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“When I was younger, I remember watching my mother carrying
out a strange ritual in a shop when purchasing curtain material.
She would repeatedly draw the material across in front of her
face from the tip of her nose to the end of her outstretched arm. I
was later to learn that this ritual was known as measuring...My
mother‟s choice of unit was the yard, a formal unit that she
estimated as the distance from the tip of her nose to the end of
her outstretched arm. I had watched, fascinated, as she
repeatedly used the unit.”

(Robert Randall, cited in New South Wales Department of Education and
Training [NSW DET] Professional Support and
Curriculum Directorate, 2003, p.3)
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ABSTRACT

This study considered the ways in which children‘s understandings about measurement
content develop, the different contexts in which children engage with measurement, and
the ways in which children can represent their experiences and understandings. Utilising
Bronfenbrenner‘s ecological theoretical perspective, this study considered the
measurement learning which occurs in contexts outside of the classrooms, and the ways
in which children are able to represent their measurement experiences and
understandings in a meaningful manner.
An important focus for this study was foregrounding the voice of children in
research. Children‘s representations of their understandings—in the forms of drawings,
photographs, and narratives—were utilised so as to allow the children to make their
own sense of measurement concepts and draw on a variety of experiences and
understandings.
The research project was conceptualised as a longitudinal study of a cohort of
children as they entered and experienced their first year of school. The participant
children in this study were in attendance at two schools in a town in regional NSW, with
the schools selected to represent the typical variance of the town‘s population. At the
commencement of the study, the participant children were in their prior-to-school year,
and during the course of the research these children were followed through the
transition to school and their first year of formal schooling, known as Kindergarten in
NSW.
The children completed a series of drawing tasks on two occasions – once at the
commencement of Kindergarten, and again at the end of their first year at school. The
children were asked to draw pictures related to particular measurement concepts, and
provide narratives about their drawings. A selection of children also participated in a
xviii

photography activity, where they were asked to take a camera home and photograph
things which they considered to be related to measurement.
A multi-level analysis of data was undertaken. The representations were initially
examined according to content and context individually. The second level of analysis
involved analysing the relationship between content and context in the representations.
Additionally, a parallel analysis of the data was carried out that considered the overarching methodological issues which arose from the study, and implications for the
ways in which the data should be viewed.
Results from this study have shown that children have sophisticated
understandings of measurement at the start of school. These understandings both align
with, and challenge, extant frameworks for the development of measurement
knowledge. Of crucial significance is that these are the understandings which children
have developed for themselves in prior-to-school and out-of-school contexts.
Importantly, the results also demonstrate the significance of the relationship between
content and context in this development. It was clear that the students who
demonstrated the most profound development in their content knowledge also increased
their ability to contextualise this content.
The findings associated with the research questions have resulted in the
development of a cumulative model of how young children‘s understandings about
measurement develop. The model attends to the development of emergent
understandings about measurement, but, importantly, also considers the role of context,
from a Bronfenbrennian perspective.

xix

“Why study children?...To find it out. And to keep finding it out,
because if we do not find it out, someone will make it up. In fact,
someone probably has already made it up, and what they make
up affects children‟s lives; it affects how children are viewed and
what decisions are made about them. Finding it out challenges
dominant images. Making it up maintains them.”
(Graue & Walsh, 1998, p.xvi)
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- Chapter One -

LOOKING FORWARD

Preamble
This study is about finding out the experiences with, and understandings of,
measurement which children possess as they commence school. The concept for this
thesis was borne of my own personal, innate fascination with the contextualised
practices of measurement. The daughter of a dressmaker, I share Robert Randall‘s
recollection (at the start of the thesis) of being a young child visiting the fabric store
with my mother, and watching as swathes of material were pulled across the countertop,
metre by metre. To this day, my mind automatically conjures this image when faced
with the notion of a linear metre. This recollection, along with that of Randall‘s at the
beginning of the thesis, clearly demonstrates two points which are key to this study: 1)
awareness of, and learning about, measurement begins at an early age; and 2)
measurement learning occurs in many forms and in many contexts, both formal and
informal. Utilising an ecological theoretical perspective, this study considers the
measurement learning which occurs in contexts outside of the classroom, and the ways
in which children are able to represent their measurement experiences and
understandings in a meaningful manner. This emphasis upon making the mathematics
meaningful is particularly important at the start of school, as children bring with them a
range of informal mathematics knowledge which has been developed in out-of-school
contexts. Children‘s everyday experiences are a rich source of mathematical concepts,
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practical skills, and problem-solving strategies (Mulligan, 1997), and in order to
maximise children‘s learning opportunities in school, we need to take account of what
children have already learned about mathematics in their home environments (Clemson
& Clemson, 1994). One way of achieving this is by approaching a mathematical
concept in an open manner; one which allows the children to make their own sense of
the concept and draw on a variety of experiences and understandings. In turn, by
utilising children‘s representations of their understandings—in the forms of drawings,
photographs, and narratives—we are offered a ―view‖ into children‘s knowledge and
experiences. This latter theme of ―viewing‖ is consistent throughout the thesis, as is
reflected in the titles of the chapters to follow.
This first chapter provides an entry point to the thesis by offering an explanation
of the thoughts and motivations which underpin this research. I begin the chapter by
positioning the research within the current mathematics education climate, with a
particular focus on the shifting views of children in mathematics education research. I
then articulate the themes and research questions which guided the design and
implementation of the study. Finally, I sketch the chapters as they unfold, offering a
guide to the content of this thesis.

Situating the research
Perry and colleagues recently made the comment that ―early childhood mathematics
education research is burgeoning in Australasia‖ (Perry, Young-Loveridge, Dockett, &
Doig, 2008, p.17). This was made clear in their review of the key research undertaken
between 2004 and 2007, which covered a broad range of topics embedded in this
research field. Importantly, Perry et al‘s review incorporated several fundamental
underpinnings of this study, that is: the specific mathematics content area of
measurement; contextual matters such as links among home, school, prior-to-school
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settings and community; and mathematics learning as children start school. Saracho and
Spodek (2008) have also identified an increasing interest in the mathematics education
of young children, while Clements, Sarama and DiBiase (2004, pp.309-310) have
offered the following explanations for the vast increase in mathematics research in early
childhood education:
1. The number of children enrolled in early childhood education has increased;
2. The importance of mathematics has been acknowledged;
3. Differences in students‘ mathematical achievement have been found; and
4. Research indicates that mathematics education initiated in the early years and
better quality mathematics education programs could lead into valuable learning
benefits for school mathematics.

The National Council of Teachers of Mathematics [NCTM] (e.g., 1989, 2000, 2005) has
been active in communicating their stance that a solid mathematical foundation must be
developed for children in the early years of schooling, i.e. preschool through to the
second grade. This stance is supported by Saracho and Spodek (2008), who state:
These children are generating beliefs about the meaning of mathematics, the functions of
mathematics, and the benefits of mathematics to them as mathematics learners. Such beliefs
contribute to their thinking about, performance in, attitudes toward, and effects in
mathematics in their later years. (p.311)

The substantial body of research conducted in recent decades has done much to support
views of young children as possessing substantial mathematical knowledge and
abilities. Summarising twenty-five years of research, Baroody and Wilkins (1999,
pp.49-50) outline three views of young children and mathematics:
1. Children‟s surprising informal knowledge: Research as early as the mid to late
seventies (e.g., Ginsburg, 1977) began to indicate that development of
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mathematical knowledge begins before school. Throughout the eighties and
early nineties (e.g., Carraher, Carraher, & Schliemann, 1987; Ginsburg, Posner,
& Russell, 1981; Hughes, 1986; Nunes, 1992), research revealed that children
engage in a variety of everyday activities that involve mathematics, and as a
result develop a considerable body of informal mathematical knowledge prior to
starting school. Further, children draw on this informal knowledge when
engaging in more formal mathematics.
2. Active construction of knowledge: Researchers such as Baroody (1987) and
Kamii (1985) found that children actively construct meaningful mathematical
knowledge. One sign that children are active learners is their spontaneous
invention of their own strategies – that is, children use what they know to solve
the mathematical problems they are faced with.

An additional sign is the

spontaneous systematic errors made by children as a result of overextending
their existing mathematical knowledge (Baroody & Wilkins, 1999).
3. Children as naturally curious: As Baroody and Wilkins (1999, p.50) explain,
―young children have a strong desire to learn mathematical concepts and skills‖.
They naturally seek out opportunities to acquire new information and practice
new skills, and as their knowledge grows, children spontaneously seek out
increasingly difficult challenges.

While these views of young children and mathematics were articulated by Baroody and
Wilkins in 1999, they are also evident in more recent early childhood mathematics
research such as that of Perry and Dockett (2007), who advocate the recognition of
young children as capable learners of mathematics. However, despite the increased
recognition of young children‘s mathematical capability, Perry and Dockett (2007)
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suggest there are several areas for future research in early childhood mathematics
education, including:
1. Development of mathematical concepts among children before they start school;
2. Continuities and discontinuities of learning in children as they move from priorto-school to school settings; and
3. Recognition of children as capable learners of mathematics and the results of
such recognition in their mathematical outcomes in the first years of school.
In response to this call for further research, this study has been designed to contribute to
these areas of need in early childhood mathematics education by considering the ways
in which children‘s understandings about measurement content develop, the different
contexts in which children engage with measurement, and the ways in which they can
represent their understandings and experiences. Consequently, three research questions
were devised in order to address these three themes of content, context, and
representation.

Research questions
Reflecting the three themes of content, context, and representation, the following
research questions guided the design and implementation of the study:
1. How does measurement learning develop during the early years? (Content)
2. What experiences with measurement do children have in prior-to-school and
out-of-school contexts? (Context)
3. In what ways can representations evoke children‘s experiences with, and
understandings about, measurement? (Representation)

5

Outline of the thesis
This thesis consists of eight chapters. Built on the aims and motivations described in
this first chapter, each of the following chapters contributes a layer of understanding to
the research study as a whole by reflecting on, and building upon, the ideas presented
previously, as well as creating a conceptual bridge to the next chapter. Chapter Two:
Measurement content at the start of school: A view of the educational landscape
presents an overview of the key research literature and curriculum material which
describes a progression in children‗s understandings about measurement. Concepts
associated with measurement are discussed, recent research is explored, and key
curriculum documents are consulted, in order to build a critical understanding of
measurement content at the start of school. Chapter Three: Contextualising
measurement learning at the start of school: A view through an ecological lens builds
on Chapter Two by introducing the notion of measurement in context. Utilising
Bronfenbrenner‘s ecological perspective, this chapter describes what is meant by
―context‖ and how this affects a child‘s developing understandings. This chapter also
details how the use of representation allows children to share their contextualised
understandings of measurement, and offers an insight into the children‘s experiences
which have contributed to the development of these understandings. Chapter Four: A
methodology of representation: A view into children‟s worlds describes how
representation has been used as a methodology for exploring children‘s contextualised
experiences, and the contribution of these experiences to their developing measurement
understandings. Motivations for researching with young children are discussed, before
articulating the process of data collection and analysis utilised in the research. The first
of two data analysis chapters, Chapter Five: Viewing the development of children‟s
measurement understandings and the contexts for this development explores two key
elements of this study, namely, children‟s measurement content knowledge and
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children‟s contexts for learning. This first phase of analysis serves to consider each of
these two elements independently, as well as lay the foundation for the second phase of
analysis presented in Chapter Six. Building on the previous chapter, Chapter Six:
Viewing the nexus between content and context in the development of children‟s
measurement understandings offers the second phase of data analysis which explores
the relationship between content knowledge and contextual richness. The purpose of
Chapter Seven: Re-viewing: Reflecting on the research is to offer a parallel analysis of
the very research process itself, while the final chapter, Chapter Eight: Looking
back...and further forward considers the effects and implications of the findings from
this research.
The thesis also contains four publications—included as appendices—that were
written during my three-year PhD candidature. These four publications have been
included in their published form. These publications are an important supplement to this
thesis, offering both background information and expansions of some of the ideas
presented in the thesis. The details of these publications are shown in Table 1 on the
following page.
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Table 1
Overview of the publications and their location in the thesis
Publication
1. Smith, T., & MacDonald, A. (2009). Time for talk: The
drawing-telling process. Australian Primary Mathematics
Classroom, 14 (3), 21-26.

Location in the thesis
Appendix 12

2. MacDonald, A. (2010). Young children‘s measurement
knowledge: Understandings about comparison at the
commencement of schooling. In L. Sparrow, B. Kissane, &
C. Hurst (Eds.), Shaping the future of mathematics
education: Proceedings of the 33rd annual conference of the
Mathematics Education Research Group of Australasia
[MERGA] (pp.375-382). Fremantle, WA: MERGA

Appendix 13

3. MacDonald, A. (2010). Heavy thinking: Young children‘s
theorising about mass. Australian Primary Mathematics
Classroom, 15 (4), 4-8.

Appendix 14

4. MacDonald, A., & Lowrie, T. (2011). Developing
measurement concepts within context: Children‘s
representations of length. Mathematics Education Research
Journal, 23 (1), 27-42.

Appendix 15

Looking forward, looking back
The purpose of this first chapter was to position the study within the historical context
of children‘s mathematics education, and articulate the emergent themes which guide
this present study. As this thesis takes shape, it is my intent that these themes of content,
context, and representation will challenge, and thus contribute to a reshaping of, how
the development of children‘s understandings about measurement is perceived. This
reshaping involves, certainly, a respectfulness for the historical underpinnings of the
mathematics education discipline, but, at the same time, a challenge through applying
non-traditional theoretical constructs to mathematics education in order to provoke a
new

dialogue

around

the

development

understandings.

8

of

young

children‘s

measurement

“Measurement is at the heart of so many things that we do.”

(NSW DET Professional Support and Curriculum
Directorate, 2003, p.3)
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- Chapter Two -

MEASUREMENT CONTENT AT THE START OF SCHOOL:
A VIEW OF THE EDUCATIONAL LANDSCAPE

Preamble
This study is posited within a conceptual understanding of measurement which emerges
from children‘s lived experiences, particularly at the commencement of schooling. It
traces children‘s development of measurement understanding as they enter formal
schooling, and as such, explores the transition from early understandings of
measurement through to the introduction of more formalised notions of measurement.
This chapter explores this development in understanding by discussing the conceptual
underpinnings of measurement, which are dissected through research and encompassed
in curriculum material. Figure 1 encapsulates this chapter in a diagrammatic form.
What can be drawn from Figure 1 is that in this study, notions of measurement
are considered first and foremost in relation to a framework for measurement
understanding. This framework in turn influences—and indeed, is influenced by—the
relationship between the process of measurement and measurement concepts, the
research literature which interrogates this relationship, and the curriculum material
which establishes sequences for measurement learning. In this way, this chapter lays the
foundations for the conceptual underpinnings of this study, and provides a view of the
educational

landscape

in

which

10

the

research

is

situated.

Framework for understanding

Processes

Research

Curriculum design

Concepts

Figure 1. Orientation to the chapter.
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A framework for measurement understanding
Before commencing a discussion of the ways in which measurement understanding
develops, it is important to clarify what is actually meant by the term ―measurement‖.
Zevenbergen, Dole and Wright (2004) define measurement as ―the assignment of a
numerical value to an attribute of an object or event‖ (p.250). From an international
perspective, the NCTM (USA) (2000) offers an almost identical definition, describing
measurement as a process by which a number is assigned to an attribute of an object or
event. The NSW DET Professional Support and Curriculum Directorate (2003, p.8)
builds on these definitions by adding the dimensions of continuity, comparison, and
order: ―measurement enables continuous quantities, those which are not separately
countable, to be compared and ordered‖.
Clements and Stephen (2004) have suggested that understandings of
measurement begin to develop in the prior-to-school years. Young children know that
continuous attributes such as mass and length exist, although they may not be able to
quantify or measure them accurately (Clements & Stephan, 2004):
Even 3-year-olds know that if they have some clay and then are given more clay, they have
more than they did before. Preschoolers cannot reliably make judgements about which of
two amounts of clay is more; they use perceptual cues such as which is longer. (p.300)

However, by about 4-5 years of age, most children begin to make progress in reasoning
about and measuring quantities by overcoming perceptual cues and learning to use
words that represent quantity of a certain attribute (Clements & Stephan, 2004).
Children then learn to compare two objects directly and recognise equality or inequality
(Boulton-Lewis, Wilss & Mutch, 1996).
At this point, children are ready to learn to measure by connecting number to
quantity (Clements & Stephan, 2004). Measuring consists of ―identifying a unit of
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measure and subdividing (mentally and physically) the object by that unit, placing that
unit end to end (iterating) alongside the object‖ (Clements & Stephan, 2004, p.300).
Typically, students first learn to measure using informal units—for example, pencils
and straws for length, tiles or shapes for area, cups or small containers for volume, and
blocks or marbles for mass (McPhail, 2007)—before progressing to the use of formal
units. As Bobis, Mulligan and Lowrie (2009) explain, ―generally, the selection of a
standard unit arises from the student‘s ability to measure more than one object with the
same informal unit‖ (p.204). Studies by Maranhãa and Campos (2000), and Stephan and
Cobb (1998), have found that when children‘s measurement learning experiences
include both informal and formal units, their understanding of measurement, units, and
instruments is increased. This latter point has critical implications for my study as it
emphasises the conceptual connectedness which may emerge when both informal and
formal means of measurement are considered.
Although researchers debate the order of the development of these concepts and
the ages at which they are developed, they tend to agree that these ideas form the
foundation for measurement understanding (Stephan & Clements, 2003). There are
many developmental sequences for measurement learning presented in the literature
(see for example Bobis et al., 2009; Zevenbergen et al., 2004), but most are similar in
their progression from identification of the attribute and use of informal measurement
through to the use of formal units.
The basis for these types of sequences, whether explicitly or implicitly, is Piaget,
Inhelder and Szeminska‘s (1960) developmental theory of length and area measurement
(Clements & Stephan, 2004). In Piaget et al.‘s model, the operations basic to true
measurement are developed in a series of stages. Beilin and Franklin (1962, pp.607608) summarise these stages as being as follows:
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Stages I and IIA: No measurement (ages 4 to 7).
This stage is characterised more by the operations the child is not capable of than those he
is. The construction of a unit of measurement is impossible. Transitivity (i.e. if A=B and
B=C then A=C) is not grasped, and the child lacks the ability to conserve (i.e. to recognise
that a change in position does not involve a change in the whole or its parts). Even when
the procedure for measurement is demonstrated to the child, the child is unable to
differentiate between subdivision of parts and a change of position.
Sub-stage IIB: Transitional. Conservation is dimly perceived, the child begins to
understand transitivity in a common measure and late in the stage even the role of a
measuring unit. Understanding, however, is reached only after lengthy trial and error.

Stage III: Construction of a measuring unit (ages 7 to 12).
Sub-stage IIIA. The child has the ability to use a common measure (on the basis of
qualitative operational transitivity, that is, without a metric unit). He is able to add parts
(not metrically), order position and changes of position, and he can use a middle term to
verify the composed congruence of any two parts by virtue of the transitivity of the
common term.
Sub-stage IIIB. Use of a metric unit is now possible. The child uses the method of unit
iteration which now gives rise to a system of metric operations and in which inequality of
common measures is recognised and used.

Stage IV: Logical operations.
Direct measurement of area from length is possible by the process of arithmetic
multiplication. Trial and error are no longer necessary.

Piaget et al. (1960) note, however, ―that these stages and sub-stages are more than a
mere chronological succession of attainment levels, for each of them marks a
reintegration of the behaviour-types which precede it, while a child at any given substage is unable to compass the behaviour which belongs to the next sub-stage‖ (p.33).
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A similar approach has been incorporated in the NSW curriculum material, with
the measurement strand of the NSW Mathematics K-6 Syllabus structured according to
the following framework (Board of Studies NSW, 2002, p.91):
1. Identifying the attribute and comparison: The first stage is recognising that
objects have attributes that can be measured. Students begin by looking at,
touching or directly comparing two or more objects in relation to a particular
attribute. Through conversation and questioning, students develop some of the
language used to describe these attributes.
2. Informal units: Students then continue to develop the key understandings of the
measurement process using repeated informal units.
3. Formal units: Discussions and comparisons of measurement with informal units
will lead to the realisation that there is a need for a standard unit.
4. Applications and generalisations: Finally students apply this knowledge in a
variety of contexts and begin to generalise their methods to calculate
perimeters, areas and volumes.

These three perspectives on the development of children‗s measurement understandings
bear noticeable similarities. Table 2 summarises the key points of each of the three
developmental sequences.
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Table 2
Measurement learning frameworks of Clements and Stephan (2004), Piaget et al.
(1960), and Board of Studies NSW (2002).
Clements and Stephan
(2004)
Awareness of continuous
attributes, but unable to
quantify or measure
accurately.

Piaget et al.
(1960)
Not capable of
measurement, construction
of units is impossible.

Use of words that represent
quantity of an attribute,
direct comparison, and
recognition of equality or
inequality.
Connect number to
quantity, identify unit of
measure, and measure
through unit iteration.

Board of Studies NSW
(2002)
Identifying the attribute and
comparison.
Informal units.

Ability to use a common
measure, use of unit
iteration.

Formal units.

Direct measurement is
possible.

Applications and
generalisations.

When we look at the summary of the measurement learning frameworks of Clements
and Stephan (2004), Piaget et al. (1960), and Board of Studies NSW (2002), it could be
said that the framework can effectively be divided into two levels, these being emergent
measurement and proficient measurement. Emergent measurement encourages children
to develop an understanding of measurement by using it for their own purposes, talking
about their measurement ideas, representing measurement processes in ways which
make sense to them, and becoming more aware of their own measurement thinking
(Whitebread, 2005). By contrast, proficient measurement requires: comprehension of
measurement concepts, operations and relations; skills in carrying out procedures
flexibly, accurately, efficiently and appropriately; ability to formulate, represent and
solve problems; and capacity for logical thought, reflection, explanation and
justification (Kilpatrick, Swafford & Findell, 2001). When viewing the summary
measurement framework with this in mind, we can see that there is essentially a ―line‖
drawn across the framework at the point shown in Figure 2.
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Clements and
Stephan (2004)
Awareness of
continuous
attributes, but unable
to quantify or
measure accurately.
Emergent measurement

Proficient measurement

Use of words that
represent quantity of
an attribute, direct
comparison, and
recognition of
equality or
inequality.
Connect number to
quantity, identify
unit of measure, and
measure through unit
iteration.

Piaget et al.
(1960)

Board of Studies
NSW (2002)
Identifying the
attribute and
comparison.
Informal units.

Not capable of
measurement,
construction of
units is
impossible.
Ability to use a
common
measure, use of
unit iteration.
Direct
measurement is
possible.

Formal units.

Applications and
generalisations.

Figure 2. Emergent and proficient measurement.

When considering the progression from emergent to proficient measurement, Clements
and Stephan (2004) argue that Piaget et al.‘s approach, also evident in the Board of
Studies NSW approach, motivates students to see the need for a standard measuring
unit. However, a somewhat different approach is suggested by other research that
questions the wisdom of concentrating first on non-standard units. Boulton-Lewis et al.
(1996) found that children used non-standard units unsuccessfully, and were in fact
successful at an earlier age with standard units and measuring instruments. For example,
Nunes, Light, and Mason‗s (1995) research suggested that children can meaningfully
use rulers before they ―reinvent‖ such ideas as units and iteration. They concluded that
rather than making measurement more difficult, the children benefited from the
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numerical representation provided by the conventional units already built into the ruler.
As opposed to the Piagetian argument that children must conserve length before they
can make sense of standard systems such as rulers, findings of these studies support a
Vygotskian perspective in which rulers are viewed as cultural instruments children can
appropriate (Clements & Stephan, 2004).
In light of these differing perspectives, Clements and Stephan (2004) offer
several recommendations for the teaching of measurement. Firstly, measurement should
not be taught as a simple skill; rather, it is a complex combination of concepts and skills
that develops over time. Secondly, initial informal activities should establish the
attributes of measurement and develop strategies such as direct comparison. Thirdly,
teachers should help children closely connect the use of manipulative units and tools,
such as rulers. Finally, an emphasis on children solving real measurement problems
helps children develop strong concepts and skills. These recommendations are
important considerations for my study as they emphasise the importance of connecting
varying understandings about measurement, both informal and formal.
When considering the ways in which measurement can be taught, it is important
to highlight that the understandings highlighted in the measurement framework are
usually developed in relation to specific concepts, the most common of these being
length, area, volume and capacity, mass, and time. Length is the most easily understood
of the measurement concepts and refers to how long something is, whether along a
single plane or through two dimensions (Reys, Lindquist, Lambdin, & Smith, 2007;
Zevenbergen et al., 2004). It is usually one of the first measurement concepts children
encounter (NSW DET Professional Support and Curriculum Directorate, 2003), and in
most cases, students come to school with some concept of length and the language
associated with it (Zevenbergen at al., 2004). Linear measurement involves six
important concepts which include: 1) partitioning; 2) unit iteration; 3) transitivity; 4)
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conservation; 5) accumulation of distance; and 6) relation to number (Stephan &
Clements, 2003). Partitioning is the mental activity of dividing an object into equalsized units. This idea is not obvious to children, as it involves mentally seeing the object
as something that can be partitioned before even physically measuring (Clements &
Stephan, 2004). Unit iteration is the ability to think of the length of a unit as part of the
length of the object being measured and to place the unit repeatedly along the length of
the object (Kamii & Clark, 1997). Transitivity is the understanding that if the length of
object A is equal to (or greater/less than) the length of object B and object B is the same
length as (or greater/less than) object C, then object A is the same length as (or
greater/less than) object C (Clements & Stephan, 2004). A child who can reason
transitively can take a third or middle item as a referent by which to compare the heights
or lengths of other objects, and most researchers argue that students must reason
transitively before they can understand measurement (Boulton-Lewis, 1987; Hiebert,
1981; Kamii & Clark, 1997). Conservation of length is the understanding that as an
object is moved, its length does not change (Piaget, 1969a). Although researchers agree
that conservation is essential for a complete understanding of measurement, it has been
cautioned that students do not necessarily need to develop transitivity and conservation
before they can learn some measurement ideas (Boulton-Lewis, 1987; Clements, 1999;
Hiebert, 1981). Accumulation of distance is the understanding that as you iterate a unit
along the length of an object and count the iteration, the number words signify the space
covered by all units counted up to that point (Clements & Stephan, 2004). Finally,
relation to number requires students to reorganise their understanding from the counting
of discrete units to the measure of continuous units.
Research has suggested that a good understanding of linear measurement is a
prerequisite to a good understanding of area measurement as both linear and area
measurement rely on many of the same ideas related to units (Izsák, 2005). These ideas
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include: relations between the unit of measurement and the attribute being measured;
the need to iterate a fixed unit and the idea that a length or area can be partitioned into a
number of equal-sized units; un-like units cannot be counted the same; measurement
units should cover or fill the attribute being measured without overlap; and the size of
the unit is inversely proportional to the measure of a quantity (Izsák, 2005).
Furthermore, the unit is iterated in two dimensions to create an array, and this leads to
multiplicative relationships involving the lengths of the sides (Curry & Outhred, 2005).
Studies such as Lehrer (2003); Lehrer, Jenkins, and Osana (1998); and Stephan and
Clements (2003) have found that students do not appear to develop these ideas in a
predictable order; a fully developed understanding of area measurement requires the
coordination of multiple ideas and the process of coordination can vary from student to
student (Izsák, 2005). Generally, students are introduced to the concept of area by
superimposing areas and later, by measuring areas with informal units (NSW DET
Professional Support and Curriculum Directorate, 2003). By using informal units which
are familiar to students, an understanding of the structure of the units (an array) can be
developed. Students must also develop an understanding that decomposing and
rearranging shapes does not affect their area (Clements & Stephan, 2004).
The measurement of volume and capacity shares many features with linear and
area measurement, such as the importance of unit iteration and the relation between
measure and unit size (Curry & Outhred, 2005). Volume can be measured in two ways:
the first method is to ―pack‖ the space with a three-dimensional array consisting of a
two-dimensional array of units which is iterated in the third dimension; while the
second method is to ―fill‖ the space by iterating a fluid unit which takes the shape of the
container (Curry & Outhred, 2005, p.265). The concepts and language of volume and
capacity are extremely complex (Gifford, 2005; NSW DET Professional Support and
Curriculum Directorate, 2003). According to conservation tests, children do not
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understand volume, or how much space something takes up, before they are 11 or 12
years of age (Dickson, Brown, & Gibson, 1984). Difficulties arise in making the
transition from filling a space with concrete units to visualising and using the unit
structure (Battista & Clements, 1996). However, it seems that some children have an
understanding of these concepts as they start school, due to the many uses of volume
and capacity in the out-of-school environment, for example, cooking, filling the car with
petrol (Gifford, 2005). As such, relating learning experiences to children‗s informal
knowledge and out-of-school contexts may help them to grasp volume and capacity
concepts at a much younger age.
Mass is defined as the amount of matter in an object, but, as the NSW DET
Professional Support and Curriculum Directorate (2003) suggest, it is a difficult concept
for young children to grasp because it cannot be seen. Gifford (2005) states that young
children‘s experience of mass will relate to specific experiences, including weighing
people and moving heavy objects. It is these experiences which need to be identified
and built upon in order to develop children‗s understanding of mass. Because mass is
invisible, children often relate mass to the visual attributes of the object being weighed.
A common misconception is that larger things weigh more, so to overcome this,
children need to discuss large light things and small heavy things (Gifford, 2005). This
is an aspect of mass which can easily be related to children‗s experiences outside of
school.
Time is a concept which is often quite difficult for children to learn due to its
abstract nature (Harris, 2008; McGuire, 2007; Schwartz, 1994). According to Piaget
(1969b), in order to acquire the concept of time, children must grasp two important
ideas: 1) there are a series of events which occur in a temporal order; and 2) between
these events there are intervals whose duration must be appreciated. In short, children
must learn the attributes of sequence (the order of events) and duration (how long an
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event takes). In answer to the question ―What do we know about how young children
begin to understand the concept of time?‖ Barnes (2006, p.291) claims ―we do know
that ‗mathematics learning builds on the curiosity and enthusiasm of children and grows
naturally from their experiences‘ (NCTM, 2000, p.73). We also know that mathematics
needs to be appropriately connected to the young child‗s world‖. With this in mind, we
must acknowledge that children develop an understanding of time by connecting it in
ways that have meaning for them (Barnes, 2006). As Charlesworth (2005) explains,
children relate time to three things: 1) personal experience; 2) social activity; and 3)
culture. Thus, it is important for teachers to provide opportunities for children to
develop time concepts in ways that are meaningful and personalised. Exploring
children‘s developing understandings of time through representations may provide a
crucial means by which to develop meaningful and personalised time concepts.
While each of these measurement concepts can be considered separately, it is
important to acknowledge that when children‘s measurement knowledge is emerging,
many of these concepts cannot be separated. Indeed, understandings about one concept
may overlap with, and in turn inform, understandings about another. However when
considering the body of research on children‗s measurement understanding, much of the
work has tended to pinpoint particular aspects in order to find out how children engage
with measurement, with a few taking a more integrated approach to concept
development. Some of the most recent research on children‗s measurement
understandings is explored in the next section.

Interrogating the measurement framework
In the past 10 years there have been numerous studies that have examined children‗s
measurement understanding (e.g. Clarke, Clarke, & Cheeseman, 2006; Curry &
Outhred, 2005; Irwin, Vistro-Yu, & Ell, 2004; Stephan, Cobb, Gravemeijer, & Estes,
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2001). Irwin et al. (2004) considered the importance of young children‘s informal
experiences in the development of their understanding about length measurement in
their cross-cultural study of children from New Zealand and the Philippines. Using a
series of five tasks, Irwin et al. highlighted the important relationship between
children‘s informal and formal measurement experiences. Their findings suggested that
children‘s informal measurement experiences made a significant contribution to the
children‘s learning of various measurement concepts. However, Irwin et al. suggest that
―the transition from informal to formal measurement needs much more time and care‖
(p.22). Bobis et al. (2009) have also emphasised the important role of children‗s
informal understandings, describing these as ―a crucial step towards understanding
mathematics‖ (p.14). Echoing the suggestion of Irwin et al., Bobis et al. highlight that a
significant concern for teachers is the ability to help children make connections between
what they already know and the knowledge they will acquire in the classroom. They
state that ―the realisation that children already possess a great deal of knowledge before
formal instruction occurs has caused many educators to reconsider their beliefs about
how children learn mathematics and about the ability of children to individually
construct their own knowledge‖ (Bobis et al., 2009, p.14).
A significant amount of recent research has focused on how children‘s formal
understandings of measurement can be developed and assessed. Outhred, Mitchelmore,
McPhail, and Gould (2003) explored the links between the measurement of length, area
and volume, and as a result devised the Count Me Into Measurement [CMIM] program
which develops children‗s knowledge of these three measurement concepts.
Underpinning the CMIM program is the Learning Framework in Measurement (Table
3), a conceptual framework for the early teaching and learning of spatial measurement
which includes similar stages for length, area, and volume (Outhred et al., 2003).

23

Table 3
CMIM Learning Framework (Outhred et al., 2003)
Length

Area

Volume

Make direct comparisons of
areas.

Make direct comparisons of
volumes (pack or fill
containers).

Order areas by direct
comparison (e.g. by
superimposing).

Order volumes by direct
comparison (e.g. by packing
or filling).

units fit along a line.

Find how many identical
units cover an area.

Find how many identical
units pack or fill a
container.

Use numbers of units to
compare lengths.

Use numbers of units to
compare areas.

Use numbers of units to
compare volumes.

along a line.

Replicate a square unit to
cover rectangular areas.

Replicate a unit to pack or
fill rectangular containers.

Relate unit size to the
number of units used to
measure length.

Relate unit size to the
number of units used to
measure area.

Relate unit size to the
number of units used to
measure volume.

The identification of the attribute
Stage 1.1 Make direct comparisons of
length.

Stage 1.2

Order lengths by direct
comparison.

Informal measurement
Stage 2.1 Find how many identical

Stage 2.2

Unit structure
Stage 3.1 Replicate a given unit to fit
Stage 3.2

The CMIM framework has been used to teach and assess spatial measurement in the
first three years of formal schooling. Pre- and post-tests have shown that children‘s
understanding of spatial measurement improved significantly as a result of instruction
based on the CMIM framework (Outhred et al., 2003).
Building on the work of Outhred et al., Curry and colleagues (e.g., Curry &
Outhred, 2005; Curry, Mitchelmore & Outhred, 2006) have explored the concurrent
development of children‘s understanding of length, area, and volume measurement in
Grades 1-4. Children participated in a 45 minute clinical interview which consisted of a
number of sets of three tasks, each set assessing children‘s understanding of length, area
and volume in relation to five measurement principles (Curry et al., 2006, pp.380-382),
that is:
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1. The need for repeated units that do not change;
2. The appropriateness of a selected unit;
3. The need for the same unit to be used to compare objects;
4. The inverse relationship between unit size and the number of units; and
5. The structure of the repeated units.

Findings from Curry et al.‘s research have shown that highlighting the similarities and
differences in the unit structures of length, area and volume measurement supports
children‘s development of measurement understanding. As a result, Curry et al. suggest
that the order in which certain measurement concepts is addressed in the curriculum
may need to be readdressed.
Doug Clarke and colleagues (e.g., Clarke, Cheeseman, McDonough, & Clarke,
2003; Clarke et al., 2006) have similarly worked to develop strategies for developing
and assessing children‗s measurement knowledge, with the development of the Early
Numeracy Research Project‘s [ENRP] task-based interview. While the ENRP interview
addressed numeracy more broadly, some measurement tasks were included. Examples
of the ENRP measurement tasks are shown in Figure 3. (Note: The instructions given to
the interviewer are shown in italics).
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Length Task 1: The string and the stick
Drop the string and the skewer onto the table.
1. By just looking (without touching), which is longer: the string or the stick?
2. How could you check? (Touching is fine now)
3. So, which is longer?
Length Task 2: The straw and the paper clips
Get the straw and show the child the long paper clips.
Here are some paper clips. Here is a straw.
1. Measure how long the straw is with the paper clips. (If the child hesitates, say
“Use the paper clips to measure the straw”)
2. What did you find? (No prompting)
If the correct number is given (e.g. 4) but no units, ask “Four what?”
Length Task 3: Using the ruler
Here is a ruler. (Place the ruler in the child‟s hand)
Here is a straw. (20cm)
1. Please measure the straw with the ruler.
2. What did you find?
If the correct number is given (20) but no units, ask “Twenty what?”
Length Task 4: Tearing the streamer
Without referring to it, place a pen on the table in front of the child. Give the child a
long piece of reasonably straight streamer (around 180cm).
Here is a piece if streamer.
1. Please tear off a piece that you believe is about 1 metre long.
Hand the child the prepared 93cm streamer and the ruler.
2. I tried to tear off a 1 metre piece. Please measure how long my streamer is.
(Allow the child to use the pen to mark the streamer if necessary, without
prompting) What did you find?
3. How far out was I? (If the child is unclear, ask “How far off a metre was I?”)
Figure 3. Clarke et al.‘s (2003) example ENRP interview measurement tasks.

Children‘s responses to the tasks were then assessed according to the following ―growth
points‖ for measurement (Clarke et al., 2003, p.71):
1. The child shows awareness of the attribute and its descriptive language;
2. The child compares, orders, and matches objects by the attributes;
3. The child uses uniform units appropriately, assigning number and unit to the
measure;
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4. The child chooses and uses formal units for estimating and measuring, with
accuracy; and
5. The child can solve a range of problems involving important concepts and skills.

The growth points were designed to reflect the typical order in which important
understandings and skills develop, and an understanding about each of these concepts of
measurement was necessary for children to demonstrate the skills involved in the
interview tasks (Clarke et al., 2003). Clarke et al. found that the majority of the
Kindergarten1 children who participated in the interview were able to demonstrate
growth points 1 and 2 (96% and 94%, respectively), however the percentages decreased
significantly for growth points 3, 4, and 5 (39%, 2%, and 0%, respectively). Despite
this, results of the overall interview found that most of the children were arriving at
school ―with considerable skills and understandings in areas that have been traditional
mathematics content for that age...this means that expectations could be raised
considerably in terms of what can be achieved in that first year‖ (Clarke et al., 2006,
p.97).
While tasks such as these are valuable in that they show us what children can
and cannot do, they are limited in the sense that they do not offer an insight into why the
children can or cannot do these things – that is, the measurement understanding is being
considered out of context. However, one concept which has increasingly been studied
with a consideration of contexts is that of time. In recent research, the concept of time
has tended to be addressed in isolation, rather than as a part of measurement
understanding in a broader sense. One method which is increasingly being recognised in
the research literature as a means of accessing children‘s understandings about time is

1

In NSW, Kindergarten is the first year of formal primary schooling, This is known variously in other
Australian states and internationally as prep, pre-primary, or transition.
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asking children to draw a clock. Importantly, gaining insight into children‘s perceptions
of clocks can help teachers to capture the processes through which children make sense
of the concept of time and to identify the kinds of background knowledge that children
bring to a new concept (Woleck, 2001).
The most widely-referenced use of this task can be traced to the work of Helen
Pengelly (1985, cited in Clarke, 1998a, 1998b), in which children aged three to seven
years were asked to create a clock face using a variety of resources. The aim of
Pengelly‘s work was to identify stages of development in regard to children‘s
understanding of the clock. Her work resulted in the identification of five
developmental stages: 1) early impressions of a clock; 2) awareness of the numerals on
a clock; 3) awareness of the importance of the twelve numerals; 4) awareness of the
significance of the partitioning of the twelve numerals; and 5) recognition of minute
markers. In more recent years, Aldridge and White (2002) implemented a similar task
with children aged seven to eight years, again looking at the developmental
characteristics revealed in the children‘s drawings of a clock and the implications for
teaching about time. The children were asked to draw a clock face and identify the time.
The children were then asked to write a sentence or draw a picture of something that
they do at that time to accompany the clock face. Importantly, ―this last step extended
the task of ‗telling time‘ from simply reading a clock face to interpreting time within the
children‘s everyday experiences‖ (Aldridge & White, 2002, p.8). Clarke (1998a, 1998b)
also extended the work of Pengelly by giving students a similar task but was more
interested in the students‘ choice of drawing a digital or analog clock (very few students
chose to draw a digital clock). Other studies in this area have emphasised the difficulties
students often encounter when learning about time. Researchers including McGuire
(2007) and Harris (2008) have identified some of the reasons children encounter
difficulty when learning to tell the time, and have offered practical suggestions for
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supporting these difficulties in the classroom. Gifford (2005) suggests that the greatest
variance in understanding about time is related to children‘s experiences at home, and
further suggests that children need to relate telling the time to meaningful times of their
day. This research on time, and in particular, the task of drawing a clock, has made a
significant contribution to the design of this present study as it provides a window into
the ways in which children can represent understandings in a manner which is
meaningful and personalised. This latter point will be discussed in greater detail in
Chapter Four.

Measurement in the Australian primary mathematics curriculum
In Australia, mathematics curriculum documents are developed out of the measurement
framework articulated at the start of this chapter, but they take into account children‘s
understanding in relation to particular concepts. The structure of the measurement
strand takes on different forms across the different State and Territory mathematics
curriculum documents. Table 4 (on the following page) offers a summary of the
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Table 4
Summary of measurement strands and content in Australian State and Territory curriculum documents
State/
Territory

Description
of Strand

Content of Strand

ACT

The student
chooses and
measures





























NSW

Measurement





























NT

Measurement
and data sense





























QLD

Measurement





























SA

Measurement





























TAS

Measurement,
chance and
data





























VIC

Measurement,
chance and
data





























WA

Measurement





























Angle

Area

Capacity

Distance

Length

Mass

Money
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Probability

Rate

Space

Temperature

Time

Volume

Weight

measurement content within each of these documents2. It is interesting to note that
while some of the syllabuses included particular topics in the measurement strand,
others locate the same topic within another strand of the syllabus; for example, angles is
sometimes included in measurement, but is more frequently found in the space and
geometry strand. The NCTM (2005) highlight that it is this bridging of the strands of
mathematics which makes measurement one of the most widely used applications of
mathematics.
As this study took place in NSW, emphasis in the discussion which follows is
placed upon the structure and content of the NSW Mathematics K-6 Syllabus (Board of
Studies NSW, 2002) which was widely used during the period of the research. The
measurement strand in the Syllabus is organised into five sub-strands that each focus on
a particular attribute: 1) length; 2) area; 3) volume and capacity; 4) mass; and 5) time.
Importantly, each of these five content areas is developed around a progression of key
ideas evident in the measurement framework articulated in the previous section, that is,
the identification of attributes, comparison of objects, and recording comparisons
informally. In this way, the Syllabus considers how a measurement concept can be

2

The information in this summary is drawn from the following documents:
Australian Capital Territory Department of Education and Training. (2007). Every chance to learn:
Curriculum framework for ACT schools (preschool to year 10 students). Canberra, ACT:
Author.
Board of Studies New South Wales. (2002). Mathematics K-6 syllabus. Sydney, NSW: Author.
Northern Territory Department of Employment, Education and Training. (2002). Northern Territory
Curriculum Framework. NT: Author.
Queensland Studies Authority. (2004). Mathematics years 1-10 syllabus. Spring Hill, QLD: Author.
South Australian Department of Education, Training and Employment, & Catholic Education South
Australia. (2001). South Australian curriculum, standards and accountability framework.
Seacombe Gardens, SA: Author.
Tasmanian Department of Education. (2008). The Tasmanian curriculum (Mathematics – Numeracy): K10 syllabus and support materials. TAS: Author.
Victorian Curriculum and Assessment Authority. (2005). Victorian essential learning standards:
Discipline-based learning strand (Mathematics). VIC: Author.
Western Australian Department of Education and Training. (2007). Mathematics K-10 overview
(Measurement). WA: Author.
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developed in relation to the processes of measurement. Table 5 outlines the Syllabus
expectations for Kindergarten for each of these five sub-strands.

Table 5
Syllabus expectations for Kindergarten for the measurement sub-strands

Area

Length

Key Ideas

Knowledge and Skills

Identify and describe the
attribute of length.
Compare lengths directly by
placing objects side-by-side
and aligning the ends.
Record comparisons
informally.

Identifying the attribute of length as the measure of an
object from end to end.
Making and sorting long and short constructions from
concrete materials.
Using everyday language to describe length e.g. long,
short, high, tall, low, the same.
Using comparative language to describe length e.g.
longer, higher, taller than, shorter than, lower than, the
same as.
Describing distance using terms such as near, far,
nearer, further, closer.
Comparing lengths directly by placing objects side-byside and aligning the ends.
Recording length comparisons informally by drawing,
tracing, or cutting and pasting.

Identify and describe the
attribute of area.
Estimate the larger of two
areas and compare using
direct comparison.
Record comparisons
informally.

Identifying the attribute of area as the measure of the
amount of surface.
Covering surfaces completely with smaller shapes.
Making closed shapes and describing the area of the
shape.
Using everyday language to describe area e.g. surface,
inside, outside.
Using comparative language to describe area e.g.
bigger than, smaller than, the same as.
Estimating the larger of two areas and comparing by
direct comparison e.g. superimposing.
Recording area comparisons informally by drawing,
tracing, or cutting and pasting.
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Time

Mass

Volume and Capacity

Table 5 (Continued)
Identify and describe the
attributes of volume and
capacity.
Compare the capacities of
two containers using direct
comparison.
Compare the volumes of two
objects by direct observation.
Record comparisons
informally.

Identifying the attribute of the volume of an object or
substance as the amount of space it occupies.
Identifying the attribute of the capacity of a container
as the amount it can hold.
Filling and emptying containers using materials such
as water, sand, marbles and blocks.
Using the terms ‗full‘, ‗empty‘ and ‗about half-full‘.
Using comparative language to describe volume and
capacity e.g. has more, has less, will hold more, will
hold less.
Stacking and packing blocks into defined spaces e.g.
boxes, cylindrical cans.
Comparing the capacities of two containers directly by
- filling one and pouring into the other
- packing materials from one container into the
other.
Comparing the volumes of two piles of material by
filling two identical containers.
Comparing the volumes of two objects by directly
observing the amount of space each occupies e.g. a
garbage truck takes up more space than a car.
Using drawings, numerals and words to record volume
and capacity comparisons informally.

Identify and describe the
attribute of mass.
Compare the masses of two
objects by pushing, pulling or
hefting or using an equal arm
balance.
Record comparisons
informally.

Identifying the attribute of mass as the amount of
matter in an object.
Describing objects in terms of their mass e.g. heavy,
light, hard to push, hard to pull.
Using comparative language to describe mass e.g.
heavier, lighter, heaviest, lightest.
Comparing and describing two masses directly by
hefting e.g. ‗This toy feels heavier than that one‘.
Sorting objects on the basis of their mass.
Using an equal arm balance to compare the masses of
two objects.
Identifying materials that are light or heavy.
Using drawings and words to record mass
comparisons informally.

Describe the duration of
events using everyday
language.
Sequence events in time.
Name days of the week and
seasons.
Tell time on the hour on
digital and analogue clocks.

Using and understanding terms such as ‗daytime‘,
‗night-time‘, ‗yesterday‘, ‗today‘, ‗tomorrow‘,
‗before‘, ‗after‘, ‗next‘, ‗morning‘ and ‗afternoon‘.
Sequencing events in time.
Comparing the duration of two events using informal
methods e.g. ‗It takes me longer to eat my lunch than
it does to clean my teeth‘.
Recalling that there are seven days in a week.
Naming and ordering the days of the week.
Relating events to a particular day or time of day e.g.
‗Assembly is on Tuesday‘, ‗We come to school in the
morning‘.
Naming the seasons.
Classifying week-days and weekend-days.
Reading hour time on a digital and an analogue clock.
Using the term ‗o‘clock‘.
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While this literature review emphasises the curriculum documents which were most
prevalent at the time of the study, it is important to acknowledge that in March 2010,
early in the third and final year of this study, the draft K-10 Australian Curriculum for
Mathematics was released for comment and review. The design of the draft curriculum
takes into account existing state and territory curriculum documents, as well as the
National Assessment Program – Literacy and Numeracy [NAPLAN] for 2008 and 2009
(Australian Curriculum, Assessment and Reporting Authority [ACARA], 2010a). With
regard to mathematics specifically, the intent of the new design is to ensure that the
links between various components of mathematics, and to other disciplines, are made
clear (ACARA, 2010a). As such, the newly framed curriculum is organised around
three content strands, namely, Number and Algebra, Statistics and Probability, and
Measurement and Geometry. The two content areas of measurement and geometry have
been combined in order to emphasise their interconnections and enhance their practical
relevance (ACARA, 2010a). Within this strand, children learn to make meaningful
measurements of quantities, choose appropriate metric units of measurement,
understand connections between units, and calculate derived measures (ACARA,
2010a).
The curriculum is organised as such so that there is an overarching description
of the content, followed by a series of ―elaborations‖ which articulate the components
which contribute to an understanding of the content (appropriate to the given year
level). Each elaboration builds on the previous one, moving from a general
understanding of the concept through to increasingly more complex applications. This
mirrors the existing developmental sequences for measurement described earlier in this
chapter, which move from identifying measurement attributes through to applications in
various contexts. However, it is important to note that the Measurement and Geometry
strand for Kindergarten consists of both a process (Comparison) and a concept (Time)
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(see Table 6). While they are presented together, they are separate in terms of the key
ideas they contain and they ways in which they are understood from a developmental
perspective. This approach is representative of an integrative approach to curriculum
design; an acknowledgment that—particularly for young children—it may be beneficial
to consider measurement concepts in relation to one another, rather than in isolation.

Table 6
Measurement concepts included in the Measurement and Geometry strand for
Kindergarten
Comparison
Use direct and indirect comparison to
decide which is longer, heavier and holds
more and explain reasoning in everyday
language.

Time
Read time on the hour on digital and
analogue clocks, and make connections
between common sequences such as days
of the week and other familiar events and
actions.

Elaboration 1
Understanding that comparing is the most
basic of measurement ideas and that the
key idea is to compare like attributes.

Elaboration 1
Understanding that time can be described
in different ways such as on analogue or
digital clocks and that longer durations are
described using days, weeks, months.

Elaboration 2
Comparing objects directly, by placing
one object against another to determine
which one is longer or using pouring from
one container to the other to see which one
holds more.

Elaboration 2
Reading and describing o‘clock times on
analogue and digital clocks including
saying that the number before the double 0
tells us the hour on digital clocks.

Elaboration 3
Using suitable language associated with
the measurement attributes, such as tall
and taller, heavy and heavier, holds more
and holds less.

Elaboration 3
Linking o‘clock times to specific events
during the school day and to familiar
events in everyday life such as saying that
school starts at 9 o‘clock in the morning or
recalling that a favourite TV program
starts at 4 o‘clock in the afternoon.
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Table 6 (Continued)
Elaboration 4
Ordering things by direct comparison such
as saying which of two children is taller by
standing them back to back or holding an
object in each hand and saying ‗this one is
heavier than the other one‘.

Elaboration 4
Recalling and saying the days of the week
and linking specific days to familiar
events, such as saying that there is no
school on Sunday and we play tennis after
school on Tuesdays.

Elaboration 5
Using indirect comparison to compare
attributes (e.g. using streamers to test
whether the teacher‘s table is higher than
the handle on the classroom door, or
pouring water from a full glass into a cup
to check which container holds more).

Elaboration 5
Sequencing familiar events in time order,
such as describing the evening routine.

Looking forward, looking back
This chapter has outlined the interconnected elements which contribute to a child‘s
understanding of measurement. Informed by a framework of measurement
understandings, it can be seen that the relationships between measurement processes
and measurement concepts contribute to a child‘s emergent understanding of
measurement, before contributing to the development of more proficient applications of
measurement. Considering the prior research on children‘s measurement knowledge,
and the shift in curriculum material towards combining different elements of
measurement understanding, my study has been designed to take an integrative
approach to examining children‘s emergent measurement understandings. However,
within an integrated approach it must be considered how children‘s measurement
knowledge can be monitored and understood. Thus, my study consists of a series of
activities which are developmental and informed by the measurement framework, but
which also consider conceptual understanding. The activities, described in Chapter
Four, consider the measurement process—at an emergent level—in relation to
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measurement concepts. The positioning of my study in relation to the developmental
progression outlined in this chapter is demonstrated in Figure 4.

Exposure and engagement with measurement
in different contexts

Measurement Process
Positioning
of this study

Emergent Measurement
Measurement Concepts

Proficient Measurement

Formal applications of measurement
in different contexts

Figure 4. Positioning of the study.
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An important consideration for this study—evident in Figure 4—is the role of context in
developing understandings about measurement. Initially, it is through exposure and
engagement with measurement in different contexts that understandings about
measurement begin to emerge. Ultimately, proficiency is achieved when formalised
measurement can be applied in a range of contexts. However, an important question to
consider is: what is context? As such, the theoretical underpinnings of context, and what
these mean for developing understandings about measurement, are examined in the next
chapter.
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“...the theoretical imagination is limitless. The theorist can
conceive of infinite possibilities, including many that might prove
to be sheer fantasy...[However] if we could not theorise, we
would be unable to imagine that a situation might be other than
it seems or that things might be different elsewhere. We would be
bound to believe instead whatever the data „told‟ us, and data
taken at face value can be very misleading...”

(Brewer & Hunter, 2006, p.18)
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- Chapter Three -

CONTEXTUALISING MEASUREMENT LEARNING AT
THE START OF SCHOOL: A VIEW THROUGH AN
ECOLOGICAL LENS

Preamble
As described in the previous chapter, this study aims to view measurement
understanding in an integrative manner. In order to achieve this, this study looks at
measurement from an ecological perspective – that is, it considers measurement
understandings in context. While an ecological perspective provides an over-arching
theoretical perspective for this study, elements of both constructivist and
representational mathematics education theories have been incorporated throughout the
study. A useful metaphor for describing this approach would be to consider the
ecological perspectives as the ―lens‖ through which to view my data, and theories of
mathematics learning as ―filters‖ which have been applied at different points throughout
the study. The reason for this approach is that an ecological approach is not wholly able
to make sense of children‘s developing measurement understandings. Hence, both the
social constructivist and constructivism approaches in mathematics education, and
representational theory, have been incorporated within the theoretical framework of the
study to enrich and explicate the analysis of children‗s experiences with measurement.
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Overview of the ecological perspective
Based on the work of Urie Bronfenbrenner, the ecological perspective was originally
described as ―the ecology of human development‖ (Bronfenbrenner, 1979, p.21). There
is much discussion in the literature about the nature of this approach, and about whether
it constitutes a ―theory‖ (e.g., Glossop, 1988). For Garbarino (1984), the ecology of
human development was not, originally, a ―systematic theoretical conception‖ (p.6) as it
did not ―aspire to the status of a theory as we use the term in speaking of Freud‘s
psychodynamic theory, Piaget‘s cognitive theory, or Skinner‘s reinforcement theory‖
(p.6). Rather, Bronfenbrenner‘s (1979) introduction of the ecology of human
development was intended as a critique of existing developmental psychology, and its
conventional content and methods. However, the increased credit given to this new
perspective resulted in the evolution of Bronfenbrenner‘s approach, and Garbarino
(1984) further commented that ―of late, it has become an effort to define a field of
inquiry, and its principal use to date has been as a framework for organising
knowledge‖ (p.7).
Increasingly, this framework has been given greater merit as a theoretical
perspective. Glossop (1988) describes a ―reappreciation‖ of Bronfenbrenner‘s work, and
the perspective has been applied to research across a broad spectrum of fields including
education, social work, and health care (e.g., Clancy, 1995; Hoglund & Leadbeater,
1998; Swick & Williams, 2006). Much of the popularity of this perspective can be
credited to its ability to combine both psychological and sociological thought, thus
breaking away from more conventional frameworks of analysis.
Despite the conjecture about its nature, I chose this approach to constitute the
theoretical framework for my study. While I too am hesitant to refer to the approach as
ecological theory, as this was not its intended application, I feel it offers a valuable
conceptual framework because, as Glossop (1988) explains:
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The ecological framework of analysis and interpretation...reveals the ways in which one
disciplinary or conceptual approach takes as problematic precisely what is taken for granted
by others, and vice versa. It becomes possible, then, to examine the relative contributions
each makes to knowledge not only about its designated subject matter, but as well about the
relationships between these domains of inquiry (p.3).

Glossop‘s contention is particularly powerful in terms of my study because of the
blending of disciplines which occurs as part of the research, namely the integration of
the domains of mathematics education, early childhood education, primary education, as
well as both sociological and psychological thought. Weaving these domains within an
ecological framework enhances the ability of each to both inform, and be informed by,
the others being considered.
Bronfenbrenner‘s (1979) ecology of human development emerged as an
alternative to the conventional behaviourist, psychodynamic, and humanistic
perspectives of child development. The ecological perspective grew out of a discontent
with the prevailing models of developmental research, whereby researchers spent much
of their time studying ―the strange behaviour of children in strange situations with
strange adults for the briefest possible periods of time‖ (Bronfenbrenner, 1974, p.3). In
short, development was being studied out of context (Bronfenbrenner, 1988). To
combat this, Bronfenbrenner designed a model of development which focused on the
contexts of individuals—such as the home, school and workplace—and the sociallyand culturally-based connections between these and over time (MacDonald, 2008a). The
child‘s immediate experiences are studied within the context of the related social
systems around the developing child. As Jipson and Jipson (2005) point out, we must
inquire into the social and cultural contexts in which people develop if we hope to
understand how knowledge is constructed. This distinguishes the ecological perspective
of human development from both ecological psychologies (e.g., Barker & Schoggen,
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1973) and traditional human ecology (e.g., Hawley, 1950). Both of the latter ecological
approaches focus on the environmental systems, without attending to the role of the
developing person (Garbarino, 1985).
Working within the ecological perspective establishes the child as a developing
person who plays an active role in an ever-widening world (Garbarino, 1985). Emphasis
is placed upon the changing interactions within the changing environment, and within
this dynamic model, the importance of ecological transition is stressed, as individuals
move between and across systems and as their roles within different ecologies change
(Bronfenbrenner, 1979).
The ecological perspective focuses upon the impact on the child, both direct and
indirect, of the ―enduring environment in which he lives‖ (Bronfenbrenner, 1974, p.2).
The enduring environment, which is also referred to as the child‟s ecology, has been
conceptualised by Bronfenbrenner as two concentric layers, the first superimposed upon
the second. While this model has been represented in varying forms (e.g., Cole & Cole,
2001; Garbarino, 1982; MacDonald, 2008a; Ward, 2001), the components of these
layers remain largely unchanged. In Bronfenbrenner‘s (1974) model, the upper layer is
the immediate setting actually containing the child – such as home, school, street,
playground. Every setting is viewed along three dimensions: 1) design of the physical
space and materials; 2) people, in differing roles and relationships toward the child; and
3) activities in which the people are engaging—both with each other and with the
child—including the social meaning of these activities (Bronfenbrenner, 1979). The
supporting and surrounding layer, in which the immediate setting is embedded, limits
and shapes what can and does occur within the immediate setting in two ways: 1)
geographic and physical; and 2) institutional. As Bronfenbrenner developed his original
(1974) model, he has identified and applied labels to the five systems of interaction
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embedded in the original model: 1) microsystem; 2) mesosystem; 3) exosystem; 4)
macrosystem; and 5) chronosystem (see Figure 5).

culture

Figure 5. Bronfenbrenner‘s ecological model of development
(adapted from Ward, 2001)

Most immediate to the developing child is the microsystem. The microsystem is the
setting in which the individual lives, and is ―the joint product of physical settings and
behavioural interactions in which individuals experience and create day-to-day reality‖
(Garbarino & Plantz, 1980, p.8). It is in the microsystem that the most direct
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interactions with social agents take place – with parents, peers, and teachers, for
example. The individual is not viewed as a passive recipient of experiences in these
settings, but as someone who helps to construct these settings (Santrock, 2001).
The mesosystem involves relationships between microsystems or connections
between contexts. Important mesosystems for children include relationships between
home and school, home and neighbourhood, and school and neighbourhood (Garbarino
& Plantz, 1980), with the home-school mesosystem being of the greatest developmental
significance to the child. According to Bronfenbrenner (1979), we can expect more
enhanced development when this mesosystem is:
...characterised by more frequent interaction between parents and school personnel, a
greater number of persons known in common by members of the two settings, and more
frequent communications between home and school, more information in each setting about
the other (p.218).

The exosystem is involved when experiences in another social setting—in which the
individual does not have an active role—influence what the individual experiences in an
immediate context (Santrock, 2001). The child‘s exosystems are those which have
power over their life, yet in which they do not participate. They include those centres of
power, such as school planning commissions (Garbarino & Plantz, 1980), education
systems, and curriculum directorates, that make decisions affecting the child‘s day-today life.
Mesosystems and exosystems are embedded in the broad ideological and
institutional patterns of a particular culture (Garbarino & Abramowitz, 1992a). These
patterns are the macrosystem – that culture‘s ecology of human development. A
macrosystem is ―the norms about how development proceeds and the appropriate nature
and structure of microsystems, mesosystems, and exosystems‖ (Garbarino & Plantz,
1980, p.12).
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Finally, the chronosystem involves the patterning of environmental effects and
transitions over the life course, as well as socio-historical circumstances (Santrock,
2001). It frames the dynamics of an individual‘s life.

The validity of ecological research
It is no coincidence that Bronfenbrenner‘s notion of context coincides with
phenomenological philosophy. Indeed, for Bronfenbrenner (1979), the validity of
ecological research hinges on the extent to which a study demonstrates a
phenomenological sensitivity to ―the subject‘s definition of the situation‖ and to the
―knowledge and initiative of the persons under study‖ (p.32). Although he concludes
that there are inherent limits to the researcher‘s capacity to obtain ―a complete picture of
the research situation as perceived by the participants‖ (p.33) and that ―ecological
validity is a goal to be pursued, approached, but never achieved‖ (p.33), Bronfenbrenner
(1979) insists that correspondence between the participant‘s and the researcher‘s view
of the research situation, which he calls ―phenomenological validity‖ (p.33) is ―not only
desirable but essential‖ (p.30). Glossop (1988) also stresses the critical importance of
this ―phenomenological validity: because:
...the processes of human development are the processes through which human life
becomes meaningful and through which the environments in which life is lived become
meaningful – that is, full of human meanings (p.11).

Bronfenbrenner (1979) claims that dire consequences may result from the neglect of
human meaning:
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To disregard the meaning of the situation to the research subject is to risk invalid
conclusions both for research and, particularly in the study of human development, for
public policy. To close one‘s eyes to this possibility is, therefore, to be scientifically and
socially irresponsible (p.31).

Ultimately, the validity of ecological perspectives lies in the researcher‘s ability to elicit
the meaning participants apply to their own experiences. Bronfenbrenner (1979) argues:
Here the emphasis is not on the traditional psychological processes of perception,
motivation, thinking, and learning, but on their content – what is perceived, desired, feared,
thought about, or acquired as knowledge (p.9).

Bronfenbrenner‘s emphasis on the importance of the validity of participants‘ own
recollections of their lived experiences is fundamental to my study because a difficulty
often faced by researchers working with children is the questions of whether they can
―really believe‖ children‘s accounts of their experiences (Punch, 2002). However,
taking Bronfenbrenner‘s stance, children‘s accounts have their own validity in terms of
being their own perspectives and the way the world seems to them, even if the ―facts‖ of
their accounts are wrong (Punch, 2002). Furthermore, the validity of research with
children can be augmented by using approaches which give children control over
research processes, and methods which are in tune with children‗s ways of seeing and
relating to their world (Thomas & O‘Kane, 1998), and how they make their world
meaningful.

Critique of the ecological perspective
The ecological perspective has been subject to a range of criticism. Indeed,
Bronfenbrenner himself has heavily critiqued his original monograph, expanding his
model to place greater emphasis upon biological factors, thus referring to the
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bioecological model of human development in more recent writings (1995a, 1995b,
2005a, 2005b, 2005c, 2005d). In addition to Bronfenbrenner‘s own criticism, the lack of
biological evolution included in the ecological model is a concern held by Belsky
(1995). He states:
…one of the things that is missing in Bronfenbrenner‘s model of the environment, with its
nested levels of context, is perhaps the oldest and most fundamental one, namely, that of
evolutionary history…When it comes to biology, this plays a role basically in the form of
characterising individual differences in the biological characteristics of the developing
child. What seems to be missing is an appreciation of the long-history forces that have
shaped not only the human condition but also the very nature of life on earth as we know it.
(p.552)

Even with the added discussion of biological influences, Bronfenbrenner‘s
bioecological model continues to receive criticism from developmental psychologists
due to its limited attention to biological foundations of development (Santrock, 2007).
Shaffer and Kipp (2007) describe the model as ―fall[ing] short of being a complete
account of human development‖ because ―it really has very little to say about specific
biological contributions to development‖ (p.71). In addition to this, Shaffer and Kipp
(2007) offer three key questions in their criticism of Bronfenbrenner‘s model: Where
are the normative patterns of development? Must we formulate different theories for
persons from different environments? If unique individuals influence and are influenced
by their unique environments, is each lifespan unique? These questions offer important
points of contemplation when considering the use of the ecological model. In this study,
normative patterns of development are considered in relation to the measurement
framework articulated in the previous chapter. That is, the ecological perspective
provides a lens through which the children‘s measurement development is explored and
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critiqued, and in doing so, this study considers how each child‘s development is unique
in terms of the experiences which have impacted upon them.
In spite of these criticisms, Bronfenbrenner‘s ecological perspective offers a
most worthwhile theoretical orientation to this study due to its ability to permit the
observation of the interconnections between the processes of human development, the
environments in which development occurs, and the reciprocal relations between the
multiple environments within which any person develops (Glossop, 1988). For
Bronfenbrenner himself, the strength of his model lies in its ability to combine differing
discipline areas: ―The ecology of human development lies at a point of convergence
among the disciplines of the biological, psychological, and social sciences as they bear
on the evolution of the individual in society‖ (Bronfenbrenner, 1979, p.13).
While this is a point of contention for those working within these discipline
areas, it is one of the many appeals of this approach for those researchers who are not
situated within a specific discipline. From this vantage point, the ecological perspective
offers a rich psycho-social analysis without relying too heavily on the conventions of
one discipline or another. This is an important consideration for my study because of its
blending of educational domains, as outlined in the Preamble. Indeed, it is clear from
the body of ecological research literature that the integration of ecological perspectives
within educational domains can have a powerful influence on the ways in which
schooling is perceived and enacted.

Influence of ecological perspectives upon schooling
As noted in the Overview section of this chapter, the congruence between home and
school can have a large and significant effect upon child development (Garbarino,
Galambos, Plantz, & Kostelny, 1992).

A strong home-school mesosystem is

characterised by mutually respectful relationships between families and schools. The
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nature and strength of these home-school relationships are variable from community to
community (Garbarino et al., 1992). Schools communicate an appreciation for families
when the curriculum is directly relevant to life outside the classroom (Garbarino &
Benn, 1992). Moreover, as the work of Hale-Benson (1982) and Heath (1983)
demonstrates, ―teachers also must be aware of the ways that distinct, culturally based
learning and teaching styles used in some families can influence a child‘s reactions to
classroom experiences‖ (Garbarino & Benn, 1992, p.168).
These points are particularly relevant for early schooling. As Ladd (1996)
outlined, ―the origins of early school adjustment lie in both the child and in his or her
interpersonal environment‖ (p.365). Dockett and Perry (2007a) have extended this idea
in their work on Kindergarten transition. The ecological perspective provided them with
a framework for understanding the complexities of the transition to school process
during their ―Starting School‖ research project. Use of this perspective allowed the
consideration of the interactions between the child and the settings in which the child is
immediately involved, such as the home, school and prior-to-school setting, and the
acknowledgement that the transition to school is not simply about moving from one
defined setting to another.

A Vygotskian filter
Bronfenbrenner‘s ecological model is not entirely unique in its structure; indeed, it
shares many features with Russian psychologist Lev Vygotsky‘s social constructionist
framework of learning and development (e.g., 1962, 1978). A commonly-referred to
theorist in mathematics education (e.g., Bartolini Bussi, 1998; Forman & McPhail,
1993; Lerman, 2000; van Oers, 1996), Vygotsky argued that all learning is essentially
social in origin and that—much like in Bronfenbrenner‘s model—children learn from
their families, peers and adults generally, as well as learning with their teachers
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(Vygotsky, 1978). Vygotsky saw learning and development working together as a
dynamic process in a sociocultural/historical context that operated on three levels: 1) the
immediate interactive level; 2) the structural level; and 3) the more general cultural or
social level (Brooks, 2004). Brooks (2004) summarises Vygotsky‘s three levels as
follows:
1. The immediate interactive level: Two meanings for the social context exist at
the immediate interactive level. Firstly is when we construct our
understanding through our interactions with others. Secondly are the other
more solitary interactions with artefacts and materials in the learning context.
2. The structural level: This level includes social structures that influence the
child, such as family and school. Within this level, the child encounters new
ideas in formal and informal contexts, which reflect the beliefs and values of
the family and the wider community.
3. The more general cultural level: This level represents our social, cultural and
historical interactions. The learner reflects the culture in which he or she is
situated.

In her doctoral study of young children‘s drawing processes, Brooks (2004) sought to
remodel Vygotsky‘s sociocultural theory for use as a framework for analysing
children‘s drawings. Using children‘s drawings of the growth and development of
butterflies as examples, Brooks was interested in demonstrating how the relationships
between the social, cultural and historical aspects inherent in forms of communication
combine to influence what is learned, and also how it is learned (Brooks, 2004). Her
resultant five-level framework bears striking similarity to Bronfenbrenner‘s ecological
model, as demonstrated in Table 7.
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Table 7
Bronfenbrenner‟s ecological model of development aligned with Brooks‟ Vygotskian
social constructionist framework
Bronfenbrenner‘s ecological
model of development

Brooks‘ Vygotskian social
constructionist framework

Microsystem
The setting in which the individual
lives and where interactions with others
occur.

Immediate interactive level
The sites in which individuals exist, and
the interactions which occur within
these.

Mesosystem
The relationships between
microsystems, or connections between
contexts.

Interpersonal level
Interpersonal exchanges and creation of
new knowledge.

Exosystem
The influence of settings in which
individuals do not have an active role
upon the individual‘s immediate
context.

Intrapersonal level
Metacognitive thinking and
intrapersonal dialogue.

Macrosystem
The broad ideological and institutional
patterns of a particular culture.

Structural level
The materials, spaces, time, and social
context of the learning environment.

Chronosystem
The patterning of environmental effects
and transitions, as well as sociohistorical circumstances.

General cultural and social level
The wider cultural community and
social circumstances.

To summarise, the notable points of similarity between the two models consist of the
interactions between individuals within and across contexts, within the bounds of social,
cultural and historical circumstances. Brooks‘ framework offers a useful perspective,
particularly given its application to the study of children‘s drawings. Importantly for
this study, her framework shows how drawing is influenced by a multi-level contextual
system, which in turn mediates new knowledge and understanding (Brooks, 2004).
However, Bronfenbrenner‘s model places greater emphasis upon the connectivity of
contexts, the multiplicity of influences upon contexts and the individuals within these,
and the changes to these over time. This is important for my study because I am
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particularly interested in not only the contextual influences upon the measurement
knowledge children possess at the start of school, but also how the influence of these
contexts shapes the development of children‘s understanding over the course of the
Kindergarten year.

A constructivist filter
The second theoretical stance incorporated in my study is the adoption of a
constructivist approach to mathematics teaching and learning, as discussed by several
mathematics education researchers (see, for example, Cobb, 1988; von Glasersfeld,
1989; Cobb et al., 1992; Jaworski, 1994; Bobis et al., 1999; Windschitl, 2002).
According to Grieg and Taylor (1999), constructivist researchers perceive children as
being subjective, contextual, self-determining and dynamic beings, constructing
meanings within given contexts:
Children and their relationships are dynamic across individuals, context and time.
Furthermore, the meanings constructed and actions taking place in everyday situations are
also located within specific cultural and historical practices and time (p.37).

While there are many different views and applications of constructivism, three major
tenets generally apply (Bobis et al., 1999, pp.8-9):
1.

Knowledge is not passively received, but actively constructed by the learner;

2. Students can construct new knowledge through reflection upon their physical
and mental actions; and
3. Learning is a social process.

These tenets of constructivism resonate with the fundamental underpinnings of this
study, that is, understanding is constructed by the learner based upon what they already
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know and have experienced; and the idea that this active construction of knowledge is a
social process incorporating different contexts. The latter point aligns with an ecological
model of thinking. Additionally, as in Bronfenbrenner‘s model, the individuality of the
learner is acknowledged, and it is the view of the constructivists that ―the learning
outcome of any activity may vary from child to child according to the framework for
understanding that each child has developed‖ (Anghileri, 2005, p.4).
Sharing the view that children are active participants in the construction of their
own knowledge, American psychologist Jerome Bruner emphasised the role of
representation in the learning process (Bruner, 1966; Anghileri, 2005). This study
utilises children‘s representations as a means of demonstrating the spheres of influence
described by Bronfenbrenner which contribute to a child‘s experiences with, and
understandings of, measurement.

Representation of children‘s experiences and understandings
It has been suggested by Kendrick and McKay (2004) that as teachers seek to
acknowledge children‘s diverse experiences, they must also embrace children‘s
multifaceted ways of knowing. They go on to state that teachers‘ major pedagogical
challenge is to help children transform what they know into modes of representation
that allow for a full range of human experience.
Goldin and Kaput (1996) define a representation as a configuration of some
kind that symbolises, interacts with, or otherwise represents something else. They
contend that representations do not occur in isolation, and ―usually belong to highly
structured systems, either personal and idiosyncratic or cultural and conventional‖
(p.398). Furthermore, the representing relationship is not fixed, because an interaction
or act of interpretation is involved in the relation between that which is representing and
that which is represented (von Glasersfeld, 1987). Given this definition of
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representation, Bronfenbrenner‘s ecological perspective becomes all the more pertinent
– that is, representations should be viewed as constructions of knowledge resulting from
children‘s participation in a variety of contexts.
Bruner (1966) labelled three modes of representation: enactive where the child
can manipulate real materials to depict mathematical relationships; iconic when the
child can work with drawings or pictures representing relationships; and symbolic where
abstract symbols are understood to describe mathematical relationships. This study
focuses on children‘s iconic representations as a means of demonstrating the spheres of
influence described by Bronfenbrenner which contribute to a child‘s experiences with,
and understandings of, measurement.
Vygotsky (1978) viewed representation as a way of knowing, and emphasised
the critical role of representation in young children‘s concept development. For the
young child, activities such as drawing bring ideas to the surface (Woleck, 2001) and
allows for the translation between internal and external representation. Informed by the
work of Goldin and Kaput (1996), I refer to internal representations as ―the mental
configurations of individuals [which] are not directly observable‖ (p.399). In contrast,
external

representations

are

―physically

embodied,

observable

configurations...accessible to observation by anyone with suitable knowledge‖ (Goldin
& Kaput, 1996, p.400). To summarise, an internal representation is the mental image
held by an individual about a concept as a result of their experiences/observations, while
an external representation is the artefact by which this mental image is communicated.
With this in mind, the notion of ―representation‖ serves two purposes: 1) the means by
which the internal representation is constructed and communicated; and 2) the final
external artefact.
An important consideration is the two-way interactions between internal and
external representations (see Figure 6).

As Goldin and Kaput (1996) explain,
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sometimes an individual externalises in physical form through acts stemming from
internal structures. However, sometimes the individual internalises by means of
interactions with external physical structures. These interpretive acts can take place at
both an active, deliberate level, and at a more passive, automatic level; thus, natural
language or familiar mathematical expressions are ―understood‖ without deliberate,
conscious mental activity (Goldin & Kaput, 1996). Furthermore, ―interactions in both
directions between internal and external representations can (and most often do) occur
simultaneously‖ (Goldin & Kaput, 1996, p.401).

Internal / Mental Representations

Interactions

External / Physical Representations
Figure 6. Interactions between internal and external representations
(Goldin & Kaput, 1996)

Reflecting the interactive nature of representation, new systems of representation are
typically built up from pre-existing systems (Goldin & Shteingold, 2001, p.10). Goldin
and Kaput (1996) identify three main stages in the development of new representations.
First is an inventive-semiotic stage (Piaget, 1969a), during which new characters or
symbols are introduced. They are used to symbolise aspects of a previously developed
representational system, which is the basis for their ―meaning‖. In the second stage the
earlier system is used as a kind of template for the structure of the new system. Rules
for the new symbol-configurations are worked out, using the earlier system together
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with the meanings that have been newly assigned. Finally, the new system becomes
autonomous. It can be detached, in a sense, from the template that helped to produce it
and can acquire meanings and interpretations different from, or more general than, those
that were first assigned (Goldin & Shteingold, 2001, p.10).
Representations may take many forms, but the form being utilised in this study
is the notion of imagistic or analogic representations. These refer to representations in
which the fundamental characters and configurations are not formal in nature, but bear
sensory resemblance to what is represented (Goldin & Kaput, 1996). As Goldin and
Kaput explain, the term imagistic can be interpreted broadly to include internal imagery
and image-schematic representation—that which is ―imagined‖ or visualised—as well
as external enactive and pictorial representations. The term analogic suggests that the
way in which representations carry meaning may be through analogy and even
metaphor, rather than through more direct constructions. This notion of representation is
important for my study because, as Goldin and Kaput (1996) suggest, ―internal,
imagistic representation is essential to virtually all mathematical insight and
understanding‖ (p.415).

Representation in mathematics
When considering representation in mathematics, it is important to acknowledge that
there is a mathematical discipline called representation theory: ―In representation
theory, one attempts to understand a mathematical structure by setting up a structurepreserving map (or correspondence) between it and a better-understood structure‖
(Cuoco, 2001, p.x). Embedded in Cuoco‘s explanation of representation theory are two
features of the mathematical use of the word representation:
1. The representation is the map. It is neither the source of the representation (the
thing being represented) nor its target (the better-understood object); and
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2. Representations

don‘t

just

match

things;

they

preserve

structure.

Representations are ―packages‖ that assign objects and their transformations to
other objects and their transformations (Cuoco, 2001, p.x).

One way of considering representations in mathematics is as a sign or a configuration of
signs, characters, or objects, that can stand for (symbolise, depict, encode, or represent)
something other than itself (Goldin & Shteingold, 2001). Goldin and Shteingold (2001)
offer the following example:
...The numeral 5 can represent a particular set containing five objects, determined by
counting; or it can stand for something much more abstract – an equivalence class of such
sets. It can also represent a location or the outcome of a measurement...So we see that the
thing represented can vary according to the context or the use of the representation. (p.3)

Goldin and Shteingold (2001) have also emphasised the need to recognise that a
mathematical representation cannot be understood in isolation:
...[It] makes sense only as part of a wider system within which meanings and conventions
have been established. The representational systems important to mathematics and its
learning have structure, so that different representations within a system are richly related
to one another. (pp.1-2)

Mathematical representation takes into consideration that representational systems take
two forms, these being the internal and external representational systems described
earlier. With regard to internal representational systems, Goldin (1987, 1998) has
described two kinds of internal representations relevant to mathematics: 1)
verbal/syntactic representational systems, which describe individuals‘ natural language
capabilities – mathematical and non-mathematical vocabulary, as well as the use of
grammar and syntax; and 2) imagistic representational systems, which include visual
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and spatial configurations, or ―mental images‖ (Goldin & Shteingold, 2001, p.5).
External systems of mathematical representation are mainly notational and formal, and
include things such as our system of numeration; our ways of writing and manipulating
algebraic expressions and equations; methods of exhibiting relationships visually or
spatially, such as number lines and graphs; and words and sentences, written or spoken,
which denote and describe material objects, physical properties, actions and
relationships, and things far more abstract (Goldin & Shteingold, 2001, p.4).
Duval (2002) has argued that there are four representational registers, these
being natural language, figures/diagrams, notation systems, and graphs. Many
researchers have explored representations within these registers, and, importantly for
this study, a significant portion of this research has focused on students‘ drawing of
figures and diagrams during problem-solving activities. Diezmann and English (2001)
have written about the usefulness of children‘s drawings of diagrams in mathematical
problem solving, suggesting that ―a diagram can serve to ‗unpack‘ the structure of a
problem and lay the foundation for its solution‖ (p.77). However, they claim that in
order to use this strategy effectively, students need to be diagram literate; that is,
students need to know about diagram use and be able to use that knowledge
appropriately. They suggest three phases in the development of diagram literacy: 1) the
concept of a diagram; 2) diagram generation; and 3) reasoning with a diagram
(Diezmann & English, 2001). Also focusing on diagram-drawing, Alston and Maher
(2003) studied the representations created by sixth grade students as they explored
problem tasks concerning the fairness of dice games, while Gilbert (2005) examined the
ways in which fourth grade students used representations to make sense of and solve
division problems, and found that when students were able to use an appropriate
representation strategy, they were able to successfully solve the division problems. van
Garderen (2007) implemented diagram-drawing with students with learning disabilities,
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and found that the creation of representations significantly increased the ability of these
students to solve word problems in mathematics.
While this body of research has focused on representations in a strictly
mathematical sense, this study explores representation in a more general manner,
exploring the means by which children interpret their contextualised experiences and
use these to construct mathematical understanding in a meaningful manner.

Representation in this study
Thinking outside of explicitly mathematical forms of representation, we see that
children have many representational resources available to them which can be applied to
the mathematics domain. Indeed, there are many means by which children learn to make
sense of their world (Kendrick & McKay, 2002). This study focuses on three types of
children‘s representations: drawings, photographs, and narratives. While there may be
cultural differences in the ways in which representations are used and understood, these
forms of representations were selected because they are familiar to most Australian
children, and this familiarity should result in most of the participant children feeling a
sense of competence and expertise in the research process.

Drawings as representations
Drawing is ―a form of iconic representation that reflects the distinctive features of the
represented experience (Bruner, 1964), a graphic image that represents what children
know, not what they see (Piaget, 1969a), and a graphic speech that conceptualises an
internal representation of story (Vygotsky, 1978)‖ (Kendrick & McKay, 2002, pp.4546). Dyson (1993) highlights that drawing is often underestimated as a tool for
meaning-making, while Mirzoeff (1999) has suggested that in Western culture, visual
representations are considered merely ―second-rate illustrations of ideas‖ (p.6).
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However, in recent times there has been in an increase in the number of researchers
using drawing as a means of investigating what children know. For example, Kendrick
and McKay (2004) used children‘s drawings about reading and writing as a way of
investigating their perceptions and understandings of literacy across a range of contexts.
The children were asked to draw a picture of reading or writing, and these drawings
were then analysed according to the social settings, reading and writing practices and
genres, domains, and social identities inherent in the literacy event depicted. Lodge
(2007) used drawings to explore children‘s perceptions of classroom learning, while
Brooks (2004) asked children to draw the growth and development of butterflies, and
found that the process of drawing in a social context mediated new knowledge and
understanding.
Of this larger body of research, there are several researchers who have
investigated the value of drawing in children‘s mathematics. Lehrer, Jacobson, Kemeny
and Strom (1999) acknowledge that the graphical nature of drawing makes it a
particularly useful means of accessing mathematical knowledge: ―Mathematical
inscriptions seem to flow easily from children‘s drawings and other efforts to render the
world visible‖ (p.70). Woleck (2001) used children‘s drawings as a means of
investigating children‘s strategies for solving open-ended mathematical problems, and
found that the drawings were capturing the process by which children created meaning
and understanding about mathematical concepts. In a similar vein, Carruthers and
Worthington (2006) have conducted extensive studies into children‘s drawings, and the
way in which they can use their own marks to make their own meanings. In an
important link to this study, they argue that ―this allows children to more readily
translate between their informal ‗home mathematics‘ and the abstract symbolism of
‗school mathematics‘‖ (Carruthers and Worthington, 2006, p.2).

61

Drawings are a useful tool for researching with children because for many
children, they provide a research activity which is familiar and non-threatening
(MacDonald, 2009). The children can change and add to the drawings as they choose,
and as drawings often take time, a quick response is not demanded (Einarsdóttir, 2007).
Drawings are a powerful medium for accessing the inner thoughts, feelings and
experiences of children; and while a child may not be able to verbally articulate a
memory or experience, through the process of drawing, the story is revealed
(MacDonald, 2009). Children‘s artistic expressions represent their impressions of their
inner worlds, responses to their environments, and individual stories (Malchiodi, 1998).
In an attempt to make sure that all the elements of the narrative are
communicated, children may add speech utterances to their representations (van Oers,
1997). For example, in my Honours research which focused on the transition to
Kindergarten, when drawing her first day of school Taylor said to herself ―I‘m drawing
the sky, so I need the blue pencil‖ (MacDonald, 2008a). It can be easy for researchers
to interpret drawings according to their particular research agenda, but this, however,
may not necessarily relate to the intentions of the drawer (Dockett & Perry, 2005a).
Placing an emphasis on listening to children while they draw, instead of trying to
analyse their drawings, is important, as the children‘s narratives and interpretations of
their drawings can give a better picture than the adults‘ interpretations of the drawings
(Clark, 2005a, 2005b; Einarsdóttir, 2007; Punch, 2002; Veale, 2005), and, as suggested
by Bronfenbrenner (1979), an emphasis on eliciting the children‘s own interpretations
and meanings enhances the inherent validity of the responses received.

Photographs as representations
In this study, photographs are also used as a means of representing the children‘s lives
outside of the classroom, an important aspect when considering the role of context as
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outlined in Bronfenbrenner‘s model. Photographs have been recognised as making a
valuable contribution to research (Prosser & Schwartz, 1998), and increasingly,
researchers are supporting the use of photographs as an exciting avenue of exploring the
human experience and generating new insights and understandings (Bultemeier, 1997;
Dockett & Perry, 2005c; Fasoli, 2003; Highley & Ferentz, 1988). Photography is an
expanding method in research with children, with increasing numbers of researchers
using children‘s photographs to seek children‘s perspectives on their lives. Rasmussen
and Smidt (2001, 2002, cited in Einarsdottir, 2005) have used the method in their
research on children‘s lives. Children aged five to thirteen years were given cameras to
use for one week and asked to take the cameras with them wherever they went and take
pictures of the people they met, the activities they participated in, and anything else they
wanted to take pictures of. When the pictures were developed, the researcher looked at
them and talked about them with the children. In the Mosaic approach developed by
Clark and Moss (e.g., Clark, 2001, 2004; Clark & Moss, 2001), cameras were used with
children under five years old to find out about their views and experiences in their early
childhood institution. In her study of a New Zealand early childhood education centre,
Stephensen (2009) found that using the researcher‘s photographs of the centre, as well
as children‘s own pictures of that environment, were effective ways of enabling young
children aged two to four years to share their thoughts about their experiences in the
centre. Einarsdottir (2005) used children‘s photographs in her research looking at the
ways children think about their playschool, while Dockett and Perry (2003a, 2003b,
cited in Einarsdottir, 2005; 2007) used cameras in their research on children‘s views on
starting school. A group of kindergarten children was invited to discuss what was
important as they started school, after which small groups of children were invited to
walk around the school to take photos of things that were important to them.
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Photography is regarded as having many advantages as a method to use with
children. Several authors have noted that giving the children cameras increases the
children‘s power because they can make a choice and pick out things that are of
importance to them (Barker & Weller, 2003a, 2003b; Clark & Moss, 2001; Cook &
Hess, 2003; Rasmussen, 1999; Rasmussen and Smidt, 2001). By giving them freedom
over their cameras, they are in charge of the event and the researcher has no idea what
photographs might be taken (Einarsdottir, 2005). Furthermore, as Einarsdottir describes,
―when the children take photographs that are later looked at and discussed in interviews,
the data gathering is in part in the hands of the children, and they provide evidence of
their own rather than being directed by adults‖ (2005, p.527). In this way, the children
are the experts, because they are the ones who know about the pictures. Secondly, as
Rasmussen (1999, cited in Einarsdottir, 2005) has pointed out, when children take
pictures, they are actively creating meaning as they capture meaningful parts in their
lives. Einarsdottir (2005) highlights several other advantages of using children‘s
photographs in research:
For the most part, children like taking pictures. Additionally, taking the pictures does not
take a long time so the children do not lose interest. The photographing also provides a
concrete product that the children can take a pride in and that can be revisited later for
further discussion and analysis (Clark & Moss, 2001; Cook & Hess, 2003). Finally, giving
the children the responsibility of a camera helps to develop a relationship of trust with the
researcher (Barker & Weller, 2003). (p.527)

One of the strengths of using photographs to record experiences is their openness to
interpretation (Dockett & Perry, 2005c). They reflect a range of non-verbal elements in
a particular context (Fasoli, 2003), and can contribute to making the invisible visible
(Schratz & Walker, 1995). Schratz and Steiner-Loffler (1998) argue that experiences are
constituted by multiple realities, and that taking photographs enables the focus to be
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directed to elements that would often remain in the background. Hence, these
considerations are critical for my study because they promote viewing experiences from
a range of perspectives. However, this openness becomes a limitation when relying
solely on photographs as data. They can be manipulated; and on their own, tell an
incomplete story (Dockett & Perry, 2005b). The addition of narrative allows another
dimension to the methodology.

Narratives as representations
An important consideration for this study is that representations are not static products;
rather, they capture the process of constructing a concept or relationship (Woleck,
2001). For this reason, in this study the children‘s representations have been combined
with narratives about the representations to best capture this process of constructing
ideas about measurement. By asking children to tell a story about their drawing or
photograph, the opportunity is provided for children to reveal their understandings in
different, yet complementary, ways (Smith & MacDonald, 2009, Appendix 12). This
process gives children the opportunity to create and share meaning using both verbal
and non-verbal modes. This crossover of modalities increases children‘s capacity to use
many forms of representational thinking, and encourages children to consider multiple
interpretations, generate new meanings, and expand existing meanings while creating
and describing their representations (Wright, 2003). However, it is important to
recognise that the drawings and/or photographs and their accompanying narratives are
not separate entities – both are integral parts of the meaning making process (Cox,
2005; Wright, 2007).
In recent years, there has been an increasing amount of interest in the concept of
narrative and its applications in social research (Elliott, 2005; Hinchman & Hinchman,
1997; Riessman, 1993). With the growing application of narrative inquiry comes a
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growing body of definitions and understandings about what constitutes ―narrative‖.
Elliott (2005) offers a useful summary of the defining elements of narrative:
…a narrative can be understood to organise a sequence of events into a whole so that the
significance of each event can be understood through its relation to that whole. In this way,
a narrative conveys the meaning of events. (p.3)

Elliott‘s definition of narrative resounds with Bronfenbrenner‘s (1979) ecological
perspective in its view that the significance of events must be understood in relation to
the whole. As Bronfenbrenner (1979) identified, each action is embedded in a context of
interrelated systems, and in order to fully understand that action we must consider the
systems as a whole.
In addition to Elliott‘s (2005) identification of the aspects of sequence and
meaning, Hinchman and Hinchman‘s (1997) definition includes the added dimensions
of insight and experience:
Narratives (stories) in the human sciences should be defined provisionally as discourses
with a clear sequential order that connect events in a meaningful way for a definite
audience and thus offer insights about the world and/or people‘s experiences of it. (p.xvi)

To summarise, three key features of narratives can be identified. Firstly, they are
chronological; secondly, they are meaningful; and thirdly, they are social (Elliott,
2005). These three features underpin the importance of narrative in social research.
Chronological aspects of narratives. There is a growing recognition among
researchers of the importance of the temporal dimension for understanding the
interrelation between individual lives and social contexts (Elliott, 2005). This is
demonstrated in Bronfenbrenner‘s (1979) ecological model with the inclusion of the
chronosystem, which emphasises the importance of the temporal context upon the
individual. This idea was also expressed by Dewey (1938) in his notion of continuity,
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which refers to the succession of situations within which experience occurs. Without
continuity, there is no such thing as experience. Furthermore, every experience is what
it is, in part, because of what is brought to it, via prior experience, and, in part, because
of its influence upon the future (Clandinin & Connelly, 1991).
Meaningful aspects of narratives. As Elliott (2005) explains, there is a long
humanist tradition within sociology which stresses the importance of attempting to
understand the meaning of behaviour and experiences from the perspective of the
individuals involved. She goes on to describe the importance this has for facilitating
communication with research participants:
In this context narrative can perhaps be understood as a device which facilitates empathy
since it provides a form of communication in which an individual can externalise his or her
feelings and indicate which elements of those experiences are most significant. (p.4)

Drawing from this perspective, Kramp (2004) makes the point that ―the object of
narrative inquiry is understanding—the outcome of interpretation—rather than
explanation‖ (p.104). Through the work of Bruner (1986) we come to see that the point
of narrative research is not to seek truth but rather meaning:
Narrative inquiry changes the question that philosopher Richard Rorty identifies as the
epistemological question that has historically preoccupied Anglo-American philosophy,
from ―How do we come to know the truth?‖ to ―How do we come to endow experience
with meaning?‖ (p.12)

This is an important contemplation for my study, as it seeks to discover the meanings
children themselves draw from their experiences and engagements with measurement in
a range of contexts.
Social aspects of narratives. Narrative research is inherently social. After all,
stories are told by people to people (Engel, 1999). These stories reflect the values,
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interpretations, and ideas of narrator and listener. This is an important consideration for
the children in my study because, as Bruner (1986, 1990) has argued, through these
narratives we learn about the social world.
What distinguishes narrative as a mode of inquiry is that it is both a process (a
narrator or participant telling or narrating) and a product (the story or narrative told)
(Kramp, 2004). Indeed, the same can be said of representation in general – that is,
representation is both the process by which meaning is constructed, and the product by
which the meaning is conveyed. As such, representation offers a powerful means of
understanding the contexts which influence children‘s measurement development as it
encourages children to reflect upon their own experiences, and share these experiences
in meaningful ways.

Looking forward, looking back
Mathematics educators have begun to embrace socio-cultural perspectives of
mathematics learning, with mathematics being seen as practices embedded in, and
influenced by, particular social and cultural practices (Anderson, Anderson, & Shapiro,
2005). While the social constructionist and constructivist theories so often referred to in
mathematics education research have made significant contributions to the
acknowledgement of the socio-cultural influences upon mathematics learning,
Bronfenbrenner‘s ecological perspective extends this further by providing the potential
to more critically—and indeed, more comprehensively—consider the socio-cultural
spheres of influence which contribute to a child‘s development of mathematical
understandings. By viewing mathematics learning through an ecological lens,
researchers consider the specific components which interact in order to shape the
developing child. The ecological perspective encourages researchers to see the
importance of the people, places, activities, and cultures which serve as the contexts for
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mathematics learning, and thus come to acknowledge that it is these contexts which
endow mathematics with meaning. However, an important consideration is how these
contexts for mathematics learning can be discovered. The process of representation
allows for this. By encouraging children to create meaningful representations, we are
able to find out their understandings, and the contexts in which these understandings
have been developed.
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“Finding it out is labour-intensive...One must go out and look
and listen and soak and poke and then do it all again and again...
Truly finding it out requires researchers to look in avoided
places and in unfamiliar ways...Doing research with young
children is as complex, rewarding, and messy, as living and
working with them. It takes a keen eye to their needs...It requires
attention to the special circumstances that allow children to show
us their worlds.”

(Graue & Walsh, 1998, pp.xiv-13)
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- Chapter Four -

A METHODOLOGY OF REPRESENTATION: A VIEW INTO
CHILDREN’S WORLDS

Preamble
The purpose of this chapter is to articulate the methodology of this study. I begin by
offering insight into the motivations underpinning the research which in turn influenced
how the research was conducted. I then describe the design of the research, including
details about the selection of the participants and phases of data gathering, which is in
turn based on the three themes of the research and the corresponding research questions,
namely:
1. How does measurement learning develop during the early years? (Content)
2. What experiences with measurement do children have in prior-to-school and
out-of-school contexts? (Context)
3. In what ways can representations evoke children‗s experiences with, and
understandings about, measurement? (Representation)

Following this is a consideration of the potential limitations of the methodology, and as
this study involves young children, I then explore the ethical considerations for
researching with young children. Finally, I discuss the notion of validity, before
describing the elements of the multi-level model of analysis which have been employed
in this study.
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Methodological motivations
An important focus for this study is foregrounding the voice of children in research.
Morrow and Richards (2002) have argued that in social research, children are often
positioned as vulnerable, incompetent, and relatively powerless in society in general.
They assert that in everyday social life, we tend not to be respectful of children‘s views
and opinions, and the challenge is to develop research strategies which are fair and
respectful to the children we are conducting research with. As Lansdown (1994, p.38)
points out, we simply ―do not have a culture of listening to children‖, and, as Morrow
and Richards (2002) explain, the consequence of this presents a dilemma for social
researchers:
…we simply are not used to talking to children to try to ascertain their views, opinions and
so on. There are so few attempts to understand children‘s lives ‗in their own terms‘, and
taking children‘s own words at face value and as the primary source of knowledge about
their experiences effectively goes against a tradition in sociology in which children‘s voices
have rarely been heard and their opinions rarely sought. The challenge for social research is
to find ways of eliciting children‘s opinions and experiences, to develop appropriate
methods, and corresponding strategies to deal with ethical dilemmas that may arise. (p.271)

James (1995) has suggested that the ways of ―seeing‖ children that researchers hold
have a profound impact upon the way in which we study children. She has identified
four overlapping ways of seeing children: the developing child; the tribal child; the
adult child; and the social child (James, 1995, p.4). The first of these perspectives, the
developing child, typically utilises research methods such as experimentation and
observation. Consequently, children‘s competencies are undervalued, and when
children‘s voices are elicited their words may not be taken seriously or even trusted
(Morrow & Richards, 2002). The second perspective, the tribal child, tends to utilise
methods such as participant observation, taking the view that children inhabit an
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autonomous world, separate from adults, with its own rules and agendas (Morrow &
Richards, 2002). By comparison, the adult child view sees children as competent
participants in a shared, but adult-centred world, with attention focused on children‘s
perspectives on, and comprehension of, an adult world in which they are required to
participate (James, 1995). Methodologically, the assumption is that children are the
same as adults in research, and thus the same tools can be used with children as with
adults. However, the difference between adults and children in terms of social status and
experiences are not always addressed, and asking children about things they have not
experienced only makes it easier for adults to conclude that children are not only
ignorant but incapable of understanding (Alderson, personal communication, in Morrow
& Richards, 2002).
James‘ fourth model, the social child, offers an alternative perspective. This
model envisages ―children as research subjects comparable with adults, but understands
children to possess different competencies, a conceptual modification which permits
researchers to engage more effectively with the diversity of childhood‖ (James, 1995,
p.14). She suggests that this has implications for the methods used in studying children.
Children are skilled in different mediums of communication (such as drawings, stories,
written work), so as researchers we need to draw on these. As she notes:
It behoves us then to make use of these different abilities…Talking with children about the
meanings they themselves attribute to their paintings or asking them to write a
story…allows children to engage more productively with our research questions using the
talents which they, as children, possess. (p.15)

Taking inspiration from James‘ social child model, this study has been designed to draw
on the communication strengths of children by utilising research methods with which
most children are familiar and confident. This is particularly important for my study
because it allows children to show me their worlds in rich and meaningful ways.
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Research design
The research project was conceptualised as a longitudinal study of a cohort of children
as they enter and experience their first year of school. The study explored the children‘s
experiences with, and ideas about, measurement held during this period. Qualitative in
nature, the chosen design allowed me to capture the lived experiences of these children.
The following graphics (Figures 7 & 8) may be helpful in visualising the design of the
research, and the time frame of the data collection.
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PHASE ONE
Drawing tasks
(Part 1)

DATA ANALYSIS: PHASE ONE RESPONSES
Analysis of content
Analysis of context

PHASE TWO

PHASE THREE

Photography task
Interviews

Drawing tasks
(Part 2)

DATA ANALYSIS: PHASES ONE, TWO AND THREE RESPONSES
Analysis of content
Analysis of context
Analysis of relationship between content and context

Figure 7. Research design.
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COHORT (Two schools)
Selection of participants

Journey through Kindergarten

Transition (Term 4 2008)

Kindergarten (Terms 1-4 2009)
Photography
activity

Drawing tasks
(Part 1)

Interviews

Drawing tasks
(Part 2)

Figure 8. Data collection timeframe

Selection of participants
The participant children in this study were in attendance at two schools in a town in
regional NSW, with the schools selected to represent the typical variance of the town‘s
population. School A is what can be considered a low-SES school. To position the
school within the current Australian educational climate, the My School website3 states
the school‘s Index of Community Socio-Educational Advantage [ICSEA]4 as being 790.
As an indication of the significance of this value, the average ICSEA score is 1000, with
most schools scoring between 900 and 1100. In addition, 70% of students are in the
bottom quarter; that is, a significantly high proportion of students are educationally
disadvantaged compared with the spread of students across Australia. Furthermore, the

3

The My School website <http://www.myschool.edu.au> enables users to search the profiles of almost
10,000 Australian schools. The intent of the site is for users to be able to locate statistical and contextual
information about schools and compare them with statistically similar schools across Australia
(Australian Curriculum, Assessment and Reporting Authority [ACARA], 2010b). Included within this
information are individual schools‘ results to the NAPLAN testing regime.
4

The Index of Community Socio-Educational Advantage [ICSEA] is a measure that enables comparisons
to be made across schools. The variables that make up ICSEA include socio-economic characteristics of
the small areas where students live (an Australian Bureau of Statistics [ABS] census collection district),
as well as whether a school is in a regional or remote area, and the proportion of Indigenous students
enrolled at the school (ACARA, 2010b).
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school has a dominance of Housing NSW5 residents in the suburb; approximately 45%
of students coming from single-parent families; a highly mobile student population; and
approximately 40% of students are of Aboriginal and Torres Strait Islander descent. By
comparison, School B reflects the more middle-class sector of the population, with an
ICSEA value of 994. The student population includes approximately 7% Indigenous
students, and about 5% of students are from a non-English speaking background.
School B represents a greater rate of educational advantage, with only 25% of students
in the bottom quarter.
These two primary schools were invited to participate on the basis that they
operated a transition program6. At the commencement of the study, the participant
children in this study were in their prior-to-school year, and during the course of the
research these children were followed through the transition to school and their first
year of formal schooling, known as Kindergarten in NSW. Children in NSW commence
Kindergarten in late January. They ―must start school by the time they are 6 years old
but they may start in the year they turn 5, provided their fifth birthday is before July 31
of that year. Hence, it is possible for a new Kindergarten class to contain children aged
between 4 years 6 months and 6 years‖ (Perry & Dockett, 2005a, p.65).

5

Housing NSW is a sector of the NSW Government Department of Human Services which seeks to
address homelessness in NSW by providing a number of support services, including public housing,
community housing, Indigenous housing, assistance to households with special needs, and rental
assistance (NSW Government Department of Human Services, 2010).
6

Transition programs are a process by which children and their families are supported during the move
from pre-Kindergarten to Kindergarten (MacDonald, 2008b).
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Data collection
Phase 1
The first phase of data collection took place during the transition period from prior-toschool to Kindergarten, over the last few weeks of Term 4 2008 and into the first weeks
of Term 1 2009. This phase involved identifying a cohort of children in their prior-toschool year, and interacting with these children as they commenced Kindergarten,
exploring the understandings about measurement the children had at this early stage. A
total of 97 children were included in the entire cohort, although not all of the participant
children completed all of the data gathering activities (due to absence from school,
relocation, and other assorted reasons). During Phase 1, a series of open-ended drawing
tasks were carried out with the children. Guided by the work of Sullivan and Lilburn
(1997), I refer to open-ended tasks as the type of classroom activity that: 1) requires
students to do more than recall known facts or reproduce a skill; 2) has an educative
component in that the task allows students to learn from the process of doing the task
and informs teachers about students‘ capabilities; and 3) has more than one possible
solution. In general terms, a ―good‖ open-ended task is one in which a teacher receives
enlightening responses – work samples that provide insights into students‘
understandings that could not have been predicted (Smith & MacDonald, 2009, see
Appendix 12; Sullivan & Lilburn, 1997). Specifically, this investigation involved the
implementation of tasks which were deliberately vague, allowing children to apply their
own meaningful and personalised contexts.
Six open-ended drawing tasks were used in this study. These were inspired by
the work of Pengelly (1985, cited in Clarke, 1998a) with her ―Draw a clock‖ task, where
children aged 3 to 7 years were asked to create a clock face using a variety of resources.
The six tasks were negotiated with the classroom teachers to reflect the content they
were planning to cover in class. The tasks were designed to progress from an open78

ended exploration of what children considered to be measurement, through to
investigations of specific content areas and concepts. The resulting tasks, and the
measurement content and concepts they address, are outlined in Table 8.

Table 8
Drawing tasks and the measurement content and concepts they address
Drawing task
1. Draw yourself
measuring.

Measurement content
Open-ended

Measurement concepts
Awareness of attributes

2. Draw something tall and
something short.

Length

Comparison

3. Draw something heavy
and something light.

Mass

Comparison

4. Draw something hot and
something cold.

Temperature

Comparison

5. Draw a ruler.

Length

Unit iteration

6. Draw a clock.

Time

Unit iteration

These open-ended measurement tasks were used in several ways: 1) as a means of
visually representing measurement knowledge, understanding, and experiences; 2) to
determine how measurement knowledge and understanding was developing over the
period of the study; and 3) to select the children who would be invited to be the focus
participants in Phase 2 of the study.

Phase 2
Phase 2 focused on eight children selected from the larger cohort of 97 children. These
eight children were chosen to represent a diversity of measurement understandings and
socio-cultural backgrounds, and it was during Phase 2 that the photography and
interview activities took place. The selected children were each provided with a digital
camera and were encouraged to take photographs of the occasions in their lives outside
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of school during which they used or encountered measurement. I decided to use digital
cameras as I wanted the children to feel that I trusted them to use quality equipment,
and I wanted them to have the freedom to take and retake photographs at will, giving
them complete control over the images produced. The children were allocated two
weeks to use the camera, but there were variations to this time period, with the longest
period of use being four weeks. The children were asked to take photos of anything they
considered to be ―measurement‖. By giving just a broad idea, not specific things to
photograph, the power of the medium was handed over to the child (Greenfield, 2004).
Parents were instructed to allow the children to retain control of the photography
activity, only providing assistance if requested by the child. Unlike other studies which
placed restrictions on the number of photographs the children could take (e.g. Cook &
Hess, 2003; Dockett & Perry, 2003), the children in this study were free to take as many
photographs as they liked. The number of photographs taken by individual children
ranged from 5 to 30.
At the conclusion of their time with the camera, the children returned the camera
to me so that I could print out the photos. No analysis was carried out at this stage. I
then met one-on-one with each child at their school to look at and discuss the photos.
During this time, the children explained the content of the photo, as well as providing
additional contextual information surrounding the taking of the photograph. Children
were asked general questions such as ―Why did you take this photo?‖ and ―Can you tell
me what is happening here?‖, and were also prompted to describe the particular
locations shown, or identify the other people in the images. In this way, the meanings of
the photographs were co-constructed by the child and myself, and the children were able
to ensure that the photographs accurately represented what the child had intended.
This meeting was also an opportunity for the children to participate in a one-toone interview. I prepared some guiding questions (see Table 9, on the next page),
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however I wanted the interviews to have an openness about them. This allowed me to
follow any leads as they were introduced by the children. The children had the freedom
to talk about what was of central significance to them, but some structure ensured the
children‘s input into all topics which were considered crucial to the study.

Table 9
Interview questions and the themes they address
Interview question
1. How do you know when you are doing
measuring?

Theme
Understandings about measurement

2. Did you know about measuring before
you started school? How?

Development of understandings about
measurement

3. Do you do any measuring at home?
Can you tell me about it?

Measurement in out-of-school contexts

4. Is measuring at home the same as
measuring at school? Why?

Measurement across different contexts

Phase 3
The third phase involved following the children through their first year of formal
schooling. I re-entered the classroom towards the end of the year and repeated the initial
open-ended measurement tasks in order to explore the children‘s developing
understandings over time, thus incorporating the chronosystem element of the
ecological perspective.

Considerations for researching with children
Conducting research with young children requires special consideration on behalf of the
researcher. Two key considerations when undertaking research with children pertain to
methodological approaches and ethical implications. These will now be discussed in
greater detail.
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Methodological considerations
It is important to consider the limitations of the strategies for researching with children
employed in this study. Children‘s responses to the tasks are likely to be influenced by
their ability and willingness to draw, take photographs, and communicate their
understandings (Einarsdottir, 2007; Punch, 2002). In addition, students‘ individual
interpretations of the tasks will affect the responses received as the open-ended nature
of the tasks allows children to provide responses in ways which reflect their differing
social and cultural contexts (Malchiodi, 1998). Also, children‘s photographs and
drawings can be selective, and on their own, tell an incomplete story (Einarsdottir,
2005; Fasoli, 2003). In the present study, these challenges are considered and allowed
for by encouraging the children to comprehensively explain the intended meanings of
their drawings and photographs through extended conversation and further questioning.
Considering the drawings and photographs and their accompanying narratives as a unit
reduces the likelihood of the drawing or photograph being misinterpreted, and values
children‘s multi-modal means of communication.

Ethical considerations
When social research involves direct contact with children, it may be necessary to face
ethical questions that are lessened, or altogether avoided, when the research is indirect
or involves adults (Thomas & O‘Kane, 1998). Indeed, ethical issues are often thought to
be the central difference between research with adults and research with children
(Punch, 2002). Lewis (2002) has suggested six points which should be considered by
those engaging in research with children:
1. Access/gatekeepers;
2. Consent/assent;
3. Confidentiality/anonymity/secrecy;
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4. Recognition/feedback;
5. Ownership; and
6. Social responsibility.

Access
A key consideration in this study was how I would access the children with whom I
would potentially conduct my research. With the consent of both the principals and
teachers (outlined in the next section), I became involved in the schools‘ transition
programs as a support teacher. This gave me the opportunity to interact with the
children who would potentially be involved in my research, and become a familiar
person whom they trusted. I feel it is important to point out that at this point in time I
was not conducting research – rather, I was simply spending time with the children and
getting to know them before approaching them about participation in my study. My
intent was that by spending this time getting to know the children, when I explained the
research project to the children and asked for their participation they would already be
used to working with me and as such would view their involvement in my research as a
non-threatening experience. The time devoted to establishing relationships with the
children was both enjoyable and rewarding, and as a result, the research project itself
began to feel like a journey the children and I were embarking on together – the project
truly became a process of researching with (rather than on) children (Bergmark &
Kotenius, 2009; Einarsdottir, 2005; Mayall, 2000).

Consent
Several phases of consent were required for this study to take place. Firstly, having
gained approval from both the Charles Sturt University and NSW DET ethics
committees (see Appendices 1 and 2), I met with the principals of the schools invited to
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participate to discuss the overall research project, and provide them with an information
sheet (see Appendix 3) to read and keep, and a consent form to complete (see Appendix
4). With the principals‘ consent, I then approached the classroom teachers who would
potentially be involved, carrying out a similar process whereby we had in-depth
discussions about the potential involvement of the children in their class, and also how
they would like the drawing activities to be shaped to reflect the measurement content
they were intending to teach. These teachers were then given a detailed information
sheet (see Appendix 5) to read and keep, and were required to complete a consent form
(see Appendix 6).
As this project involved working with minors, the next phase of consent was
dual-faceted, whereby I was required to gain informed consent from the
parents/caregivers as well as from the children themselves. Information letters were
issued to parents/caregivers (see Appendices 7 and 8) for them to read and understand
before signing a consent form (see Appendix 9) for their child‘s participation. I also
visited the children at school to explain what would be asked of them and to answer any
questions they had. The children were also shown the information sheet and consent
form which was sent home to their parents/caregivers, and I explained what these
documents said and meant. The children were then given their own consent form which
asked them to indicate whether or not they wanted to participate (see Appendix 10).
However, the children were not able to participate unless the parent/caregiver‘s consent
was also given. Additionally, the children were entitled to the choice not to participate,
even if their parents/caregivers had given their consent for their child to participate. I
felt it was important that the children who chose not to participate were still given the
opportunity to complete the in-class drawing activities, so that they would not feel
ostracised, but their drawings and narratives were not included as part of the data set.
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To me, the decision to invite children to complete a consent form of their own
was both logical and essential, and I perceived this to be a fairly straight-forward
process. However, I was surprised (and somewhat bemused) by the differing reactions
to the consent form I devised when it was presented to the University‘s ethics
committee. The most prominent issue was around the use of symbols for consent/nonconsent. One committee member was concerned about the implications of the ―smiley‖
and ―frowny‖ face used on the form, and the assumptions embedded within these, i.e.
that the child‘s participation would make me ―happy‖ and a decision not to participate
would make me ―sad‖. While there is certainly merit in this point, alternative symbols
were discussed amongst the committee and each was found to have their own embedded
assumptions. For example, the possibility of using a ―tick‖ and a ―cross‖ was raised, but
I personally found this to be even more problematic as the assumption is that
participation is ―right‖ whereas non-participation is ―wrong‖. Given the assumptions
attached to the use of symbols, the need for gaining consent in this manner was
questioned, and it was suggested that instead I simply write the words ―yes‖ and ―no‖
on the consent form. My argument was that as I was seeking consent from children as
young as four, it was important to construct the consent form in a manner which was
accessible to these children. The words ―yes‖ and ―no‖ are, in and of themselves,
symbols, but they are symbols which are meaningless to a child who cannot interpret
their meaning. Taking this approach would defeat the purpose of seeking consent from
these young children, and indeed, enforce the power of the adult, and the adult‘s way of
knowing, in the research process. In the end, a compromise was reached by including
both the ―smiley‖ and ―frowny‖ faces, and the words ―yes‖ and ―no‖.
Given these complex issues around the children‘s consent form, another member
of the University‘s ethics committee questioned the need for a children‘s consent form
at all. This point I strongly disagreed with, because I share the view of Harcourt and
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Conroy (2005) that any potential participant in any research process, including children,
must be given the right to decide whether it is in his or her own best interest to
collaborate. In the end, all but one of the children chose to participate in the study. Of
course, it is important to consider that this rate of consent may reflect the children‘s
desire to ―please‖, or ―do the right thing‖ by agreeing, or that the children may in fact
have not understood the consent form after all. However, I would like to think that this
participation rate reflected the trust the children had in me as a result of our interactions
prior to the research commencing.

Confidentiality
My original intent was to apply pseudonyms to all the children who participated in the
research; however, I soon discovered that I needed to rethink this intention. Given that
the research took place during Kindergarten, a time when most children are learning to
write their name and proudly display this at every opportunity, the majority of the
children‘s names had a very clear presence on the drawings they produced. To combat
any ethical concerns which may have arisen from this, I ensured that only the child‘s
first name was used, and the setting of the research remained confidential. Clark (2007)
also acknowledged this issue, noting that children often record their name as a
declaration of their presence. Conroy and Harcourt (2009) have raised the question of
whether researchers should pursue the issue of anonymity, or instead begin a new
dialogue which responds to this new context of collaborative research with young
children.

Recognition
Checking with the children that the researcher‘s attempts at understanding make sense
to them is a very useful practice, which is in line with the goal of keeping faith with
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children‘s own perspective and voice (Greene & Hill, 2005). As Dockett and Perry
(2007b) point out, it is the co-construction of shared or agreed understanding which is
paramount. Talking with the children while they drew, and the interviews which were
conducted after the photography activity, gave me the opportunity to ensure that I had
an understanding of the meanings which the children intended with the drawings and
photographs.

Ownership
Harcourt and Conroy (2005) have suggested that researchers consider what rights the
child has to see the data collected and to have the work returned at the end of the data
collection process. As Malchiodi (1998, p.225) points out: ―In the natural course of
making art, the children who create the drawings or art expressions expect to keep the
drawings they create, especially if they like to draw and feel positively about their
creations‖. In my research, I felt it was important to acknowledge that the work
belonged to the children, not me. Therefore, I decided that it was important for the
children to retain ownership of all of the work produced during the study. During the
data collection period, I initially collected the drawings and photographs which were
produced so that I could make copies for my own use (scans of the drawings and copies
of the digital photograph files), then at the conclusion of the data gathering period the
participant children were given a portfolio of all their work (the originals, not copies) to
keep.

Social responsibility
Setting out to research children‘s experience implies a respect for each child as a unique
and valued experience of his or her world (Greene & Hill, 2005). There has been a shift
towards acknowledging children as social actors with understandings that we might
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learn from (Cree, Kay & Tisdall, 2002), and, as a part of this new conceptualisation of
children, they should be credited with ―knowledge‖ (Mayall, 2000, p.120). As such, I
made the conscious decision to allow the children‘s voices and representations to
permeate the thesis, in recognition of the knowledge the children have to offer and their
subsequent contribution to the collective understanding about how children engage with
measurement. This recognition also had implications for the ways in which the data was
to be analysed, as it was important for the analysis to honour the understandings of the
children themselves.

Data analysis
The model of data analysis employed in this study has been designed to explore the
interconnections inherent within the three themes of the research—content, context, and
representation—and their corresponding research questions. As such, this study
involves a multi-level model of analysis (see Figure 9) in order to demonstrate the
unfolding relationships among the data. The first level of analysis involves the
exploration of two elements: 1) the representation of content; and 2) the representation
of context. Exploring each of these elements separately lays the foundation for the
subsequent level of analysis, which explores the relationship between content and
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Figure 9. Multi-level model of analysis.
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context in the representations. The next component of the model is a parallel analysis of
the data and the research process (which will be discussed in Chapter Seven). These
three levels of data analysis ultimately build towards the development of a model of
children‗s engagements with measurement (presented in Chapter Eight). The first two
levels of the data analysis model will now be described in greater detail.

Analysis of content
As described in Chapter Two, the summary framework for measurement can be divided
into emergent and proficient measurement. In this study, I was interested in exploring a
particular cross-section of this framework – that is, children‘s emergent understandings
and how these are leading into more proficient understandings. Figure 10 represents in a
graphical form the particular elements of the measurement framework which form the
focus of this study.
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Clements and Stephan
(2004)
Awareness of
continuous attributes,
but unable to quantify
or measure accurately.
Emergent measurement

Piaget et al.
(1960)
Not capable of
measurement,
construction of
units is
impossible.

Use of words that
represent quantity of
an attribute, direct
comparison, and
recognition of equality
or inequality.
Connect number to
Proficient measurement quantity, identify unit
of measure, and
measure through unit
iteration.

Board of Studies
NSW (2002)
Identifying the
attribute and
comparison.
Informal units.

Ability to use a
common
measure, use of
unit iteration.
Direct
measurement is
possible.

Formal units.

Applications and
generalisations.

Figure 10. Cross-section for analysis of emergent and proficient measurement.

In order to conduct an analysis based on this cross-section of the summary framework,
it was important to identify the common elements across the representative
developmental progressions, and articulate the specific skills the children would display
at that particular stage of development. It can be seen in Figure 10 that notions of
attributes and comparisons are common to both the Clements and Stephan (2004) and
Board of Studies NSW (2002) progressions, while units are common to all three. Table
10 provides the resultant framework for analysis of the children‗s measurement content
knowledge.
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Table 10
Framework for analysis of measurement content knowledge
Element
Attributes

Comparisons

Descriptors
Understanding that objects have attributes which can be
measured.
Understanding that the key idea is to compare like
attributes.
Comparing objects directly.
Multiple comparisons of objects.

Unit iteration

Recognition of units.
Sequencing of units.
Equal partitioning of units.

The three elements of attributes, comparisons, and units—and their corresponding
descriptors, drawn from the literature presented in Chapter Two—form the basis of my
analysis of emergent measurement in this study. The analysis of their three elements is
presented in Chapter Five.

Analysis of context
The ecological approach to data analysis involves exploring the individual components
of each context—or system—and then exploring the relationships between these
contexts in order to understand the systems as a whole. As Bronfenbrenner (1979)
explains, ―In ecological research, the properties of the person and of the environment,
the structure of the environmental settings, and the processes taking place within and
between them must be viewed as interdependent and analysed in systems terms‖ (p.41).
At the innermost level of Bronfenbrenner‘s nested model–the microsystem–
Bronfenbrenner (2005c, p.45) stresses two key aspects of analysis: 1) activities within
the immediate situation; and 2) connections between people in the immediate situation.
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At the next level, the analysis of a child‘s mesosystem entails the discussion of the
possible interconnections between settings, for example between home and school.
Bronfenbrenner (1979) proposes four general types of interconnections upon which to
base analysis: 1) multi-setting participation, which occurs when the same person
engages in activities in more than one setting; 2) indirect linkage, which occurs when a
third party serves as an intermediate link between persons in two settings; 3) intersetting communications, which are messages transmitted from one setting to another;
and 4) inter-setting knowledge, which refers to information or experience which exists
in one setting about the other. Bronfenbrenner (1979) suggests that in order to
demonstrate the operation of the exosystem as a context influencing development, it is
necessary to establish a causal sequence involving at least two steps: 1) connecting
events in the external setting to processes occurring in the developing person‟s
microsystem; and 2) linking the microsystem processes to developmental changes in a
person within that setting. The analysis of macrosystems involves the exploration of the
following: 1) the types of settings they contain; 2) the kinds of settings that persons
enter at successive stages of their lives; 3) the content and organisation of activities,
roles, and relations found within each type of setting; and 4) the extent and nature of
connections existing between settings entered into or affecting the life of the developing
person (Bronfenbrenner, 1979). The final phase of analysis in Bronfenbrenner‘s model,
chronosystem analysis, focuses on: 1) identifying the particular experiences that
influenced the person‟s development; and 2) the specific effects that these experiences
produced (Bronfenbrenner, 2005b). Table 11 summarises the ecological framework of
analysis.
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Table 11
Framework for analysis of contexts
Element
Microsystem

Descriptor
Activities and relationships within settings.

Mesosystem

Relationships between microsystems.

Exosystem

Settings which have power over children‘s lives, but in
which they do not participate.

Macrosystem

Ideological and institutional patterns of a particular
culture.

Chronosystem

Patterning of environmental effects and transitions over the
life course, as well as socio-historical circumstances.

Using this framework as a guide, I analysed the children‘s representations according to
the varying contextual elements contained within them, looking for evidence of the
different systems based on the identifiable characteristics noted in the framework above.
This analysis of the children‘s representations is presented in Chapter Five.

Analysis of relationship between content and context
Having carried out analysis relating to both content and context individually, I set about
to establish students‘ sense-making and representational understandings of measurement
within a matrix which would allow the data to be coded according to both content
knowledge development and degree of contextual richness, and as such, uncover any
emerging relationships between the development of content knowledge and the richness
of contextual information.
In developing the matrix for analysis, two existing frameworks related to
measurement were consulted as examples of how such a matrix might hold up. The first
of these was Mulligan, Prescott and Mitchelmore‘s (2004) stages of structural
development model (Table 12) which outlines four broad, sequential phases of structural
development evident in children‘s mathematical representations. This model was
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important for my study as it provided a useful example of how descriptions of
developmental stages may unfold in a sequential manner.

Table 12
Mulligan et al.‟s (2004) stages of structural development model
Stage
Pre-structural stage of
development

Description
Representations lack any evidence of mathematical or
spatial structure. Most examples show idiosyncratic
features.

Emergent, inventivesemiotic stage of
development

Representations show some elements of structure.
Characters or configurations are first given meaning in
relation to previously constructed representations.

Stage of partial structural
development

Representations show some aspects of mathematical
notation and/or spatial features such as grids or arrays
are found.

Stage of structural
development

Representations clearly integrate mathematical and
spatial structural features.

The second example framework consulted was Barrett, Jones, Thornton and Dickson‘s
(2003) profiles characterising students‘ thinking on length measurement (Table 13). This
model presents, in the form of a matrix, the general characteristics of students‘ responses
to the following perimeter task: ―Draw a rectangle with a perimeter that measures 24
centimetres.‖ The matrix demonstrates how varying applications of the processes
associated with the task result in different developmental profiles of length
measurement. This was crucial for my study because it gave me a starting point in
constructing a matrix which demonstrates how different combinations of both the
processes associated with measurement content and the contexts in which these
processes are embedded result in different profiles of children‘s measurement
understandings.
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Table 13
Barrett et al.‟s (2003) profiles characterising students‟ thinking on length measurement
Process

Drawing

Counting

Proportional
reasoning

Inference

Profile 1:
No units

Profile 2a:
Inexact units

Profile 2b:
Exact units

Profile 3:
Coordinated units

Draws her own
idiosyncratic
rectangle [it may
be just the image
of the card].

Draws a rectangle
that incorporates
hash marks along
each side. These
marks may be
unevenly spaced
and may vary
from side to side.

Draws a rectangle
that incorporates
hash marks along
each side. These
marks may vary
from side to side
but are uniform
along any one
side.

Produces a rectangle
without hash marks
and assigns a number
to each side. If asked,
she can identify
uniform-sized units
along each of the sides
among all sides.

Guesses to assign
numbers for the
length of the sides
of her rectangle or
counts finger-tips
while moving
along a side.

Counts the hash
marks as a basis
for establishing
her units.
Identifies dots,
hash marks, or
numbers when
asked to explain
her counting.

Counts spaces
between hash
marks to represent
the length of
individual sides.
Speaks of
counting spaces
along a given side,
but not along the
entire perimeter.

Anticipates a number
combination that will
produce a perimeter of
24 (e.g. 7 and 5).
Counting is
coordinated with the
iteration of a unit or a
collection of units to
ensure the number
combination is
achieved. Speaks of
counting spaces along
the perimeter.

Assigns a number
to each side but is
not able to justify
how the numbers
correspond to the
length of the sides
except by fingertap counting.

Assigns numbers
based on her units.
May even reassign
her units to target
a sum of 24.
Matches larger
numbers with
longer sides and
smaller numbers
with shorter sides.

Assigns numbers
based on her units
and may even
reassign her units
to target a sum of
24. Matches larger
numbers with
longer sides and
smaller numbers
with shorter sides.

Preserves length units
when dealing with the
various sides of her
rectangle. That is,
keeps the sides in
proportion by
coordinating each
length number on a
side with the drawing
of that side.

Guesses that the
perimeter may be
24, whether or not
her side measures
add up to 24.

Infers that the
perimeter must be
24. Sees no
inconsistency in
dealing with units
that are not
uniform among
sides.

Checks the sum of
the sides to see if
the perimeter is
24. If not, she
changes the size
of the units and
tries again to get a
perimeter of 24.

Infers an appropriate
number combination
that sets into play a
sequence of number
compensations
leading to further
cases of rectangles
with perimeter
measuring 24. Often
infers several
rectangles to yield
perimeter of 24.

Using these two models as inspiration, my resultant matrix has one axis which describes
the particular understandings and concepts students possessed or displayed while the
other axis describes the richness of the context in which the representation or scenario
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was embedded. From a measurement concept perspective, I evaluated the data in
relation to the framework for analysis of measurement content knowledge, with the
specific descriptors on this axis varying according to the particular measurement concept
I was focussing on. For example, when analysing the children‘s drawings of clocks,
these descriptors reflected a progression in understanding about time. Likewise, when
analysing the children‘s drawings of rulers, the descriptors were aligned with a
progression in understandings about length concepts. With respect to context, I made
decisions based on the framework for analysis of contexts, and the extent to which the
children were able to use applications of measurement understandings in relation to
personal contexts or experiences. For example, I would look for the degree to which the
children had included elements such as specific relationships, activities and settings
within their representations. As a consequence I was able to assess the data in relation to
both content knowledge and contextual richness. Investigations which utilise this
framework of analysis are presented in Chapter Six.

Looking forward, looking back
As demonstrated in this chapter, the methodological choices in this study were
deliberately made to allow for the representation of children‘s experiences with
measurement in a range of contexts. Attention to the mathematics discipline and the
extant literature about how children‘s understandings about measurement develop
guides the analysis of the content of the representations, while the ecological theoretical
underpinning of the study highlights the importance of the contexts depicted, and
provides a scaffold as to how those contexts can be analysed. Balancing analytical
approaches from these two domains has allowed me to design a study which attends to
the overarching themes of the research, and in doing so, potentially provides a rich
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exploration of the development of children‘s understandings about measurement, and
the contexts for this development.
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“Listen to their pictures.”

(Woleck, 2001, p.215)
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- Chapter Five -

VIEWING THE DEVELOPMENT OF CHILDREN’S
MEASUREMENT UNDERSTANDINGS AND THE CONTEXTS
FOR THIS DEVELOPMENT

Preamble
This chapter serves to unpack the first level of analysis in this study, that is, the analysis
of the children‘s representations of measurement content as well as the analysis of the
representations of contexts. As such, this chapter is divided into two main sections,
which are: 1) Children‘s representations of their developing measurement content
knowledge; and 2) Revealing the contexts for children‘s developing measurement
understandings. By analysing the children‘s responses in relation to these two separate
elements in this chapter, it lays the foundations for further analysis which explores the
relationship between these two elements, presented in Chapter Six.

Children‘s representations of their developing
measurement content knowledge
This section explores the interaction between research questions 1 and 3, namely: How
does measurement learning develop during the early years? (Content); and Can
representations evoke children‟s measurement understandings? (Representation).
Children‘s representations in the form of drawings, photographs and narratives are
analysed in relation to the measurement framework described in the previous chapter.
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Initially, I consider the understandings about measurement which children are
demonstrating in alignment with the framework, before offering a selection of data
which represents a ―disruption‖ to the framework and contests existing ideas about
young children‘s measurement understandings.

Awareness of measurement concepts and attributes
In this section I explore the children‘s responses to the photography task and the ―Draw
yourself measuring‖ task. Included in the discussion are the descriptions of the
photographs and drawings given by the children. Discussion is based on the
―Attributes‖ descriptor of the measurement framework, that is, Understanding that
objects have attributes which can be measured.

Understanding that objects have attributes which can be measured
With respect to the photography task, the photographs collectively represented the
following concepts: area; length; mass; money; speed; temperature; time; and volume
and capacity. As shown in Table 14, by far the most commonly photographed concept
was length, followed by volume and capacity and time. All eight children provided
photographs of both length and volume and capacity, while five out of the eight children
captured an image relating to time. Money was the most infrequently photographed
concept, and was actually only photographed by one child.
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Table 14
Measurement concepts represented in the photographs (N=8)
Measurement concept
Length
Volume and capacity
Time
Area
Mass
Speed
Temperature
Money
Total photographs

Number of photographs
60
25
16
6
7
2
9
2
127

% Frequency
100
100
62.5
37.5
37.5
37.5
25
12.5

In relation to the ―Number of photographs‖ category, the range of total photographs for
each of the eight children went from five to thirty individual images. In terms of the ―%
Frequency‖ category, all eight children (100%) provided photographs associated with
length and volume and capacity. By contrast, only one child (12.5%) provided a
photograph related to the concept of money.
Many of the children‘s photographs were of measuring instruments such as
rulers, scales, measuring cups, jugs and spoons. Children also photographed instruments
related to measuring temperature and other climatic conditions, including thermometers
and barometers. Additionally, children chose to photograph instruments measuring
speed, such as the speedometer in a car (see Figure 11) or on a stationary exercise bike.
These were among the most surprising in the data set, as speed is infrequently
recognised as a concept of measurement.
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Figure 11. ―That‘s the thing in the car that tells you how fast you‘re going.‖ (Zac)

Clocks featured strongly among the children‘s photographs, and included, interestingly,
both analogue and digital clocks. Other aspects of time which were recognised were
calendars and, unexpectedly, signs showing store trading hours. In a similar vein,
money was creatively represented through photographing the price tags on items in a
store. The children‘s photograph‘s also captured the notion of measuring different
attributes, for example the children measuring their own height as well as the heights if
others, the children using scales to see how much they weigh (see Figure 12), and food
being weighed within the context of cooking.
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Figure 12. ―I‘m measuring how much I am.‖ (Ethan)

With respect to the ―Draw yourself measuring‖ task, the 58 children who participated in
this task produced one drawing each. As shown in Table 15, the drawings collectively
represented the following concepts: area; length; mass; money; and temperature. As
with the photographs, length was the most commonly represented concept, followed by
area, mass and temperature respectively.

Table 15
Measurement concepts represented in the drawings (N=58)
Measurement concept
Length
Area
Mass
Temperature

7

Number of drawings
41
9
5
3

Does not total to 100% due to rounding.
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%7
71
16
9
5

In terms of the children‘s drawings, the 58 children tended to represent measurement
concepts in terms of length ideas (71%). This was not surprising because, as previous
research has indicated, length is the measurement concept most easily understood by
young children (Reys et al., 2007; Zevenbergen et al., 2004). This is likely because in
learning about measurement, children merge sensory and perceptual skills with
cognitive skills (Booker et al., 1997), and length is the most concrete, visual
measurement concept for children to perceive (Gifford, 2005). Unlike more abstract
measurement concepts such as mass or time, notions of length are generally tangible or
directly observable. As a result, the process of length measurement is also the most
tangible and direct measuring process for young children. Indeed, the majority of the
children in this study described their drawings as them finding out how ―tall‖ or ―long‖
the object being measured was. For example, Imogen described her drawing as ―I‘m
measuring a piece of paper. I‘m getting a ruler. I‘m finding out how long it is‖; while
Tallulah (Figure 13) explained ―I‘m measuring the tree with my tape measure to see
how tall it is.‖
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Figure 13. ―I‘m measuring the tree with my tape measure
to see how tall it is.‖ (Tallulah)

In addition to this notion of using measurement to ―find out‖ an object‘s properties,
some children described contextualised applications of measurement. These drawings
were highly personalised, with rich accompanying narratives. For example, Zofi drew a
picture of herself testing the temperature of the bath water in preparation for a bathing a
baby: ―I‘m measuring the bath and the baby‘s helping me. I‘m checking the water.‖
Interestingly, several students described using measurement when ―fixing‖ something,
for example Andrew, who explained ―You can measure the car sometimes when it‘s
broken. When you‘re finished measuring it you can race in it‖; and Jurre, who described
his drawing as ―This machine is measuring inside me. It is fixing my heart.‖
Despite the fact that the task asked children to ―draw yourself measuring‖, many
children showed measuring being carried out by others (usually their parents). Caitlin
drew: ―A brick wall and my Mum. She‘s measuring it to find out how big it is, with a
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measuring tape‖; while Annabelle (Figure 14) described her drawing as ―My Mum is
measuring me against the cupboard. She puts a pencil above my head.‖

Figure 14. ―My Mum is measuring me against the cupboard.
She puts a pencil above my head.‖ (Annabelle Ta.)

The activities described here provide children with the opportunity to communicate
their understandings about measurement, and encourages children to create their own
representations of the measurement activities in their everyday lives. These data
demonstrate that children encounter measurement concepts in various forms, and that
children are able to recognise these concepts in their everyday environments.
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Ability to compare measurable attributes
The comparison descriptions of the Measurement Framework are organised to reflect a
progression in understanding about comparison. To summarise this progression,
children‘s understanding develops from Understanding that the key idea is to compare
like attributes through to Comparing objects directly and Multiple comparisons of
objects. These comparison skills will be discussed in relation to children‘s responses to
the three comparison tasks implemented during the study, these being the ―Draw
something tall and something short‖ task, the ―Draw something heavy and something
light‖ task, and the ―Draw something hot and something cold‖ task.

Understanding that the key idea is to compare like attributes
With regard to the first task—―Draw something tall and something short‖—49 out of
the 52 students who completed this task were able to represent objects relating to the
attribute of height and identify whether an object was ―tall‖ or ―short‖. For example,
Brodie drew ―a short box and a tall box‖, while Lachlan (Figure 15) drew two cars,
explaining ―This car‘s short. This one‘s tall.‖

108

Figure 15. ―This car‘s short. This one‘s tall.‖ (Lachlan S.)

When considering the ―Draw something heavy and something light‖ task, children were
required to identify the attribute of mass by describing objects as either ―heavy‖ or
―light‖. 51 out of the 54 children who completed this task were able to do so, such as
Ella (Figure 16) who drew ―A big heavy bookshelf. A feather is light‖, and Annabelle,
who said ―A leaf is light. A rock is heavy.‖
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Figure 16. ―A big heavy bookshelf. A feather is light.‖ (Ella B.)

Finally, the third comparison task—―Draw something hot and something cold‖—asked
children to compare objects in relation to their temperature, describing the objects as
either ―hot‖ or ―cold‖. For example, Angel stated ―The sun is hot. Snowballs are cold‖,
while Blake said ―The pool is cold. Lava is hot.‖

Comparing objects directly
As evidenced by the preceding examples, children demonstrate a basic understanding of
comparison by applying dichotomous descriptors of an attribute to objects. However,
moving beyond this simplistic understanding is the notion of direct comparison, and the
use of more sophisticated comparative language. In the case of first task, direct
comparison of height could be evidenced by the positioning of the objects along a
common baseline. 41 out of the 52 children who completed this task were able to
represent objects in this manner and state which was the taller/shorter of the two, as did
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Brody in his drawing of himself next to a flagpole (Figure 17). Other examples included
Sarah, who drew a tree next to a volcano and stated ―the tree is taller‖, and Ella, who
described her drawing as ―This is me and a wall. I‘m taller than the wall.‖

Figure 17. ―That‘s when I went and saw an Australian flag and that‘s me.
The flag‘s taller than me.‖ (Brody)

When considering the second task—―Draw something heavy and something light‖—the
direct comparison of mass was evidenced by the children‘s descriptions of comparing
the masses of objects by lifting them – a process known as ―hefting‖ (MacDonald,
2010, see Appendix 14). For example, Blake (Figure 18) explained ―A cat is light and a
motorbike is heavy. I tried to pick up my cat once and it was light. I couldn‘t pick up
my motorbike because it was too heavy‖, while Lara described her drawing as ―A leaf –
I picked a leaf and it was really light. That‘s a brick and it‘s really heavy because I
picked up one and it was really heavy and I nearly dropped it.‖
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Figure 18. ―A cat is light and a motorbike is heavy. I tried to pick up my cat once and
it was light. I couldn‘t pick up my motorbike because it was too heavy.‖ (Blake M.)

Similar to the second task, direct comparison was evident in responses to the ―Draw
something hot and something cold‖ task through the children describing ―feeling‖
objects to compare their temperatures. For example, Jurre (Figure 19) described his
drawing as ―This is a sun with lots of arms and it is melting lots of ice blocks. The sun
is hot. The ice blocks are cold. I know that because I feeled [sic] them.‖ Similarly,
Blake drew ―Ice dripping into grass. It‘s cold because when I pick it up it feels cold.
This is some fire. It‘s hot because I saw bombs on TV, they burnt houses.‖
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Figure 19. ―This is a sun with lots of arms and it is melting lots of ice blocks. The sun
is hot. The ice blocks are cold. I know that because I feeled [sic] them.‖ (Jurre)

When making comparisons, a starting point for young children is often the idea of using
themselves as a benchmark – that is, deciding whether they are, for example, taller than
or shorter than, or heavier than or lighter than, the object being considered. As Bobis et
al. (2009) explain, children‘s natural baseline is their body. Interestingly, very few
children (9%) in this investigation actually did use themselves as a benchmark, and
those who did usually compared themselves to a familiar adult, such as their mother or
father. In doing so, these children are also showing a more advanced understanding of
comparison by demonstrating an ability to compare two similar objects. Often this
involved the comparison of familiar people, not always including themselves. For
example, Rhys described his drawing as ―My Dad is a little bit tall. Mummy is a little
bit shorter than Dad‖, while Leteasha drew a series of people and said ―Mum is tall. The
baby is shortest.‖ Other children chose to draw more generic objects, such as Annabelle
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who explained ―Big blocks are heavy, little blocks are light‖, or Brodie who drew ―A
short box and a tall box.‖ However, the majority of children were able to extend the
notion of comparison beyond comparing same objects to comparing different objects. In
some cases, the children did indeed use themselves as the basis for comparison, such as
Kyle, who drew a picture of himself and a monster and stated that ―the monster is taller
than me‖, or Lara who drew herself standing next to a tree showing the difference in
their heights. But more frequently, children drew two different objects and considered
their comparable attributes.

Multiple comparisons of objects
When considering progression in understanding about comparison, at the most
sophisticated level children demonstrate an ability to compare more than two objects.
The three comparison tasks given to the children did not explicitly ask them to draw
more than two objects, however many children in fact chose to do so.
The first task required children to make multiple comparisons of objects on the
basis of height. It was expected that the children represent their chosen objects in order
along a common baseline, identifying which was the tallest and/or shortest. While only
a small proportion of children‘s responses demonstrated this, it must be acknowledged
that the representation of more than two objects took some initiative on the child‘s
behalf. Chelsea achieved this with her drawing of four flowers shown in order of height,
and in her description she identified which was the tallest and which was the shortest
(Figure 20). Similarly, Caitlin drew three mermaids in order of height and identified
which mermaid was the tallest.
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Figure 20. ―This flower‘s the tallest. This is the shortest.‖ (Chelsea)

When looking at the responses to the ―Draw something heavy and something light‖
task, it is interesting to note that—unlike with the first task—very few students
extended the task to making multiple comparisons of objects. Some of these children
drew multiple objects and classified each of them in regards to ―heavy‖ or ―light‖
descriptors, such as Tahlia who explained her drawing as ―A flower is very light
because they are not heavy. I am heavy and so is the house. This bunny is also light. I
have seen a bunny before and you can hold it. You can‘t hold something that is heavy‖;
while others were able to use more sophisticated comparative language relating to the
ordering of objects, for example Andrew, who drew a cat, a ladder and a person and
stated ―The ladder is the heaviest.‖
Similar to the responses to the second task, there were also very few responses
to the ―Draw something hot and something cold‖ task which represented multiple
comparisons of objects. The majority of these responses were limited to simply drawing
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several objects and classifying them as ―hot‖ or ―cold‖, or in some cases, the additional
terms of ―very hot‖ and ―very cold‖, for example Brodie, who described his drawing as
―Rain is cold because when it touches you it feels cold. A fan is cold. The sun is hot. A
fire is hot. A pancake is cold. The fridge. An ice cream is cold. Pizzas are hot. Ice is
cold. Snow is cold, very very cold, it makes you freeze like ice.‖ A small number of
children showed a sense of ordering in their responses, such as Abby (Figure 21) who
explained ―This person is hot. This person is hot and cold – autumny [sic]. This person
is cold. They‘re outside and they don‗t know how to get home.‖

Figure 21. ―This person is hot. This person is hot and cold – autumny [sic]. This
person is cold. They‗re outside and they don‗t know how to get home.‖ (Abby)

As with the comparison of two objects, the comparing and ordering of three or more
objects can be considered at two levels: the comparing of same objects, and the
comparing of different objects. The children in this study demonstrated both. For
example, Wayne chose to draw ―a big rope, a short rope, and a middle-sized rope‖ and
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Abby drew three people of varying temperatures, whereas Ethan drew ―a building, a
giant, a lady beetle and a speck of dirt‖ in descending order of height.
Woven throughout this progression in understanding about comparison is the
ability to use the language of measurement in an appropriate manner. With only a small
exception, the children in this investigation were able to use language in both a
dichotomous manner (i.e. ―tall‖ and ―short‖), as well as in a comparative manner (i.e.
―taller than‖ and ―shorter than‖). Indeed, some children were able to use the appropriate
language in quite a complex manner, such as Blake, who described his drawing as: ―The
person is short and the sky scraper is tall. The monster is shorter than the skyscraper but
taller than the person‖, and Ella, who drew ―A pencil. The pencil is light. A cupboard.
The cupboard is heavy. The pencil is lighter than the cupboard because it is littler.‖ As
many of the children demonstrated this ability to appropriately use comparative
language prior to any formal teaching about measurement taking place, it can
reasonably be assumed that the ability to use such language has evolved out of
children‘s own informal, personal engagements with measurement. As was evidenced in
the drawings, the children have drawn upon a range of rich and personally significant
experiences in order to demonstrate their understanding of comparison.

Knowledge about unit structure and iteration
The units component of the Measurement Framework consists of three descriptors
which reflect a progression in understanding about units, this being Recognition of
units, Sequencing of units, and Equal partitioning of units. This progression in
understanding about units will be discussed in relation to children‘s responses to the two
tasks focusing on units: the ―Draw a ruler‖ task and the ―Draw a clock‖ task.
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Recognition of units
In relation to the first task—―Draw a ruler‖—at the most basic level of understanding
the children were able to recognise the units on a ruler by making reference to either the
numbers or the lines on a ruler. At this level, the children typically did not accurately
represent the units and instead attempted to show the units by using dots or similar, such
as Phoebe (Figure 22) who stated ―The ruler has numbers. The numbers are for
measuring how big they are.‖ Other children were able to describe their recognition of
units but were unable to represent this in their drawing, such as Krystal who said ―They
have numbers. We can count them. I don‗t know how to make the numbers on a ruler.‖

Figure 22. ―The ruler has numbers. The numbers are for
measuring how big they are.‖ (Phoebe)
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Similarly with the second task—―Draw a clock‖—at the most basic level of
understanding the children were able to describe either the numbers or the lines on the
clock, but had some difficulty in representing these. For example, Mikayla explained ―It
has numbers but I‘m not sure how to draw them‖, while Lilli (Figure 23) used circles to
represent the numbers on a clock, stating ―It has numbers to see what the time is.‖

Figure 23. ―I‘ve seen one at my house, in the lounge. We use it to see what the time is.
It has numbers to see what the time is.‖ (Lilli)

Sequencing of units
At the next level of understanding, the children showed evidence of units with a sense
of sequencing, but not necessarily evenly partitioned or with numbers in the correct
order. For example, in her response to the ―Draw a ruler‖ task, Hannah (Figure 24)
attempted to write numbers along one side of her ruler, explaining ―I put some numbers
on it so I know how big and small things are.‖ Jade also wrote numbers at one end of
her ruler, stating ―It has numbers on it to see how much it is. No, how long it is.‖
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Figure 24. ―I put some numbers on it so I know how big and
small things are.‖ (Hannah B.)

When looking at the responses to the ―Draw a clock‖ task, the children who represented
this level of understanding about units typically attempted to write numbers around the
outside of their clock face, but did not accurately represent the numbers 1 to 12 with
even partitioning, or in some cases, continued numbering beyond 12. For example,
Hannah (Figure 25) wrote numbers halfway around her clock and stated ―A clock has
10 numbers. The numbers are so you see what time it is‖, while Makaylee wrote the
numbers 1 to 12, but upon discovering that they did not go all the way around the clock
she continued the sequence of numbers, explaining ―It has numbers that go all the way
around. They don‗t stop, they have to go all the way around.‖
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Figure 25. ―A clock has 10 numbers. The numbers are so you see
what time it is.‖ (Hannah E.)

Equal partitioning of units
At the most sophisticated level of understanding, the children were able to demonstrate
equal partitioning of units and represent this is in a spatially appropriate manner, i.e.
along the full length of the ruler, or appropriately positioned around the clock face.
Additionally, when the children included numbers as representations of units, typically
the numbers were placed in the correct order. Blake (Figure 26) chose to represent the
units on a ruler by using equally partitioned lines, alternating between long and short
lines as is often seen on a standard ruler, and he was able to explain that ―The lines are
for the numbers that tell how big the paper is.‖ Similarly, Brandon marked evenlyspaced lines along the length of his ruler and also included a sequence of numbers in the
correct order, describing his drawing as ―I am measuring picture frames with my ruler.
It has numbers to tell me about them.‖
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Figure 26. ―I am measuring a piece of paper. I am using a ruler. Put the ruler down
and see how big the paper is. This is a ruler. The lines are for numbers that
tell how big the paper is.‖ (Blake W.)

With regard to the ―Draw a clock‖ task, many children were able to represent a
stereotypical clock face with some accuracy by evenly partitioning the numbers 1 to 12
around the clock face in a spatially appropriate manner. For example, Jade (Figure 27)
began by positioning the 12 and 6 in opposing positions on her clock face, then evenly
spaced the other numbers in between these. Many children also used lines to demarcate
the units on a clock face, such as Blake who described his drawing as ―This is a clock at
my home. It doesn‘t have numbers – it has little lines.‖
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Figure 27. ―That‘s the big hand and that‘s the little hand. It has numbers on it so
you know what time it is. I‘ve seen it in my house.‖ (Jade)

Disruptions to the framework
As the previous data has shown, many of the children in this study were able to
demonstrate understandings about measurement which aligned to the framework of
understanding for young children. However, there was a significant body of data from
both of the participant schools which represented ―disruptions‖ to this framework – that
is, the children were presenting knowledge and skills which were not in alignment with
the expected development for children of their age, and indeed, many of these
disruptions presented a sophistication of understanding beyond what would traditionally
be considered typical for their age.
One such disruption evident in the data was the integration of measurement
concepts. Rather than understanding measurement concepts such as length, mass, etc in
isolation, many of the children actually integrated concepts and in this way, used one
concept to understand another. For example, in her response to the ―Draw something
heavy and something light‖ task, Annabelle used her understanding of area to contribute
to her understanding of mass, explaining that ―Big blocks are heavy. Little blocks are
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light.‖ Lachlan similarly blended both area and mass in his ―heavy and light‖ drawing,
explaining that ―When things are big, they are heavy. The bigger they are, the heavier
they are.‖ As another example of using one measurement concept to understand another,
the following photograph (Figure 28), taken by Dallas, appears to show (from an adult
perspective) two bottles containing differing volumes of liquid. Dallas was indeed
trying to show this comparison, as became evident when discussing the photograph with
him:
Amy:

Why did you take a picture of the two cordial bottles?

Dallas:

Because of the height of what‗s inside, one‗s high and one‗s low.

As can be seen from Dallas‘ explanation, he was relating his understanding of length to
the concept of volume, referring to the ―height‖ of the liquid in each container.

Figure 28. ―One‘s high and one‘s low.‖ (Dallas)
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Another significant disruption was the children demonstrating an understanding of the
measurement process at the start of school, far sooner than would generally be expected.
When the children first completed the ―Draw yourself measuring‖ task at the beginning
of Kindergarten, it was evident from the children‘s drawings and descriptions that
despite the fact that the children had not engaged in any formal measurement learning
experiences at this point in time, their personalised engagements with various people
and in various contexts had contributed to an emerging understanding of the
measurement process. To begin, many of the children showed an understanding of using
direct comparison when measuring. Kody (Figure 29) was able to compare himself to a
big rock, explaining ―This is me against a big rock. The rock is bigger.‖

125

Figure 29. ―This is me against a big rock. The rock is bigger.‖ (Kody)

Similarly, Abby (Figure 30) compared the lengths of two pencils by placing them side
by side with the ends aligned: ―I am measuring two pencils. I put them beside each
other to see which is the longest.‖
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Figure 30. ―I am measuring two pencils. I put them beside
each other to see which is the longest.‖ (Abby)

The children also showed more sophisticated understandings of the measurement
process by moving beyond direct comparison to notions of using measuring tools.
Several children made reference to a generic ―measurer‖, for example, Emily-Rose
explained ―I‘m measuring a house with a measurer. You just put it on something and
see how long it is.‖ However, some of the children were able to describe using
standardised measuring tools including tape measurers and rulers, such as Chloe (Figure
31), who described her drawing as ―I‘m measuring a dog with a measuring tape to find
out how big it is.‖
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Figure 31. ―I‘m measuring a dog with a measuring tape to find
out how big it is.‖ (Chloe E.)

As Chloe‘s drawing shows, the children were also attempting to use notions of quantity
and units at this early stage. In Chloe‘s drawing, it can be seen that her measuring tape
has been represented as a sequence of numbers, which are equally partitioned. Lara
similarly showed a sequence of equally partitioned numbers on her measuring tape,
used to measure a tree (Figure 32).
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Figure 32. ―I am measuring my tree with a measuring tape. It is very tall.‖ (Lara)

A number of students were able to show more sophisticated understandings of
measuring than would be expected within the emergent measurement framework by
attempting to identify a quantity in relation to units. Kyra (Figure 33) used her
understanding of the measurement process to articulate a measurement of height: ―I am
measuring Mrs MacDonald. I use a pencil to draw a line against a measurer with a
giraffe on it – at my house. She is 6 metres tall!‖ Meanwhile, Brodie used his chosen
unit of years to when measuring two whales: ―I‘m measuring the Daddy whale and the
baby. The baby is 5 years old like me. The Daddy is 78.‖ Ben, who chose to photograph
the pool in his backyard, attempted to articulate the capacity of the pool by using a
familiar—albeit inappropriate—unit. When asked how much water was in the pool, Ben
replied: ―100 grams.‖
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Figure 33. ―I am measuring Mrs MacDonald. I use a pencil to draw a line against a
measurer with a giraffe on it – at my house. She is 6 metres tall!‖ (Kyra)

Importantly, there were some children who could demonstrate how their measurements
were reached. As shown in Figure 34, Jurre was able to line up the end of his measuring
tape with the end of the car in order to determine a measurement of 15, while Brodie
was able to articulate a process of counting units, saying that ―There are 33 spaces
around my car. I counted the spaces.‖
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Figure 34. ―I am measuring my car with a measuring tape. It went up to 15.‖ (Jurre)

While these formal units were, for the most part, used inappropriately, it is important to
note that even at this early stage of schooling the children could see a need for formal
units when measuring. Interesting applications of formal units included Willis (Figure
35) who explained ―I am measuring a clock tower with a long ruler. It is 16 kilometres‖;
and William, who described his drawing as ―I am measuring a clock with a measurer. It
is 12 megalitres.‖
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Figure 35. ―I am measuring a clock tower with a long ruler.
It is 16 kilometres.‖ (Willis)

As the data presented here has shown, the children in this study demonstrated many of
the skills described in the Measurement Framework at the commencement of school,
prior to any formal teaching about measurement taking place. Additionally, the children
were able to create images of the applicability of measurement, i.e. ―measurement in
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use‖, in a range of forms within a variety of contexts, and it was clear from the
children‘s drawings, photographs and narratives that these contexts had a significant
influence on the development of their understanding of measurement.

Revealing the contexts for children‘s developing
measurement understandings
In this section I explore the interaction between research questions 2 and 3, namely:
What experiences with measurement do children have in prior-to-school and out-ofschool contexts? (Context); and Can representations evoke children‟s measurement
understandings? (Representation). Children‘s representations in the form of
photographs, narratives and drawings are analysed in relation to the ecological
framework of analysis described in the previous chapter. This analysis is based on the
influence of Bronfenbrenner‘s five context systems, that is, microsystem, mesosystem,
exosystem,

macrosystem,

and

chronosystem.

By far, the most

evident of

Bronfenbrenner‘s five systems among the children‘s representations was the
microsystem, which is inherently logical, considering it is the system most immediate to
the individual child. As such, much of the ensuing discussion attends to the influence of
the microsystem. However, while less attended to by the children, it is important to
consider the influence of each of the other four systems in order to see how the different
experiences, environments and interactions within the children‘s microsystems have
been in turn shaped by wider contextual systems, offering an overall contribution to a
child‘s emerging understandings of measurement.

Microsystem influences
When considering the impact of a child‘s microsystem on the development of their
understandings about measurement, it is important to consider the activities in which
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children take part, the people with whom they interact, and the settings for these
activities and interactions. The children were able to represent a variety of activities and
interactions via their photographs, narratives, and drawings.
When considering the children‘s photographs, the activity which was
consistently represented was that of cooking, with five out of the eight children
representing this context. The children‘s photographs included images of themselves
and others carrying out the cooking activity, for example Paige‘s photograph of making
jelly (Figure 36).

Figure 36. ―We made jelly!‖ (Paige)

Through engagement with these measuring utensils, children are exposed to formal
units and the application of these units. Paige described using the units on a measuring
jug when making jelly:
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Amy:

Can you tell me what you did to make the jelly?

Paige:

We got some water and we got some stuff to make the jelly.

Amy:

How did you know how much water to put in?

Paige:

We used the measuring jug. It‘s got things on the side that tell you how
much is in it, the things you need to measure the water with.

Ethan similarly photographed a measuring cup being used while cooking, and he
explained its use during the follow-up interview:
Ethan:

It‘s a picture of a measuring cup.

Amy:

What do you use a measuring cup for?

Ethan:

You measure how much stuff is in it.

Amy:

How does it tell you how much stuff is in it?

Ethan:

It has numbers.

This dialogue reveals that through activities such as cooking, children experience formal
units of measurement in real-life, practical contexts. The interviews with the children
also revealed activities which influenced the children‘s understandings of measurement.
For example, Ethan recounted his experience of building a cubby house:
Amy:

Do you think that you do measuring at home?

Ethan:

Yes, when I‘m building stuff.

Amy:

Can you tell me about that?

Ethan:

We built our cubby house. And we did painting on it.

Ben recounted his experience of filling his family‘s new pool with water, which
revealed both a real-life engagement with volume and capacity as well as an attempt at
applying formal units:
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Amy:

Why did you take a picture of the pool?

Ben:

Because it was new.

Amy:

Did it have any water in it?

Ben:

Yeah, can‗t you see that line?

Amy:

Oh, the water goes to the line there does it?

Ben:

It overflowed!

Amy:

How much water did you put in your pool?

Ben:

100 grams.

Amy:

100 grams of water?

Ben:

Yeah, we turned the hose on and then we went inside and forgot about it
and it overflowed!

The children‘s drawings revealed additional activities which contributed to the
children‘s emerging understandings of measurement. A few of the more common
examples included playing with siblings, friends and pets; shopping/going into town;
building/construction; and, as with the photographs, cooking activities. For example,
Willis was able to draw a clock that he had seen while at a café in town: ―I was at a café
and I saw a big building with a clock on it. The clock has numbers and a big thing, the
handle. The handle points to the numbers and that tells you the time. The building clock
helps you tell the time if you don‗t have a clock with you.‖
The most common interactions depicted in the children‘s photographs were of
the children and various family members. These generally related to the concept of
length, with the images showing comparisons of lengths of hands and feet, as well as
comparison of heights. The interactions described during the interviews similarly
focused on engagements with family members, such as Ethan‘s description of his Dad
teaching him about measuring:
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Amy:

Did you know about measuring before you started school?

Ethan:

Yes.

Amy:

How did you know about it?

Ethan:

Dad told me.

Amy:

What did Dad tell you about measuring?

Ethan:

You need to count, and you can use your fingers.

A more diverse range of interactions were revealed in the children‘s drawings. As with
the photographs and narratives, interactions with parents and siblings featured strongly.
For example, when describing his drawing of a clock, Ethan explained ―Callan [his
older brother] helped me learn some times‖, while Makaylee said ―My Dad‘s been
drawing clocks on a piece of paper for me, showing me how to put numbers on it and
helping me tell the time.‖ However, there were also a greater number of representations
which included interactions with grandparents, friends and pets. Additionally, there
were a small number of representations which focused on the children‘s interactions
with teachers at school, such as William, who described his drawing of a ruler as ―I‘m
measuring a big bone. The bone is 5 metres. I counted how many steps on the ruler. Mrs
C [classroom teacher] showed me how to do it.‖
Most of the activities and interactions captured in the children‘s photographs
occurred within a home setting. Also included within the home setting were
photographs from the children‘s backyards, with photographs including images such as
showing that the shed is taller than the cubby house, or a swimming pool full of water,
relating to volume and capacity. The few photographs taken outside the home were
taken within a supermarket setting, and were taken by the one child. This set of
photographs, captured by Zac, represented a range of measurement concepts including
time, with a photograph of the store trading hours (Figure 37); volume and capacity,
with images of the various measurement utensils for sale in the supermarket; and mass,
with a photograph taken of the scales found in the fruit and vegetable section.
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Figure 37. ―That tells you what time the shop is open.‖ (Zac)

It is important to question, however, why only one child took the camera out of the
home environment. Were the parents afraid of the camera getting damaged? Was taking
the camera to the supermarket the child‗s idea or the parents? Interestingly, none of the
children chose to use their cameras while at school, even though they were not told that
they could not do so. Possibly, the children interpreted the task of taking a camera home
very literally, assuming that ―taking a camera home‖ meant it was to only be used at
home.
The interviews revealed several other settings which have influenced the
developing understandings of individual children. For example, Ethan talked about
learning about tall and short as a result of seeing an elephant at the zoo, and from seeing
different objects ―down the street‖; while Paige described the measuring activities she
observed when she went to work with her dad: ―He [Dad] needs to do measuring
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because he has to put in kitchens, that‘s his work. He has to have a big ruler, and he has
to put how big the stove is, or the sink, or the microwave, or something.‖
As indicated by the greater diversity of activities and relationships depicted, the
children‗s drawings revealed the broadest range of settings for their engagement with
measurement. Indeed, the home setting—in particular, the children‘s bedrooms and
kitchens—was still most frequently represented, but among the drawings were also
representations of friends‘ homes, shops/downtown, and the classroom. For example,
Emily-Rose‘s ―heavy and light‖ drawing was situated within the classroom, and she
described her drawing as follows: ―That‘s a heavy board, a blackboard, on the
classroom wall. That‘s Jada‘s [classmate] tote tray which is light.‖ Interestingly, the
children‘s drawings also included particular cultural locations, namely the Sydney
Opera House, the Sydney Harbour Bridge, and the Eiffel Tower.
It is clear that the children‘s understandings about measurement have been
influenced by a range of activities, interactions and settings within the children‘s
individual microsystems. However, an important consideration is how these
microsystems are connected, and the resultant influence on children‘s measurement
understanding.

Mesosystem influences
The influence of the mesosystem on a child‘s developing measurement understanding is
evident when the child is able to describe the connections between their understandings
in different settings, i.e. how measurement might be carried out in different places. In
the interviews conducted with a small selection of children, I asked the question ―Is
measuring at home different to measuring at school?‖ with the intent of discovering
whether or not the children were able to make connections between the two settings and
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describe any similarities and/or differences. For example, in my interview with Ethan,
he pointed out that a ruler is a formal measuring tool which is common to both settings:
Amy:

Is measuring at home the same as measuring at school?

Ethan:

Yes.

Amy:

Can you tell me why it‗s the same?

Ethan:

Because with both you can use a ruler.

Interestingly, Paige also observed measuring at home as being the same as measuring at
school due to the use of rulers in both settings. However, Dallas was of the opinion that
measuring at home was different to measuring at school because ―home‘s more safer.
You can do more things at home‖; while Andrew also believed that measuring at home
differed from measuring at school ―because there are different kinds of things to do.‖
These remarks suggest that children have some understanding about how their
engagements with measurement differ, or remain the same, across varying
microsystems. This indicates a heightened awareness of ―measurement in context‖, in
that the children are able to recognise measurement across contexts.

Exosystem influences
Exosystem analysis considers the constructs which have power over children‘s lives,
but in which the children themselves do not directly participate. Given that this is an
education study, of particular interest are constructs such as school organisation and
curriculum. The children themselves did not directly mention these, but it is important
to acknowledge the educational climate in which these children exist, which has
influence over them even though they may be unaware of it.
These children began school during a time of significant reform to curriculum
and assessment. Notable developments during this time included the NAPLAN and Best
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Start8 testing regimes, the My School website, and the release of the draft National
Curriculum. It is crucial to recognise that these constructs influence what and how the
children are taught at school, and the expectations of what children can and cannot do at
this early stage. Lowrie and Diezmann (2009) have cautioned that mandatory testing, in
particular, has been a powerful influence on what gets taught in classrooms, and to a
lesser extent on the methods of instruction. Furthermore, they express a concern that:
...elements of the curriculum that are not easily testable (and thus measureable), such as
open-ended problem solving, are at risk of being squeezed out of the classroom. Hence,
future curriculum standards could be lowered to allow more students to perform well in
standardised testing. (p.143)

The cautionary stance of Lowrie and Diezmann highlights the importance of
acknowledging the influence of exosystem constructs on the educational experiences of
the children in this study. However, it also important to acknowledge that these
constructs are a reflection of the broader culture—and the things that are valued by the
culture—in which these children exist.

Macrosystem influences
The analysis of macrosystems considers the ideological and institutional patterns of the
particular cultures in which children participate. When directing attention to the cultural
influences evident in the children‘s representations, it became clear just how influential
Western popular culture is on the development of understanding. Indeed, for many of
the children, when describing the specific activities which contributed to their
understanding they explicitly referenced movies, television shows and characters, such

8

The ‗Best Start‘ Kindergarten Assessment is a NSW Government initiative which requires Kindergarten
teachers to administer an assessment of literacy and numeracy for all Kindergarten students by the end of
Week 5, Term 1 (NSW DET, 2010).
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as Shrek, Bob the Builder, Care Bears, Wall-E, Thunderbirds, Indiana Jones, and Play
School. For example, Alisha made reference to Play School9 when drawing a picture of
a ruler: ―It‘s the kind that‘s on Play School. It has numbers.‖ Then, when drawing a
picture of a clock, Alisha stated ―I‘ve heard about clocks on Play School‖, and then
proceeded to sing ―Hickory Dickory Dock‖10 – a Play School favourite.
In addition to the influence of popular culture, the other cultural element in the
children‘s representations was the implicit familial and societal norms, particularly in
relation to the gendered nature of the activities in which the children participated.
Without exception, all of the cooking activities represented were depicted or described
as being carried out with the children‘s mothers, while all of the building or repairing
activities were undertaken with the children‘s fathers. This has important implications
for the notion of ―measuring‖, because it implies that measuring is gendered – that
certain measuring tasks must be completed by the ―appropriate‖ gender. McHale,
Crouter and Whiteman (2003) have suggested that research should be directed at
assessing the linkages between the kinds of gendered opportunities parents provide and
individual differences in children‘s development over time. It is speculated that
children‘s everyday gender-typed activities provide affordances for the acquisition of
gendered cognitive skills and social behaviours (McHale et al., 2003; Ruble & Martin,
1998). Certainly, this is a significant research issue worthy of exploration in its own
right; however, given the scope of this present research, the issue of gendered

9

Play School is an Australian educational television show for children. The show consists of activities,
songs and games, with a philosophy of encouraging a child ―to wonder, to think, to feel, and to imagine‖
(Australian Broadcasting Commission [ABC], 2008).
10

―Hickory Dickory Dock‖ is an English-language nursery rhyme, and the earliest published version is
said to be from about 1744 (I. Opie & P. Opie, 1997). The most common modern version is:
Hickory, dickory, dock,
The mouse ran up the clock,
The clock struck one,
The mouse ran down,
Hickory, dickory, dock.
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measurement activities will not be discussed in any greater detail within the bounds of
this thesis.
It is clear from the children‘s representation that the macrosystem permeates the
activities, interactions and settings in which children engage in a number of ways. It is
important to also recognise the fluid nature of these influences—in particular, popular
culture influences—and as such, recognise that the influence of the macrosystem
changes to reflect the broader cultural changes which occur over time.

Chronosystem influences
Finally, the chronosystem is representative of development over time. It considers how
a child‘s changing roles, relationships and environments over time, and the changing
socio-historical circumstances, affect their understandings of measurement. This notion
of development over time is crucial for this study, and is the reason for the children
completing the drawing activities on two occasions – once at the start of Kindergarten,
and again at the end of the Kindergarten year. Indeed, this notion of over time is of such
importance to this study that the repeated drawing tasks are the focus of the next
chapter, Chapter Six. As such, the children‘s development of understanding over time is
not going to be discussed in this section. Rather, I am going to look briefly at the
patterns of contextual influence during the one-year period.
As described earlier in this chapter, it was clear that the microsystem was the
contextual system which had the greatest observable influence upon the children‘s
understandings, and this remained consistent during the year of data gathering.
However, there were both changes and consistencies evident at a microsystem level. It
was clear that for most children, the elements of the microsystem which influenced their
understandings shifted over the course of the Kindergarten year. The children tended to
draw different activities, relationships and settings on the two occasions on which they
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completed each task. On the other hand, it was also clear that for a few children, the
elements of the microsystem which influenced their understanding remained consistent
despite the fact that a significant amount of time had passed. For example, when
Andrew first completed the ―Draw something tall and something short‖ task, the focus
of his drawing was Thunderbirds11 (see Figure 38): ―Thunderbird 2 is tall. That‘s
Thunderbird 1, the short one.‖ When he completed the task again later that year,
Andrew again was influenced by Thunderbirds (see Figure 39): ―Thunderbird 1 and
Thunderbird 3. Thunderbird 3 is little and Thunderbird 1 is big.‖

Figure 38. ―Thunderbird 2 is tall. That‘s Thunderbird 1, the short one.‖ (Andrew)

11

Thunderbirds is a British 1960‘s television program about an organisation created to help those in grave
danger using technically advanced equipment, including the Thunderbird machines. While the original
series continues to be aired, it has also inspired a number of subsequent television programs and films,
and the Thunderbirds franchise attracted a younger audience with the release of the 2004 film adaptation.
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Figure 39. ―Thunderbird 1 and Thunderbird 3. Thunderbird 3 is little
and Thunderbird 1 is big.‖ (Andrew)

Similarly, when Kyra first completed the ―Draw a clock‖ task, she described her
drawing as: ―The town clock. It has hands that tell the time. The hands point to the
numbers that go up to 12.‖ The influence of the town clock was again evident when she
completed her second drawing, which Kyra described as: ―It‘s lots of clocks. I saw a
town clock, it was at Woolworths [supermarket]. They have numbers up to 12 because
they go up to 12 minutes.‖
Clearly, change over time is a process unique to each individual child. However,
it is important to also recognise the patterns which emerge across individuals; hence, the
focus of the next chapter is on discovering patterns of development which emerge when
the nexus between measurement content and contexts for learning is explored.
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Looking forward, looking back
The children in this study have shown that they have highly sophisticated
understandings of measurement at the start of school. These understandings both align
with, and challenge, extant frameworks for the development of measurement
knowledge. Within an emergent measurement context, these children have shown
understandings about the measureable attributes of objects, comparisons of attributes,
and the application of units. With particular regard to units, it is important to note that
the children show a remarkable awareness of a range of formal units, including some
which they would not normally be expected to have an awareness of, i.e. megalitres. It
is also important to highlight that the children have individualised, idiosyncratic ways of
understanding measurement concepts, such as using one attribute to understand another,
i.e. comparing heights in order to compare volumes. Of crucial significance is that these
are the understandings which children have developed for themselves in prior-to-school
and out-of-school contexts, and educators must recognise and build on these existing
understandings so as to make the in-school measurement learning relevant and
meaningful.
There is also a need to acknowledge the prior-to-school and out-of-school
contexts in which these understandings develop. The children‘s representations have
shown that there are indeed nested systems of influence; although, by the far the most
observably influential of these is the individual child‘s microsystem. Clearly, the
activities, interactions, and settings in which children engage are rich with opportunities
to develop understandings about measurement; however the aspects of these systemic
influences which the children themselves identify with and attend to is highly
individualised, and children attribute their own meanings and interpretations to these
influential engagements.
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In order to thoroughly examine the influence of context on children‘s developing
understandings about measurement, it is important to engage Bronfenbrenner‘s notion
of the chronosystem – that is, the development of understanding over time. Thus, the
children‘s representations are re-examined from this perspective in Chapter Six which
follows.
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“...To interpret a body of data intelligently for any purpose, one
must always entertain...alternative interpretations of the data‟s
meaning.”

(Brewer & Hunter, 2006, p.18).
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- Chapter Six -

VIEWING THE NEXUS BETWEEN CONTENT AND
CONTEXT IN THE DEVELOPMENT OF CHILDREN’S
MEASUREMENT UNDERSTANDINGS

Preamble
This chapter explores the relationship between measurement content knowledge and
contextual richness in children‗s representations. Presented as a series of
investigations—each aligned to one of the six drawing tasks—this chapter addresses all
three of the study‘s research questions by focusing on the relationship between the
understandings of measurement represented by the children, the richness of the context
in which these understandings were embedded, and the development of this relationship
over the course of the Kindergarten year.
In order to establish children‘s sense-making and development of understanding,
a matrix of analysis was devised for each task based on the multi-level framework of
analysis described in Chapter Four. One axis describes the particular knowledge and
understandings of measurement displayed by the children (informed by the conceptual
literature examined in Chapter Two), while the other identifies the richness of context in
which the representation was embedded (informed by the literature in Chapter Three).
This framework of analysis allows the representations to be assessed in relation to both
content knowledge and contextual richness (MacDonald & Lowrie, 2011, see Appendix
15).
149

Investigation 1: The ―Draw yourself measuring‖ task
The ―Draw yourself measuring‖ task was completed by children during Phase 1
(February) and again during Phase 3 (October) of the study, with a total of 37 children
completing the task on both occasions. Table 16 provides a summary of the respective
features used to classify each of the 37 responses within a 2 x 3 matrix, while Table 17
offers an example spread of responses across the matrix. The responses presented as
examples are a mix of those collected in February and those collected in October due to
obvious representational and content changes, and the examples given have been chosen
to represent the most common response or feature.
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Table 16
Matrix for analysis of responses to the “Draw yourself measuring” task
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Table 17
Example classification of responses to the “Draw yourself measuring” task

At the first level of understanding—identification of measurable attributes—the
children typically stated that they were finding out ―how big‖ an object is, such as
Caitlin who described her drawing as ―She is measuring it to find out how big it is‖, or
that they were finding out the ―size‖ of an object, for example Annabelle (Figure 40)
who stated ―I‗m measuring the two horsies [sic] because I didn‗t know what size they
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were.‖ Distinctions between the contextual richness of responses were clear with regard
to the process of measuring, and, in particular, tools for measuring. Less-contextualised
responses generally made reference to an informal method of measuring, such as
Lachlan (Figure 41) who said ―You need to measure my picture with your arm‖, or a
generic ―measurer‖, for example Phoebe who explained ―I‘m measuring the flowerpot
with a measurer.‖ The more highly contextualised responses typically made reference to
using a formalised measuring tool, such as Brody who drew a ruler and said ―I‘m
measuring a computer, a snake, and a redback spider‖, or Chloe (Figure 42) who
described her drawing as ―I‘m measuring a dog with a measuring tape to find out how
big it is.‖

Figure 40. ―That‘s the house. I‘m measuring the two horsies [sic] because I
didn‘t know what size they were.‖ (Annabelle Ta.)
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Figure 41. ―You need to measure my picture with your arm.‖ (Lachlan S.)

Figure 42. ―I‘m measuring a dog with a measuring tape to find
out how big it is.‖ (Chloe E.)
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At the second level of understanding—use of suitable language—the children were able
to use language appropriate to the specific attribute they were measuring, i.e. explaining
that they were finding out how ―long‖ or ―tall‖ an object is. Interestingly, all responses
at this level of understanding showed highly-rich contextual information. This implies
that in order to use the language appropriate to the attribute being measured, the
children were reflecting upon the real-life circumstances in which they had experienced
the process of measuring. In addition to using appropriate language, these children were
able to identify the specific measuring tools used to measure the attribute, such as
Imogen (Figure 43) who described her drawing as ―I‘m measuring a piece of paper. I‘m
getting a ruler. I‘m finding out how long it is‖, and Jasmine, who explained ―I am
measuring my sister with a tape measure. I am the tallest.‖

Figure 43. ―I‘m measuring a piece of paper. I‘m getting a ruler.
I‘m finding out how long it is.‖ (Imogen)
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As can be seen in Table 18, when the task was first implemented in February, about
three-quarters (76%) of the children were able to demonstrate an awareness of
measurable attributes, while only about one quarter (24%) could use the language most
appropriate to the attributes they were measuring. As stated earlier, all of the children
who demonstrated Level 2 understanding were able to embed their knowledge within a
highly rich context, and indeed, at this early point in time more than half of the children
(62%) were displaying highly contextualised understandings. The classification with the
highest frequency of responses at this point in time was Level 1c (38%).

Table 18
Responses per category (N=37)

Interestingly, when the task was repeated in October there was very little change in the
distribution of responses across the matrix. On the second occasion, there were no
children whose drawings contained little or no contextual information, and the number
of children showing only moderate contextual richness more than halved, with a shift
from 32.5% down to 14%. However, there was only a slight increase in the number of
children demonstrating the highest level of understanding, from 24% up to 32%, and the
classification with the highest frequency was still Level 1c.
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When the individual children‘s responses from February and October are
compared (see Appendix 11), some interesting insights emerged. Firstly, 32% of the
children did not show any change in their understanding, despite that fact that they had
now been at school for nearly a year. Further to this, 20% of children actually decreased
their level of content knowledge; that is, they went from being able to use language
such as ―tall‖ and ―long‖ at the commencement of school, to instead using the generic
term ―big‖ later in the school year. However, it is also interesting to note that of the
children who did demonstrate an increase in their level of content knowledge, 63% also
demonstrated an increased ability to contextualise their understanding. For example,
when Lachlan first completed the task, his response was classified as Level 1a (see
Figure 41), but when he repeated the task, his increased ability to contextualise his
response resulted in Level 2c understanding (see Figure 44).

Figure 44. ―I can measure how high my car and house are. The car is 4 high and
the house is 8 metres high. I used my measuring stick.‖ (Lachlan S.)
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Investigation 2: The ―Draw something tall and something short‖ task
This task was completed by children during Phase 1 (February) and again during Phase
3 (October) of the study, with a total of 50 children completing the task on both
occasions. Children‗s responses to the ―Draw something tall and something short‖ task
are analysed using a matrix which considers both length concepts and contextual
richness. Table 19 provides a summary of the respective features used to classify each
of the 50 responses to within a 3 x 3 matrix, while Table 20 offers an example spread of
responses from both February and October.
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Table 19
Matrix for analysis of responses to the “Draw something tall and something short” task
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Table 20
Example classification of responses to the “Draw something tall and something short” task
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I was not surprised that students who demonstrated the most limited form of
understanding—basic recognition of the attribute—did not represent their ideas in a
highly rich vein. These students either named only one attribute, such as Emily-Rose‘s
drawing of ―A big box‖ (see Figure 45), or inappropriately named multiple attributes, as
Cooper (Figure 46) did in saying ―The road is tall and the person is short‖. Other
responses indicative of this level of understanding included Jada, who drew ―A tall
stack of boxes‖, and Nick, who described his drawing as ―A big dog‖.

Figure 45. ―A big box.‖ (Emily-Rose)
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Figure 46. ―The road is tall and the person is short.‖ (Cooper)

In relation to the next category of understanding—comparisons of lengths—a few
students were able to represent direct comparison of length with only marginal
contextual richness, such as Lachlan (Figure 47) who explained ―This car‘s short. This
one‘s tall‖, and Stacey who drew different colours on the page and said ―The purple is
tall. The red is short.‖ However, the majority of responses demonstrating comparison of
two lengths embedded either moderate or highly contextual information in their
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representation, as Tallulah did in her drawing of a rainbow flower and a tree (see Figure
48) and Brody did when drawing himself standing next to a flagpole (see Figure 49).
The main differences between contextual richness classifications at this level of
understanding were the evidence of real-life circumstances, as well as the children
identifying themselves within the representations. Other examples included Ella, who
explained ―This is me and a wall. I‘m taller than the wall‖, Kyle, who described his
drawing as ―This is a monster and he is going to catch me. The monster is taller than
me‖, and Nathan, who drew ―A big tall hotel and a normal person who is short
compared to the hotel.‖

Figure 47. ―This car‘s short. This one‘s tall.‖ (Lachlan S.)
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Figure 48. ―A rainbow flower and a tree. The rainbow flower is shorter than the
tree and the tree is taller than the flower.‖ (Tallulah)

Figure 49. ―That‗s when I went and saw an Australian flag and that‘s me.
The flag is taller than me.‖ (Brody)
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At the most sophisticated level of understanding—multiple comparisons of lengths—we
see the most profound difference between poorly-contextualised responses and highlycontextualised responses. Very few responses at this level of sophistication were able to
provide multiple comparisons with little or no contextual information, such as Wayne
(Figure 50) who described his drawing as ―A big rope, a short rope, and a middle-sized
rope‖, and Caitlin who drew three mermaids and stated ―This one‘s the tallest.‖ Rather,
the majority of the responses at this level of understanding showed moderate or high
contextual richness, such as Blake‘s drawing of a monster, a person and a skyscraper
(Figure 51), as well as evidence of the child themself in the drawing, such as Jurre‘s
drawing described as ―This is my short dog. This is me. I am short. This is my Dad. He
is tall. He is kicking a ball.‖ The most sophisticated responses demonstrated a sense of
logic in their comparisons, such as Nathan (Figure 52) who showed the Sydney Opera
House, ―the bridge‖, and an ant appropriately ordered from tallest to shortest.

Figure 50. ―A big rope, a short rope, and a middle-sized rope.‖ (Wayne)
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Figure 51. ―The person is short and the skyscraper is tall. The monster is shorter than
the skyscraper but taller than the person.‖ (Blake W.)

Figure 52. ―The Sydney Opera House is tall. Really big. It is a bit
smaller than the bridge, but it is taller than everything else.
This ant is really short and small.‖ (Nathan)
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As shown in Table 21, when the task was first implemented in February, the majority of
the children (84%) were able to demonstrate understandings beyond just recognition of
the attribute of length, with 60% of children able to show a comparison of lengths and
24% of children able to show multiple comparisons of lengths. A similar distribution
was evident in terms of contextual richness, with the majority (68%) embedding either
moderately or highly rich contextual information in their drawings. This similarity in
the spread across both axes is evidenced by the classification with the highest frequency
– Level 2b, the central component of the matrix.

Table 21
Responses per category (N=50)

When the task was repeated in October, the number of children displaying only Level 1
understanding halved to just 8%, with 92% displaying Level 2 and Level 3
understanding. Interestingly, of the 92% who showed these levels of understanding,
93% also embedded their understanding in either moderately or highly rich contexts,
and the percentage of children demonstrating the highest level of contextual richness
doubled to 40%.
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Investigation 3: The ―Draw something heavy and something light‖ task
This investigation explores the children‘s responses to the ―Draw something heavy and
something light‖ task which implemented in Phase 1 (February) of the study and again
in Phase 3 (October), with a total of 49 children completing the task on both occasions.
Table 22 outlines the features used to classify each of the 49 responses within a 3 x 3
matrix, while Table 23 demonstrates an example spread of responses across the matrix.
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Table 22
Matrix for analysis of responses to the “Draw something heavy and
something light” task
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Table 23
Example classification of responses to the “Draw something heavy and something light” task
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At the first level of understanding—recognition of the attributes of mass—the children‘s
responses were typically limited to a description of an object as either ―heavy‖ or
―light‖, such as Chloe who drew rocks and said ―They‘re heavy‖, and Mekenzie who
drew concrete and explained ―It is heavy.‖ All of the responses at this level of
understanding included moderately rich contextual information which added detail as to
how judgments about the object‘s attributes were made, for example, Ella (Figure 53)
described her drawing as ―This is a heavy flower because it has grown too much.‖

Figure 53. ―This is a heavy flower because it has grown too much.‖ (Ella L.)

At the next level of understanding—comparison of masses—the children were able to
directly compare two objects and describe which object is heavy and which object is
light. Variations according to contextual richness were identifiable at this level of
understanding. When including little or no contextual information in their response, the
children typically just described which object was heavy and which was light, for
171

example Annabelle (Figure 54) who explained ―Big blocks are heavy. Little blocks are
light‖, and Hannah, who stated ―A house is heavy. A baby rabbit is light.‖ The more
contextualised responses generally included more specific information about the objects,
or made reference to particular people, places, or events, such as Lachlan (Figure 55)
who described mowing the lawn with his father. Additionally, responses which
contained moderately or highly rich contextual information tending to show detail about
how the comparison was carried out – typically, this involved the process of hefting,
whereby the children described lifting the objects to compare their masses. For example,
Andrew (Figure 56) described his drawing as ―A V8 supercar. I drew it because it‘s
heavy. I know it‘s heavy because you can‗t even lift it up. An apple, it‘s light. I know
it‘s light because when you hold it, it feels light.‖ Similarly, Hannah explained ―A hotel
is heavy because you can‘t pick it up. A feather is light because my chook lost a feather.
I picked it up and it was light.‖

Figure 54. ―Big blocks are heavy. Little blocks are light.‖ (Annabelle Tr.)
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Figure 55. ―A lawnmower is light. I‘m pushing it. Daddy lets me mow all
by myself. Daddy‘s lifting a tractor. It‘s heavy. Daddy can lift anything
that‘s heavy and fix anything.‖ (Lachlan K.)

Figure 56. ―A V8 supercar. I drew it because it‘s heavy. I know it‘s heavy
because you can‘t even lift it up. An apple, it‘s light. I know it‘s
light because when you hold it, it feels light.‖ (Andrew)
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The highest level of understanding required the children to make multiple comparisons
of masses, and a number of children were indeed able to achieve this despite the fact
that the task did not explicitly as them to do so. At this level of understanding the
children depicted three or more objects, and were able to use language such as ―heavier
than‖ and ―lighter than‖, such as Zac (Figure 57) who explained ―A weight is heavier
than a brick. Paper is light‖, and Willis, who said ―A brick is heavy. A car is heavier. A
snail is light.‖ The more contextualised responses tended to include more sophisticated
comparisons, with some children even ordering objects, such as Lachlan (Figure 58)
who described his drawing as ―These are carrots. Some are little and some are big.
Carrots are light, but the biggest one is heavy. When things are big, they are heavy. The
bigger they are, the heavier they are.‖ At the highest level of contextual richness the
children drew on meaningful events when making comparisons among objects, for
example Brody (Figure 59) who described his experience of dismantling a shed, and
comparing the weights of the different pieces of the shed. Additionally, as with the
second level of understanding, the children who provided more contextualised
responses also tended to describe using the process of hefting to make comparisons of
masses. For example, Abby drew a picture of herself, her Mum, and her pets, and
explained how she compared their masses: ―I can weigh things to see if they are heavy
or light. If I can‘t lift something it is heavy. If I put things in my hands and weigh them,
the hand that goes down is the heaviest.‖
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Figure 57. ―A weight is heavier than a brick. Paper is light.‖ (Zac)

Figure 58. ―These are carrots. Some are little and some are big. Carrots are
light, but the biggest one is heavy. When things are big, they are
heavy. The bigger they are, the heavier they are.‖ (Lachlan K.)
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Figure 59. ―This is my shed. I pulled it and it broke down. The bits
of the shed were heavy. All the big pieces of tin are really,
really heavy. The little pieces were light.‖ (Brody)

When the task was first completed in February, only a small number of children (8%)
demonstrated Level 1 understanding, while the majority (75.5%) were able to compare
the masses of two objects (see Table 24). At this early stage, most of the children
(63.5%) demonstrated little contextual information in their responses – that is, they
generally just drew objects and described them as either heavy or light. Indeed, the
classification with the highest frequency when the task was first completed was Level
2a – comparison of masses, with little or no contextual information.
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Table 24
Responses per category (N=49)

As shown in Table 24, when the task was repeated in October, there was a substantial
increase in the number of children demonstrating the highest level of understanding,
Level 3 – from 16.5% up to 47%. Increasingly, children achieving this level of
understanding were also incorporating contextual information in their responses;
although, there was still a number of children (18.5%) who could demonstrate
sophisticated understandings with little or no contextual information. However, when
the children were comparing the masses of two objects (Level 2) there was a reversal in
the distribution of responses according to context, with high percentages of children
demonstrating either moderately or highly rich contextual detail (18.5% and 26.5%
respectively). The implication of this is that rather than simply describing the objects as
being either heavy or light, the children were now demonstrating a greater ability to
explain how the comparison was made, and the experiences which contributed to their
ability to make the comparison.
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Investigation 4: The ―Draw something hot and something cold‖ task
The ―Draw something hot and something cold‖ task was first implemented during Phase
1 (February) of the study, and again during Phase 3 (October). A total of 39 children
completed the task on both occasions. Table 25 outlines the features used to classify the
39 responses, while Table 26 provides examples of this classification (a mixture of
responses from February and October).
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Table 25
Matrix for analysis of responses to the “Draw something hot and something cold” task
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Table 26
Example classification of responses to the “Draw something hot and something cold” task
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With regard to the first level of understanding—recognition of the attributes of
temperature—only a very small number of children showed this limited degree of
understanding, and all of these children positioned their understanding within either a
moderate or highly rich context. Students demonstrating this degree of understanding
typically drew only one object and described it as being either ―hot‖ or ―cold‖, and gave
some background information as to how this description was determined. If more than
one object was drawn, generally only one of the objects was specifically described in
relation to temperature. For example, Annabelle (Figure 60) described her drawing as
―A fire is hot. We made a fire with blocks around it and put sticks in that we got on fire.
We could feel that it was hot‖, while Kodi (Figure 61) explained ―That‘s where we
cook. It‘s hot. That‘s an open fridge.‖

Figure 60. ―A fire is hot. We made a fire with blocks around it and put sticks in that
we got on fire. We could feel that it was hot.‖ (Annabelle Ta.)
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Figure 61. ―That‘s where we cook. It‘s hot. That‘s an open fridge.‖ (Kodi)

At the next level of understanding—comparison of temperatures—the children were
able to draw two objects and determined whether each object was ―hot‖ or ―cold‖.
However, there were clear distinctions between responses of varying contextual
richness. When the responses consisted of little or no contextual information, they were
typically limited to just a description of the objects being compared. For example,
Chelsea (Figure 62) described her drawing as ―The ice cream is cold. The sun is hot‖,
and Brandon similarly drew ―The sun. This one‘s really hot. Ice. This one‘s really
cold.‖ When looking at the responses which incorporated moderately rich contextual
information, there was greater reference to how the descriptions of the objects were
determined. Annabelle (Figure 63) drew ―Pancakes, because they are hot when they are
first cooked. Milk, because the fridge makes it cold‖, while Andrew explained ―The
fridge is cold because when you open it you feel the cold. Fire is hot because it has
flames.‖ As evidenced in Andrew‘s explanation, children demonstrating this level of
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understanding often made reference to ―feeling‖ the temperatures of the objects. This
was increasingly evident in the more highly contextualised responses. For example,
Cooper explained ―Where you cook—the stove—is hot. I know it‘s hot because the
food gets hot and turns brown. The ice cream is cold. Sometimes I feel the ice cream
and it‗s freezing!‖, while Phoebe (Figure 64) similarly described ―feeling‖ objects in her
description: ―Strawberries are cold because when you feel them they feel cold. We keep
them in the fridge. The sun is very, very hot because you would die if you touch it
because it is so hot.‖

Figure 62. ―The ice cream is cold. The sun is hot.‖ (Chelsea)
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Figure 63. ―Pancakes, because they are hot when they are first cooked.
Milk, because the fridge makes it cold.‖ (Annabelle Ta.)

Figure 64. ―Strawberries are cold because when you feel them they feel cold.
We keep them in the fridge. The sun is very, very hot because you
would die if you touch it because it is so hot.‖ (Phoebe)
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Moving beyond the comparison of two objects, the third level of understanding requires
children to consider the temperatures of three or more objects. As with the second level
of understanding, there were clear differences between poorly and highly contextualised
responses. When the responses contained only minimal contextual information, the
children generally considered the objects‘ temperatures in relation to one another but
still only labelled the objects as being ―hot‖ or ―cold‖. For example, Jade drew a
number of items, and grouped them by saying ―These are the hot things‖ and ―These are
the cold things‖, while Zac (Figure 65) described his drawing as ―Campfires are hot.
The stones around it are hot. Ice is cold.‖ Typically, the more contextualised responses
showed a sense of ordering the objects according to their temperatures, such as Abby
(Figure 66) who explained ―This person is hot. This person is hot and cold – autumny
[sic]. This person is cold. They‘re outside and they don‘t know how to get home‖, and
Nathan (Figure 67) who described his drawing as ―That‘s an oven, it‘s really hot ‗cause
people have been cooking food and they really like hot food so they put the temperature
really high. This is wind, it‘s cold ‗cause it came from the North Pole, then it gets colder
‗cause the weather here gets colder.‖

Figure 65. ―Campfires are hot. The stones around it are hot. Ice is cold.‖ (Zac)
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Figure 66. ―This person is hot. This person is hot and cold – autumny [sic]. This
person is cold. They‘re outside and they don‘t know how to get home.‖ (Abby)

Figure 67. ―That‘s an oven, it‘s really hot ‗cause people have been cooking food
and they like really hot food so they put the temperature really high. This is
wind, it‘s cold ‗cause it came from the North Pole, then it gets colder
‗cause the weather here gets colder.‖ (Nathan)
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As can be seen in Table 27, when the task was first completed at the start of
Kindergarten, the majority of children (92%) were able to demonstrate either Level 2 or
Level 3 understanding, and by the time the task was repeated in October, this had
increased to 100% of the children. However, there was not a great change in distribution
between the two levels, despite the fact that the children had now been at school for
nearly a whole year. Additionally—unlike the other tasks in this study—the children‗s
ability to contextualise did not have as much of a pronounced impact on the
sophistication of their understanding, with only 36% of the children whose content
knowledge increased also showing an increase in contextual richness. There was,
however, a notable increase in the proportion of highly contextualise responses (from
21% up to 46%), and while this did not have a profound impact on understanding, what
it does offer is greater insight into how it is that the children are able to understand the
concept at the level which they do.

Table 27
Responses per category (N=39)
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Investigation 5: The ―Draw a ruler‖ task
This task was completed by children during Phase 1 (March) and again during Phase 3
(November) of the study, with a total of 60 children completing the task on both
occasions. Table 28 provides a summary of the respective features used to classify each
of the 60 responses to the ―Draw a ruler‖ task. Table 29 provides an example of the
spread of responses across the matrix of analysis. The examples shown are a mixture of
responses collected during March and November.
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Table 28
Matrix for analysis of responses to the “Draw a ruler” task
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Table 29
Example classification of responses to the “Draw a ruler” task
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Interestingly, no responses were classified as being Levels 1c, 3a, or 3b. This outcome
suggests that in order for children to provide a highly contextualised description their
response must go beyond simply recognising the attributes of a ruler; and that this is
inversely proportionate, that is, in order to demonstrate sophisticated understanding, the
concept must be positioned within a highly rich context.
With this in mind, I was not surprised that students who demonstrated the most
limited form of understanding—recognition of the attributes of a ruler—did not
represent their ideas in a highly rich vein. These students showed a basic understanding
of a ruler and its attributes, for example Nick (Figure 68), who was able to represent the
shape of a ruler but was unable to give any description or explanation. Other children
were able to provide some background information, usually pertaining to where they
had seen a ruler. Responses such as these included Phoebe (Figure 69), who described
her drawing as ―This is a measure and it is measuring a house. The dots are the
numbers‖, and Lachlan, who also showed a house being measured.

Figure 68. Nick‘s drawing (no description given).
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Figure 69. ―This is a measurer and it is measuring a house.
The dots are for the numbers.‖ (Phoebe)

At the next level of understanding—sequencing of numbers—only two children were
able to represent a ruler showing sequencing of numbers with only marginal contextual
richness. These responses consisted of Jade (Figure 70), who described her drawing as
―It is a long ruler. It has numbers on it to see how much it is. No, how long it is‖, and
Adit, who was able to explain that ―A ruler has numbers.‖ All other responses
demonstrating sequencing of numbers on their ruler embedded either moderate or highly
contextual information in their representation, such as Andrew (Figure 71), who
explained ―If you put sticky tape on it, it helps you remember where you are up to. You
see these numbers on a ruler‖, and Harry (Figure 72) in his elaborate drawing and
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explanation of the many different rulers he has encountered both in- and out-of-school:
―This is the classroom ruler. It‘s straight and it has numbers on it. This is my Grandma‘s
ruler. It‘s swirly so you can make round things. This is also my Grandma‘s ruler.
Sometimes she measures stuff and sometimes I measure stuff. Sometimes she doesn‘t
want me to touch it.‖ Real-life circumstances were increasingly evident at this level of
understanding, as evidenced by Chloe, who explained her drawing as ―I‘m standing on a
chair and measuring Mum‖, and Emily-Rose, who gave the description ―My Dad‘s in
the camping house measuring wood. He wants to measure it every day. He‘s going to fix
the bird cage.‖

Figure 70. ―It is a long ruler. It has numbers on it to see how much it is.
No, how long it is.‖ (Jade)
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Figure 71. ―If you put sticky tape on it, it helps you remember where you are up to.
You see these numbers on a ruler.‖ (Andrew)

Figure 72. ―This is the classroom ruler. It‘s straight and it has numbers on it. This is
my Grandma‘s ruler. It‘s swirly so you can make round things. This is also my
Grandma‘s ruler. Sometimes she measures stuff and sometimes I measure
stuff. Sometimes she doesn‘t want me to touch it.‖ (Harry)
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The most profound difference between poorly-contextualised responses and highlycontextualised responses can be seen at the most sophisticated level of understanding–
ordering of numbers/equal intervals. No responses at this level of sophistication were
able to provide multiple comparisons with little or moderate contextual information. All
of the responses at this level of understanding showed high contextual richness, and
these drawings stood out as having increased evidence of real-life circumstances, as well
as a demonstration of the usefulness of rulers. In Willis‘ drawing (Figure 73), not only
do we see a ruler with numbers accurately represented and equally partitioned, we see a
real-life situation in which a ruler has been used: ―I put some numbers. They help us
find how long and how short things are. I‘ve seen my Daddy use a long ruler before, to
measure the door. He took the front flyscreen door out to put new gauze in. He had to
measure it to see how much gauze to use.‖ Zac produced a similarly rich representation,
explaining: ―It has numbers and lines. They help us measure things. I‘m measuring a
board, a big board, with a ruler, at my house.‖
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Figure 73. ―I put some numbers. They help us find how long and how short
things are. I‘ve seen my Daddy use a long ruler before, to measure the
door. He took the front flyscreen door out to put new gauze in. He
had to measure it to see how much gauze to use.‖ (Willis)

As can be drawn from Table 30, when the task was first implemented in March, 24 out
of 32 students (75%) were able to demonstrate levels of understanding beyond simple
recognition of the attributes of length, despite the fact they had only been at school for a
short period of time and had received no formal instruction in this area. However, only
8 out of 32 students (25%) demonstrated the highest level of understanding at this early
stage. Interestingly, 56% of students were able to represent their ideas in a highly rich
vein at this early stage. The classification with the highest frequency at this early stage
was Level 2c – that is, comparison of lengths in addition to identifying the basic
attributes of length, with high contextual richness.
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Table 30
Responses per category (N=32)

Mar

(c) High context
(b) Moderate context
(a) Low context

Total
Nov

(c) High context
(b) Moderate context
(a) Low context

Total

Level 1:
Recognition
of attributes

Level 2:
Sequencing
of numbers
10 (31%)
4 (13%)
2 (6%)
16 (50%)

Level 3:
Ordering of
numbers/
Equal intervals
8 (25%)
0 (0%)
0 (0%)
8 (25%)

0 (0%)
4 (13%)
4 (13%)
8 (25%)

18 (56%)
8 (25%)
6 (19%)
32 (100%)

0 (0%)
1 (3%)
1 (3%)
2 (6%)

14 (44%)
0 (0%)
0 (0%)
14 (44%)

16 (50%)
0 (0%)
0 (0%)
16 (50%)

30 (94%)
1 (3%)
1 (3%)
32 (100%)

Total

The task was then repeated in November. Now nearing the end of their Kindergarten
year, the children had experienced some formal learning about length, and also had an
increased awareness of length due to their participation in the activity earlier in the year.
As can be seen in Table 30, there was an increase in the number of children
demonstrating Level 3 understanding in their representations. While 25% of students
demonstrated Level 3 understanding in March, by November 50% of students
demonstrated this level of sophistication in their representations of length. Another
significant shift occurred with regard to Level 1. When the task was first completed in
March, 25% of students were demonstrating Level 1 knowledge, and this decreased to
only 6% when the task was repeated in November.
It can be seen in Table 30 that all of the children who demonstrated the highest
level of understanding, both in March and in November, also displayed a high degree of
contextual richness. It is also important to note that when the individual students‘
classifications from March and November were compared (see Appendix 11), 57% of
children whose content knowledge improved also demonstrated increased contextual
richness in their representations. For example, when Lachlan completed the task on the
first occasion, his response was classified as Level 1b (see Figure 74), however, when
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Lachlan repeated the task later in the year, his increased ability to contextualise also
increased the sophistication of his content knowledge, with his response being classified
as Level 3c (see Figure 75).
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Figure 74. ―My long ruler measures the house.‖ (Lachlan S.)

Figure 75. ―I am using numbers to measure my car. It is 3 metres high.‖ (Lachlan S.)
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Investigation 6: The ‗Draw a clock‘ task
This investigation explores the children‗s responses to the ―Draw a clock‖ task which
was implemented in Phase 1 (March) of the study then again in Phase 3 (November). A
total of 57 children completed the task on both occasions. Table 31 provides a
summary of the respective features used to classify each of the 57 responses to
within a 4 x 3 matrix. Table 32 offers an example of the spread of responses across the
matrix. The responses presented as examples are a mix of those collected in March
and those collected in November.
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Table 31
Matrix for analysis of responses to the “Draw a clock” task
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Table 32
Example classification of responses to the „Draw a clock‟ task
Level 2: Sequencing of numbers

Level 3: Partitioning of numbers

Level 4: Recording of times

(c) High context

Level 1: Recognition of attributes

―It is an alarm clock. It is for waking me up. It goes
when both the hands are on 12.‖

―A clock tower. I saw one at the supermarket. It
has numbers to 12.‖

―It is 6 o‘clock because one hand is on the 12 and one
hand is on the 6. I only know times with a 12 in them. I
have a little Shrek clock in my bedroom and it looks
like that. Callan helped me learn some times.‖

―I‘ve got a pink clock at home. It‘s got numbers.‖

―My clock has numbers on it. This is a town clock so it
has windows. These things show the time.‖

―It‘s a clock that goes ‗ding‘ when you have to
wake up. It goes up to 28. It‘s a big clock. It has
hands that tell you the time.‖

―I did a town clock. It‘s a brown one. I drew numbers.
It‘s 12 and 6 – 6 o‘clock.‖

―It has numbers, ten numbers.‖

―The clock has numbers and a thing that goes
around, all the way. It has 12 numbers. I started
with the 12 because clocks start on 12.‖

―My clock has numbers and hands. It tells the time.
The big hand moves around every hour. The little hand
goes around the numbers. At 6 o‘clock the little hand is
on the 6 and the big hand is on the 12.‖

(a) Limited context

(b) Moderate context

―I saw it up at home, up on the wall in my room.
It wakes me up ‗cause it goes ‗ding ding ding‘. It
has numbers.‖

―It has numbers but I‘m not sure how to draw
them. The legs [sic] in the middle tell the time.
They go round and around and around. They point
to the numbers.‖
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Most of the children who demonstrated the least sophisticated form of understanding—
recognition of the attributes of a clock—generally represented the stereotypical shape of
a clock, consisting of a vaguely circular figure. Additionally, children at this level of
understanding were able to identify components of clocks such as numbers and hands
(also referred to as arrows, handles, pointers, and legs [sic]) (see Figures 76-78).

Figure 76. ―It has numbers but I‘m not sure how to draw them. The legs [sic]
in the middle tell the time. They go round and around and around.
They point to the numbers.‖ (Mikayla)
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Figure 77. ―I‘ve got a pink clock at home. It‘s got numbers.‖ (Tora)

Figure 78. ―I saw it up at home, up on the wall in my room. It wakes me up
‗cause it goes ‗ding ding ding‘. It has numbers.‖ (Jumarne)
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At the next level of understanding—sequencing of numbers—students were able to
represent numbers (whether accurately or not) in some form of sequence, for example
Zafar (Figure 79), in addition to identifying the other attributes of a traditional clock
face. Variations according to context were identifiable at this level of understanding,
with the more contextualised responses generally making reference to where the clock
had been seen before, such as Annabelle who said ―This is a town clock‖ (Figure 80); or
included themselves in the context, such as Ella who stated ―It is an alarm clock. It is
for waking me up‖ (Figure 81).

Figure 79. ―It has numbers, ten numbers.‖ (Zafar)
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Figure 80. ―My clock has numbers on it. This is a town clock so it has
windows. These things show the time.‖ (Annabelle Ta.)

Figure 81. ―It is an alarm clock. It is for waking me up.
It goes when both the hands are on 12.‖ (Ella L.)
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Moving beyond simple sequencing, the third level of understanding required children to
place numbers in the correct order, with an attempt made to partition them evenly
around the clock face (see Figures 82-84). In some cases, children did not stop the
numbers at twelve, such as Mekenzie (Figure 83) whose numbers continue to 28.
Additionally, some of the children numbered 1 to 12, but upon discovering that their
numbers did not go all the way around, proceeded to start their numbers from 1 again.

Figure 82. ―The clock has numbers and a thing that goes around, all the way.
It has 12 numbers. I started with the 12 because clocks start on 12.‖ (Cooper)
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Figure 83. ―It‘s a clock that goes ‗ding‘ when you have to wake up. It goes up to 28.
It‘s a big clock. It has hands that tell you the time.‖ (Mekenzie)

Figure 84. ―A clock tower. I saw one at the supermarket.
It has numbers to 12.‖ (Blake M.)
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The highest level of sophistication—recording of times—represents the greatest
difference between highly- and poorly-contextualised responses. Zac (Figure 85), who
provided little contextual information, was able to nominate a time in his description,
but this time was not recorded in his drawing at all. However, the children who
contextualised their responses, such as Zofi (Figure 86) who described her drawing as ―I
did a town clock. It‘s a brown one. I drew numbers. It‘s 12 and 6 – 6 o‘clock‖; and
Ethan (Figure 87), who explained ―It is 6 o‘clock because one hand is on the 12 and one
hand is on the 6. I only know times with a 12 in them. I have a little Shrek clock in my
bedroom and it looks like that. Callan [older brother] helped me learn some times‖,
were able to record their chosen time with some accuracy. It should be noted that the
length of the hands has not been emphasised.

Figure 85. ―My clock has numbers and hands. It tells the time. The big hand
moves around every hour. The little hand goes around the numbers. At
6 o‘clock the little hand is on the 6 and the big hand is on the 12.‖ (Zac)
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Figure 86. ―I did a town clock. It‘s a brown one. I drew numbers.
It‘s 12 and 6 – 6 o‘clock.‖ (Zofi)

Figure 87. ―It is 6 o‘clock because one hand is on the 12 and one hand is on the 6.
I only know times with a 12 in them. I have a little Shrek clock in my bedroom
and it looks like that. Callan [older brother] helped me learn some times.‖ (Ethan)
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As can be drawn from Table 33, when the task was first implemented in March, more
than half of the children (54%) were able to demonstrate levels of understanding beyond
simple recognition of the attributes of a clock, despite the fact they had only been at
school for a short period of time and had received no formal instruction in this area.
However, only one child demonstrated the highest level of understanding at this early
stage. 23% of students were able to represent their ideas in a highly rich vein, but the
majority showed only limited or moderate contextual richness. The classification with
the highest frequency at this early stage was Level 2a—that is, evidence of sequencing
of numbers in addition to identifying the basic attributes of a clock, with limited
contextual richness.

Table 33
Responses per category (N=57)

As can be seen in Table 33, when the task was repeated in November, there was a
marked increase in the number of children demonstrating the higher levels of
understanding in their representations. Where only 12% of students demonstrated Level
3 understanding in March, by November 46% of students demonstrated this level of
sophistication in their representations of clocks. Likewise, in March, only 2% of
children demonstrated Level 4 understanding, however, this increased to 14% by
November. There was also a marked increase in the contextual richness displayed in the
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representations. In March, only 23% of students embedded highly rich contextual
information in their representations. However, by November 46% of students could
demonstrate their understanding in a highly rich vein.
It can be seen in Table 33 that only one child was able to demonstrate a high
level of understanding with only minimal contextual information. It is also important to
note that when the individual students‘ classifications from March and November were
compared, 58% of children whose content knowledge improved also demonstrated
increased contextual richness in their representations. For example, when Anabelle first
completed the task in March, her drawing was classified as 1a (see Figure 88), but when
Anabelle repeated the task in November, her drawing was classified as 3c (see Figure
89).
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Figure 88. ―It‘s a rainbow one.‖ (Anabelle)

Figure 89. ―The clock is on the wall near my door. It goes
up to 14 ‗cause it‘s a long way around.‖ (Anabelle)
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Looking forward, looking back
The results from these investigations have demonstrated that children possess a good
understanding of measurement upon entering school, and that this understanding
continues to develop throughout the first year of schooling. Importantly however, the
results also demonstrate the importance of the relationship between content and context
in this development. It was clear that the students who demonstrated the most profound
development in their content knowledge also increased their ability to contextualise this
content. While it is true that during the school year the children encountered formal
teaching about measurement which would have impacted upon their understanding, and
that teachers‘ pedagogical content knowledge certainly has an impact on children‘s
concept development, it is important to recognise that children are also continually
learning outside of the classroom (Aldridge & White, 2002). By implementing tasks
such as those described in this chapter, we are provided a window into the learning in
which children engage in contexts outside of school. By analysing the representations in
relation to both content and context, we are able to see any emerging relationships
between children‘s personal experiences and their developing mathematical
understanding. This assertion is supported by Masingila and de Silva (2001) who
observe that when children‘s mathematics learning in- and out-of-school are connected,
they can support one another, helping children to become more mathematically
powerful.
As discussed earlier in the thesis, children develop an understanding of
measurement by connecting it in ways that have meaning for them (Barnes, 2006).
Thus, it is important to develop understandings about measurement through the use of
tasks which are open-ended in nature, allowing for individual interpretation and
meaning. As Clarke (1998b, p.1) explains, ―The more open the task we provide in
mathematics, the more chance the child has to make it their own, with their own choice
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of context and method‖. By asking children to represent measurement concepts, we are
allowing them to construct a personalised understanding of measurement based on their
individual experiences in a variety of contexts. It is this intuitive understanding learnt
through personal experience which provides the most influential connection for early
mathematics development and supports the development of mathematics introduced in
school contexts (Clements & Sarama, 2000).
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“Finding it out challenges the researcher in her analysis to
explore critically not only that part of the world being studies but
the very research process itself.”

(Graue & Walsh, 1998, p.xiv)
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- Chapter Seven -

RE-VIEWING: REFLECTING ON THE RESEARCH

Preamble
When conducting research with young children is important to consider not only the
data which has been produced as a result of the research, but also the research process
itself. This chapter serves as a parallel analysis of the data which has been presented; it
considers the over-arching methodological issues which arose from the study, and
implications for the ways in which the data should be viewed. Specific points for
discussion which emerged during this research are notions of imitation and fixation;
stereotyping of images; the perceived ―reality‖ of the events depicted; differences
between children‘s perspectives and adults‘ perspectives; and the empowerment of
children in the research process. This parallel analytical process allows for in-depth
examination of the issues inherent in the methods employed in this study, and in doing
so, enhances the integrity of the data presented as examples in the previous chapters.

Imitation
The first point for contemplation which emerged from this research was the issue of
children imitating the work of others during the drawing activities. As Einarsdottir
(2007) has pointed out, the possibility that children might imitate the drawings of others
is a disadvantage of the method which researchers must contend with. This was an issue
I encountered with two of the students who participated in the research. The two girls,
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Lara and Mekenzie, were very close friends who often sat next to each other and as such
approached the drawing tasks from a shared perspective. Indeed, on all five occasions
on which the girls were seated next to each other, their drawings were undeniably
similar in appearance and content (see Table 34).

Table 34
Examples of imitation during drawing activities (Lara and Mekenzie)
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Table 34 (Continued)
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The acknowledgement that some children may imitate the work of others brings about
an important realisation for researching with young children – as Punch (2002) explains,
―it is important not to over-interpret the significance of certain recurring images.‖
Furthermore, it is important to acknowledge that this is a potential issue not just when
using children‘s drawings, but indeed, in any assessment situation where individual
knowledge and understandings are sought. There is also the potential for this imitation
to arise in test situations or when completing surveys. The challenge is to manage the
environment so as to reduce the risk of imitation occurring (i.e. seating children
individually, or relocating children whom have shown evidence of imitation), but to
also have a heightened awareness of the data as a collective whole in order to detect any
patterns of imitation which may emerge.

Fixation
While it is important to consider the reason for the recurrence of images between
children, it is also important to acknowledge the recurrence of images for individual
children. In tasks where children are asked to represent things in a way which is
personally meaningful to them, there is the possibility that they will ―fixate‖ on an
object of significance and repeat this object from task to task. Two examples of fixation
which emerged in this study were those of Abby and Caitlin (see Table 35). It became
clear as Abby was completing the series of drawing tasks that her dogs Pieper and Pico
have a significant role in her life, so much so that they infiltrate her personal constructs
of measurement. Caitlin, similarly, has an obvious affinity with mermaids, with these
figures present in most of her responses. These two children have clearly demonstrated
that measurement understandings are often borne out of constructs which are deeply

220

Table 35
Examples of fixation during drawing activities (Abby and Caitlin F.)
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personal and idiosyncratic – that is, contexts which could not have been predicted and,
had the representations not been created, may have gone unrecognised.
It is important to acknowledge that fixation is not necessarily a negative aspect
of researching with children. Indeed, when children show evidence of fixation they are
providing the researcher an insight as to their baseline representation for sense making.
Clearly, this representational baseline is deeply significant for the individual child, and
knowledge of this baseline may assist educators in relating measurement knowledge to
children‘s contexts in meaningful ways. For example, if the child is fixated upon their
pet dog, then it may be useful to encourage the child to compare other objects to their
pet, i.e. asking ―is this object taller than or shorter than your pet?‖ In this way, the
fixation provides a meaningful basis for the measurement process.

Stereotypes
Another key consideration regarding the repetition of images in children‘s drawings is
the inclusion of stereotypes. Malchiodi (1998) cautions that children often repeat
stereotyped images in their own work. Consider the following example (Figure 90)
given by Malchiodi (1998, p.23), in which Figure 2.1 shows a 4-year-old girl‘s drawing
of a bird before exposure to colouring books, Figure 2.2 shows the colouring book
illustration the girl was given to colour at school, and Figure 2.3 shows the girl‘s
drawing of birds after exposure to the colouring book.
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Figure 90. Malchiodi‘s (1998) example of the influence of stereotyped images.

In much the way that Malchiodi‘s example demonstrates how a child comes to draw
birds in a stereotypical manner as a result of her experiences; the responses to the
―Draw a clock‖ task indicated that the children in this study had notions of what a clock
―should‖ look like. All of the children chose to draw an analogue clock, even though
nothing about the task precluded them drawing a digital clock. Clarke (1998a) had a
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similar finding from his work with children‘s drawings of clocks, noting that the
children in his study considered ―a clock‖ as being a standard analogue clock.
Moreover, many of the children represented the stereotype of an alarm clock – that is, a
circular analogue clock with bell/s on top. For example, Zafar (Figure 91) chose to draw
an alarm clock (―a bell clock‖) even though, by his own admission, he hadn‘t seen one
before.

Figure 91. ―It‘s a bell clock. I haven‘t seen one before.‖ (Zafar)

In addition to the stereotyping evident in the clock drawings, the children‘s ―hot‖ and
―cold‖ drawings were clearly influenced by stereotypes associated with temperature.
Most of the children‘s ―hot‖ drawings depicted either fire or the sun, while equally as
many drew ice or ice cream as the ―cold‖ object. Additionally, there was a stereotypical
use of colour evident in the children‘s drawings, with red being used to indicate ―hot‖
while blue was used to represent ―cold‖.
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It is important to draw attention to the stereotypes evident in the children‘s
representations, as these stereotypes may have had an influence on what the children felt
they were ―supposed‖ to draw. Indeed, it is possible that the children were simply
drawing what they perceived as ―expected‖, rather than capturing objects and contexts
which were truly meaningful to them. However, this repetition of stereotypes images
must not be considered only from a negative perspective. Much like the issue of
fixation, the use of stereotyped images may in fact be an insight as to the child‘s
baseline for representation – in this case, a publically created image rather than a
personally created image. In this way, the repetition of stereotyped images offers an
insight as to the powerful influence of the broader context, beyond that of the child‘s
immediate constructs. Moreover, they can be used as a focus for extending the child‘s
developing ideas of a concept.

―Reality‖
When eliciting children‘s views, a difficulty which researchers must confront is the
question of whether they can ―really believe‖ children‘s accounts of their experiences
(Morrow, 1999, p.206). A common assumption is that children cannot distinguish
between reality and fantasy (Punch, 2002). Indeed, many of the children‘s drawings,
including Kyra‘s drawing of herself measuring my height (Figure 33), were not real
events. But, what is important is not the ―reality‖ of the depiction—that is, whether or
not it was a ―real‖ event—but rather the meaningfulness of the depiction to the child
who has created it. This echoes Bronfenbrenner‘s notion of ―reality‖ as perceived by the
individual, and the importance of the researcher‘s ability to elicit the meaning the
individuals themselves apply to their own experiences (Bronfenbrenner, 1979). In this
way, the narrative component becomes an all the more important addition to the visual
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representations as it allows the child to articulate the meanings which they themselves
attribute to the representations.
It is important to acknowledge that the construction of personalised meanings is
a process not restricted to researching with children. Certainly, research participants of
any type may construct and communicate personal meanings in a variety of ways which
are not wholly ―factual‖. Tools such as metaphor and analogy provide powerful means
of communicating individually meaningful understandings and perspectives, at any age.

Perspective
One of the main strengths of utilising children‘s photography to elicit their
understandings about measurement is its ability to highlight that children‘s perspectives
often differ to those of their adult counterparts. Greig and Taylor (1999) point out that
while a researcher cannot necessarily see the world from the child‘s perspective,
―acknowledging that their worlds are different is a sound starting point‖ (p.157). Cook
and Hess (2007) have suggested that ―to learn about a child‘s perspective adult
researchers have to get beyond their own beliefs about a situation and listen to children
in different ways‖ (p.31). In doing so, it may be found that the child‘s interpretation of a
situation is quite different to that of the adult. An example of this is the interpretation of
a photograph taken by Ben, a five-year-old child (see Figure 92).
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Figure 92. ―That‘s lighter and that‘s heavier‖ (Ben)

From an adult‘s perspective, we could reasonably assume that the intention of the
photograph was to show the differing sizes of these chairs. However, upon discussing
the photograph with Ben, it became clear that his intention was not to capture their
differing sizes, but rather their differing masses.
Amy:

In this picture you‘ve got some chairs. Why did you take this one?

Ben:

Because that‘s lighter and that‘s heavier.

Amy:

How do you know that chair is heavier than the other chair?

Ben:

I know that one‘s light because I can carry that one.

Often, from an adult‘s perspective, the children‘s photographs do not appear
immediately relevant to the required subject, in this case, measurement. One such
example is John‘s photograph of a dog and a cricket bat (see Figure 93).
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Figure 93. ―My dog and my cricket bat‖ (John)

However, upon discussing the photograph with John it became clear that the image was
indeed relevant, capturing the concept of length.
Amy:

Can you tell me about this photo?

John:

My dog and my cricket bat.

Amy:

Why did you take a photo of your dog and your cricket bat?

John:

Because they are the same length.

This example clearly demonstrates that gaining the child‘s explanation of their
photograph is paramount in this type of research. In reflection upon their own use of
photography as a research method, Cook and Hess (2007, p.41) acknowledged that ―an
exploration of what meaning the children might have attached to the process of taking
photographs could have strengthened the validity of the interpretations made by the
adults‖. Gaining children‘s interpretations of photographs is important not only so that
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we can capture understandings which might have been overlooked, but also so that we
can realise when understandings appear to have been demonstrated, but in actual fact
are not. An example if this is the following photograph, taken by Dallas (Figure 94).

Figure 94. ―Me and my Nan‖ (Dallas)

From an adult‘s perspective, this photograph appears to have been taken with the
intention of showing Dallas‘ height compared to that of his Nan, which—taken by
itself—appears to demonstrate that Dallas has some understanding of comparing
lengths. However, upon discussing the photograph with Dallas, it became clear that
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Dallas‘ mother actually instigated the taking of this photograph, and that Dallas himself
appears to have little understanding of her reason for doing so:
Amy:

Why do you have a picture of you and your Nan?

Dallas: Mum done it.
Amy:

Why did Mum take it?

Dallas: Because it was nice.

A similar example was a photograph taken by Ethan of a recipe. While it could be
assumed that Ethan had taken the photograph to show the different measurements
included in the recipe, upon discussing the photograph with Ethan it was found that his
mother had in fact suggested taking the photo, and that Ethan had his own interpretation
as to its significance:
Ethan: Mum wanted me to take a picture of the recipe.
Amy:

Why do you think Mum wanted you to take a picture of the recipe?

Ethan: She might have thought you wanted to make it.

It should be noted that parent intervention is a risk to be considered when employing
this research method. As described previously, at times the parents felt the need to assist
the children, suggesting subjects to be photographed, or indeed, taking the photographs
for them. On one occasion a parent decided to intervene after looking at the photographs
the child had taken so far, deciding that they were not ―relevant‖ and thus deleting them.
This is one of the limitations of the researcher being removed from the activity. I did not
have the opportunity to explain to the parent that while the picture may not immediately
appear to be relevant to measurement, such as a photograph of the dog and the cricket
bat (Figure 93), when the child is later given the opportunity to describe their pictures,
we are able to see the meaning the picture has to them and how they see it as being
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related to measurement. This reinforces the importance of the narrative element when
utilising visual research methods with young children.

Power
There is often, as Scott (2000, as cited in Cook and Hess, 2007, p.31) suggests, ―a very
large gulf between adult observations about a child‘s understandings of a situation and
the child‘s own perceptions‖, and leaving this gulf between adult and child perspectives
unaddressed may potentially result in unequal balances of power in the research.
Utilising research methods which encourage children to both create and interpret their
own data is a step towards diminishing the imbalanced power relationships between
children and adults (Morrow & Richards, 2002). The photography activity was
particularly effective in diminishing the power imbalance as the control of the activity
was predominantly in the hands of the children. Unlike other studies using this method
(e.g. Dockett and Perry, 2003a, 2005c) where the children only had access to the camera
for a short period of time, and under direction from the researcher, the children in this
study had the camera in their possession for prolonged periods of time, during which
they had no interaction with the researcher. This allowed the children to feel in control
of the activity, taking pictures at will without feeling like they were being watched, or
that they needed to take pictures of particular things in order to satisfy the researcher. Of
course, the parents were present for much of the activity, but for the most part they
understood that they were to play no part in the taking of the photographs unless
directed by the children (i.e. photographing the child while they measured their height).
While studies utilising children‘s photography are increasingly using digital
cameras, some still show misgivings about children‘s competency with this technology.
Indeed, this study was first met with concerns about the children‗s ability to operate the
cameras. Contrary to these concerns, all of the children were experienced at using a
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digital camera, and required only a quick demonstration as to how the particular model
of camera they were given operated. Upon the return of the cameras, I was surprised to
learn that some of the children had even discovered how to record short videos using the
cameras, and had made brief measurement-related films. It is important to acknowledge
the technical prowess of these young children, because recognising the strengths and
capabilities of children is a step forward in addressing the potential power imbalances
when conducting research with children.

Looking forward, looking back
Researching with young children is both challenging and rewarding, and affords
researchers the opportunity to use a range of methodologies which align with the
communication strengths of children. However, in applying such methodologies, it is
important to recognise that there are inherent issues which must be considered and
addressed. Issues of representation, interpretation and power all affect the ways in
which the data is viewed and used; but the acknowledgement of the influence of these
issues goes a long way towards enhancing the integrity of the data and subsequent
analysis. It is pointless ignoring the inherent issues; rather, it is far more beneficial to
address them in an upfront manner. In this particular research context there were several
issues presented in the data set, and some rather frank insights result from these: Some
children copy each other‘s work. Some children just want to draw their pets, or
mermaids, or Thunderbirds. Some children provide accounts of events which are not
necessarily ―true‖ or ―accurate‖. But these issues should not be viewed as deficits of
researching with children; rather, they are exemplars of what is fascinating and
enjoyable about engaging in this type of research, and they offer idiosyncratic insights
into children‘s ways of understanding their worlds.
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“One cannot guarantee that what is found out is what people
want or expect, or that it will lead immediately to practice. In
fact, finding it out tends to challenge what a culture knows as
well as what it wants to know.”

(Graue & Walsh, 1998, p.xvi)
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- Chapter Eight -

LOOKING BACK... AND FURTHER FORWARD

Preamble
At the outset of this thesis I indicated a desire to challenge, and ultimately reshape,
notions of how children‗s understandings about measurement develop. Each of the
chapters preceding this final one have provided a step in this reshaping, starting with the
disciplinary and theoretical underpinnings of the study, and then, layer by layer, the
presentation of data which cast new light on these underpinnings. The product of this
reshaping is the development of a dynamic model of how children‘s understandings
about measurement develop within context. The development of this model has been
shaped by the findings to the research questions of the study, which will be discussed
initially in this chapter, before presenting the dynamic model, and then considering the
implications of this research for learning and teaching. Finally, this chapter will present
the possibilities for further research which have evolved from this study.

Findings in relation to the research questions
This study has explored children‘s representations of their understandings about
measurement which have been developed within a variety of contexts. In particular, this
study has examined the stages of development about different measurement concepts at
this early stage, as well as the specific activities, interactions and settings which
contributed to this development. The themes of content, context, and representation,
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and their corresponding research questions, are intrinsically linked throughout the study;
however it is worthwhile to consider the contribution of the research to the
understanding of each individual theme. As such, the findings related to each of the
three research questions are briefly outlined below.

How does measurement learning develop during the early years?
It is clear from the children‘s responses that there is a strong relationship between
contextualised experiences and the development of measurement understanding. Indeed,
the results indicated that the more children are able to contextualise the measurement
concept, the more sophisticated their measurement understanding becomes. Key to this
point, however, is the notion that the richness of the context is paramount. Responses
were frequently categorised as demonstrating a highly sophisticated understanding of
the concept when they also displayed detailed narrations of the context. This is a notion
supported by Chinnappan (2008), who argued ―there is now an emerging consensus that
learning and the quality of learning is a function of the context and the activity in which
learning takes place‖ (p.185).
It has been argued that knowledge cannot be separated from the context in which
we learn it (Hughes, Desforges, & Mitchell, 2000), and it is true that many instructional
programs advocate the importance of connecting the mathematics learned in school to
the mathematics encountered in the ―real world‖. This usually involves presenting the
mathematics content in a traditional ―school‖ manner, and then adjusting it for use in
the real world. However, through the implementation of tasks such as those presented in
this article, we are reversing this process, starting with the children‘s prior ―real world‖
mathematics learning and then considering how this can be utilised in classroom
mathematics learning. Connections between in-school and out-of-school mathematics
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are most commonly formed when children are encouraged to recognise the mathematics
learning they participate in outside of school (Lowrie, 2004).
In light of this, it is important to reconsider existing models of measurement
development. By taking the stand point that ―real world‖ measurement learning should
be foregrounded, I must reflect on the implications of this for the standard
developmental sequence. ―Real world‖ implies elements of usefulness and applicability,
and this was certainly demonstrated in many of the responses to the tasks, for example
Willis‘ description of using a ruler to find out how much gauze to use on the flyscreen
door (see Figure 73). In cases such as this, the ―application‖ phase of the development
sequence actually occurs first as opposed to last, informing the development of the other
phases of measurement understanding. As such, I propose that measurement
development ―sequences‖ instead be considered ―cycles‖, whereby ―application‖ may
come first rather than last, and the stages of development become blurred. Take, for
example, the measurement development sequence presented by the Board of Studies
NSW (2002), which presents measurement learning as a linear progression (Figure 95).
What if this were to be reconceptualised as a cycle, consisting of the same key elements,
but with the opportunity for multi-directionality? (Figure 96).
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Figure 95. Measurement development sequence (Board of Studies NSW, 2002)

Figure 96. Reconceptualised measurement development cycle.
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This reconceptualised cycle is befitting the calls from other researchers to reconsider the
sequence in which children engage in measurement experiences, such as Clements
(1999) who espoused the development of research activities designed to challenge
traditional sequences of instruction. The notion of a developmental cycle also supports
the notion of having various ―entry points‖, thus validating the work of researchers
whose results indicate children working at developmental levels out of sync with
traditional sequences. Ginsburg, Inoue and Seo (1999) observed the sophistication of
mathematical activity of children in play environments, and concluded that:
...young children engage in a variety of mathematical explorations and applications, some
of which appear to involve surprisingly ‗advanced‘ content and might even be considered
developmentally inappropriate for a preschool or kindergarten curriculum, at least by
conventional standards (p.89).

Boulton-Lewis et al. (1996) found that while traditional sequences advise the use of nonstandard units of measurement before advancing to standard units, the young children in
their study preferred to use rulers, and could measure correctly with a ruler before they
could devise a measurement strategy using non-standard units. Boulton-Lewis et al.
concluded that early emphasis on various non-standard units may interfere with
children‘s development of basic measurement concepts required to understand the need
for standard units, and in contrast, using standard units and instruments such as rulers
appears to be a more interesting and meaningful real-world activity for young children.
In this study, very few students made reference to using informal measurement, instead
representing themselves using formal measuring instruments and units with which they
were familiar. Furthermore, I found that many children could represent a ruler or clock
with some accuracy, demonstrating a foundational understanding of the concepts of
equal partitioning and unit iteration. It is important to note, however, that my study also
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revealed that in order to achieve these higher levels of conceptual understanding, context
is critical.

What experiences with measurement do children have in prior-to-school
and out-of-school contexts?
As described in Chapter Three, it is imperative for educators to see the importance of the
contexts for mathematics learning—in particular, measurement learning—and
acknowledge that it is these contexts which endow mathematics with meaning. In terms
of Bronfenbrenner‘s contextual systems, it was clear from the representations that it is
the child‘s microsystem which has the most directly observable influence upon their
development of understandings about measurement. Of course, the specific components
of the microsystem which influence a child‘s understandings are unique and
personalised; however, there were some common activities, interactions and settings
which contributed to the development of understanding about measurement across the
cohort of children in this study. It is clear from the representations that a child‘s home
setting is rich with opportunities for engagement with measurement. Activities such as
cooking, playing, watching television, and building and fixing things are laden with
measurement concepts with which children connect. Similarly, the relationships within
children‘s home settings appear to be the most profound in terms of developing
understandings, with many children recalling being taught about measurement by their
parents or siblings.
Interestingly, very few children described learning about measurement within a
school context, despite the fact that at no time did I indicate that I was interested in outof-school experiences. Even when the tasks were repeated at the end of the Kindergarten
year, only a very small number of children made reference to the school context. This
may indicate that the school context is not the most meaningful or influential context for
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the development of measurement understanding at this young age. This has important
implications for the ways in which measurement learning is perceived in early
schooling, and heightens the need to discover the personally meaningful contexts which
influence a child‘s development.
While discovering the influence of context is important in and of itself, it is
crucial to consider the ways in which context are utilised in mathematics education.
Educators need to be wary of imposing contexts of their own devising upon children;
rather, mathematical activities should allow children to apply their own meaningful
contexts. As highlighted by Carraher and Schliemann (2002), children can more
appropriately bring contexts to bear on situations when those contexts are not directly
given by or contained within the problem. As opposed to expecting children to connect
with contrived contexts which may not be meaningful to them; the results in this study
have indicated that the use of open-ended representation tasks allows children to
position their understandings within their own personal, idiosyncratic—and above all
else, meaningful—contexts.

In what ways can representations evoke children‗s experiences with, and
understandings about, measurement?
The tasks presented in this thesis have demonstrated that representation is a powerful
tool for accessing the knowledge of, and experiences with, measurement which young
children possess. Importantly, representation is not just a procedure by which children
record their knowledge about a concept; it is also a process through which
understandings can be constructed, re-considered and applied in new ways. As Wright
(2003, p.24) describes, ―children consider multiple interpretations, generate new
meanings, and expand existing meanings while drawing and describing their drawings.‖
This was demonstrated by Ethan (see Figure 97), who added to his drawing as his
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understanding of multiple comparisons of lengths evolved through the representation
process.

Figure 97. ―A giant building and a lady beetle. The lady beetle is the shortest.
A piece of dirt. No, now the dirt is the shortest. A giant who‘s up to
there on the building.‖ (Ethan)

It was interesting to note the descriptions Ethan was giving throughout this process,
beginning by simply drawing two objects (―A giant building and a lady beetle. The lady
beetle is the shortest‖) and then proceeding to add subsequent objects as the
comparative nature of these objects was presented to him in a visual form (―A piece of
dirt. No, now the dirt is the shortest‖). In this way, representations capture the process
of constructing a mathematical concept or relationship, and allow the creator to record
and reflect on their thinking (Woleck, 2001).
It must be emphasised that it is the process of representation that is key, rather
than the perceived ―quality‖ of the drawing. However, I recognise that there may be
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strong relationship between a student‘s capacity to make sense of measurement
understanding and their drawing ability. My response to this would be that all
representations, regardless of quality, can be used as a catalyst for providing a
connection between informal and formal learning, as part of concept development.
Through the use of open-ended tasks that support the process of drawing-telling in
mathematics, teachers can find out the ways in which students construct their
understanding of a concept; identify the factors that influence student learning, such as
prior knowledge about a topic and connections between home and schools contexts;
provide opportunities for students to connect a mathematical concept with tangible, realworld applications; and encourage students to see themselves inside mathematics that is
meaningful and personalised (Smith & MacDonald, 2009, see Appendix 12).

A dynamic model of the development of children‘s
understandings about measurement
The findings associated with the research questions have resulted in the development of
a cumulative model of how young children‘s understandings about measurement
develop (see Figure 98, on the next page). The model attends to the development of
emergent understandings about measurement, but, importantly, also considers the role
of context, from a Bronfenbrennian perspective. The model is purposefully designed to
be fluid and dynamic, representing a number of possible transactions which may take
place during the development of measurement understanding. Importantly, the model is
multi-directional, with each element possessing the ability to both shape, and be shaped
by, other elements within the model.
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Figure 98. A dynamic model of the development of children‘s
understandings about measurement.
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Central to the model is the individual child‘s understandings about measurement. These
understandings can be informal or formal, or may shift between the two. Informal
understandings represent ―spontaneous‖ thought; and while the children may not be
aware of the mathematical significance of this thought, key to informal understandings
is the development of significance for the children creating the understanding
(Macmillan, 2009). Formal understandings, on the other hand, represent ―scientific‖
thought and access to formalised mathematical symbols and systems (Macmillan,
2009). Within my proposed model of measurement engagement, children transact
between both informal and formal understandings when developing knowledge about
measurement. That is, informal understandings may inform formal understandings and
vice versa; while informal and formal understandings may also develop independent of
one another.
These understandings, both informal and formal, are shaped by the activities and
interactions in which the children engage. This element of the model is representative
of Bronfenbrenner‘s microsystem, reflecting the engagements which are immediate to
the developing child. Activities such as playing, cooking and watching television (to
name but a few) all hold the potential for imparting measurement understanding.
Likewise, the many interactions in which children participate, such as with family
members and friends, provide opportunities for sharing and constructing knowledge
about measurement.
These activities and interactions are, in turn, shaped by the setting in which they
are embedded, whether it be an out-of-school context or a school context. Naturally, the
nature of many of the activities and interactions will differ between school and nonschool contexts; but it is important to recognise that there may also be consistencies
between the two, and that one setting will often inform the other.
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The contexts immediate to the child, both in- and out-of-school, are shaped by
the systems and constructs of the broader cultural context. This includes education
systems,

governmental/political

climate,

socio-economic

circumstances,

religious/spiritual influences, and cultural conventions. These systems and constructs—
and the degree of their influence—will differ both across and within communities.
Key to the model is the acknowledgement that each of these relationships are
influenced by time. The nature of the influences, and degree to which they are
influential, will shift on both a short-term and long-term basis. Influences on a child‘s
understandings of measurement may change over the course of a day or a week, or may
reflect longer periods of development, depending on the individual child. The most
important acknowledgement is that measurement understanding is not static; it is
dynamic and developmental, and this needs to be considered when designing in-school
learning experiences.

Implications for classroom learning and teaching
The findings from this research study have implications for classroom learning and
teaching of measurement. In particular, the notion of representing measurement
understandings in a visual form has widespread classroom applications beyond simply
as a data gathering technique. The drawings activities described in this thesis could
easily be adapted to classroom practice, and such an adaptation would allow teachers to
both recognise and extend the understandings about measurement which children
possess; assess children‘s understandings about particular measurement concepts; and
connect literacy and numeracy practices within the classroom. These applications for
classroom practice will now be explained further.
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Recognising and extending understandings
This study has demonstrated that children come to school with rich understandings of
measurement. The fact that children are coming to school with these understandings is a
positive outcome because it means that the children will be confident with the
curriculum material they will encounter in the classroom setting, and their familiarity
with the content will enable them to achieve success in their formal learning. However,
it must also be considered how these children can be extended beyond their existing
understandings so that their classroom engagements will be stimulating and
developmental. As Perry and Dockett (2005b) advocate, current learning must be
recognised and used so that children are challenged by their mathematics learning and
find that mathematics can be an exciting subject. By utilising tasks such as the ones
described in this thesis, educators can not only elicit the prior experiences and
understandings of children, but also extend children‘s learning in a rich and meaningful
manner. Activities such as those utilised in this study provide teachers with an entry
point to children‘s prior experiences and understandings of a mathematical concept—in
this case, measurement—which can be used as the basis for more formalised
mathematics instruction. Bonotto (2001) has proposed that ―mathematics teachers
should be prepared a) to see mathematics incorporated into real world, b) to investigate
mathematical ideas and practices of their pupils, and c) to look for ways to incorporate
into the curriculum elements belonging to the sociocultural environment of the pupils,
as a starting point for mathematical activities in the classroom‖ (p.75).

Assessing understanding
While the drawing tasks and their accompanying matrices developed in this study have
been used for the purpose of data gathering and analysis, they could serve as effective
assessment tools for teachers wanting to implement open-ended tasks such as these in
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their own classroom. However, teachers wishing to initiate these sorts of assessment
activities must be mindful of the need to make these tasks ongoing. As Clarke (1998b)
cautions, a single completion of the task may not be a true representation of a child‘s
understanding of the concept. Rather, it may represent a ―snapshot‖ that shows which
aspects of the concept the child was attending to at a given point in time, or their greater
interest in aesthetic appeal rather than the mathematical ideas in which the teacher is
interested (Clarke, 1998b). By repeating the task throughout the year, teachers are
provided with information about the contexts and experiences that influence children‘s
developing understandings, and are offered insight into the personalised ways in which
children construct meaning.

Connecting literacy and numeracy
Drawing has long been a commonplace classroom activity for children learning to read
and write. Usually, children are prompted to draw a picture of an object or event (such
as ―What I Did on the Weekend‖) and are then encouraged to describe their drawing
(for example, ―This is me riding my bike‖). This emergent literacy practice has proven
successful in promoting the early writing of children, and plays to the communication
strengths of young children. Given the success of story writing in promoting emergent
literacy, it begs the question: Why can‘t the focus of a classroom drawing session be
based on eliciting information about a mathematical concept in order to promote
emergent numeracy? (Smith & MacDonald, 2009, see Appendix 12). Teachers‘ thinking
about the teaching of literacy has been revolutionised by theories of how children learn,
resulting in a new approach termed ―emergent writing‖ (Whitebread, 2005). This
approach encourages students to ―play‖ with writing in ways which are meaningful to
them, thus representing an attempt to build on what children already know. Whitebread
(2005) has described how these same ideas relate to the teaching of early numeracy, and
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has suggested an approach which he terms ―emergent mathematics‖. This approach
recognises that children need to ―play‖ with mathematics also, and need to represent
mathematical concepts in ways which make sense to them.

Ways forward
There are several aspects of this study which provide potential opportunities for further
research. Further research into the representational process is warranted, with deeper
exploration of the process by which children transact between internal and external
representations of their understandings about measurement, or, indeed other
mathematical concepts. Moreover, it would be worthwhile investigating whether the
relationship between contextual richness and content knowledge is apparent in relation
to other mathematical concepts, for example, how children‘s experiences in various
contexts shape their understanding of number, space, patterning... There are many
possibilities which could be explored.
The consideration of context in this study ultimately became directed, for the
most part, at the influence of children‗s microsystems upon their developing
measurement understandings. However, the influence of the broader cultural context,
i.e. the macrosystem, emerged as a significant area for possible exploration which was
beyond the scope of this present thesis. Exploration of both the influence of popular
culture, and the gendered nature of measurement activities, provide exciting possibilities
for new interpretations of the representations in the future.
While the representation tasks in this research were carried out with young
children at the start of school, an avenue for further research would be implementing
these tasks with children of varying ages. How would the responses to the tasks vary
with three year olds? Thirteen year olds? Does the relationship between content and
context remain consistent, or diminish, as children grow older and further develop their
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mathematical understandings? These questions, in particular, challenge my own
thinking in terms of future research possibilities.
It was my intention that the research presented in this thesis would open up the
space for a new dialogue about how children develop understandings about
measurement. As such, I would hope that the model presented in this thesis be critiqued,
challenged, and applied to different research contexts and mathematical domains. The
work presented in this thesis is by no means the ―certain‖ or ―final‖ word on the
development of children‘s measurement understandings; rather, it is the beginning of a
conversation.
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“Ultimately, all that labour produces knowledge that is uncertain
and that will change, but it produces knowledge. The „it‟ found
out will never have the certainty of the universality of the „it‟
made up. That is how it should be. The construction of knowledge
is a human endeavour. It will never be certain.”

(Graue & Walsh, 1998, p.xiv)
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Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

INFORMATION LETTER
Research project: The measurement learning journeys of children in the early years of schooling
Chief researcher: Amy MacDonald
Dear____________________________________
Your school is invited to take part in a study being conducted by Amy MacDonald. It is part of a program
of research for a Doctor of Philosophy (PhD) degree, being supervised by Prof. Tom Lowrie and Dr
Tracey Smith. I am requesting your school’s participation in this project.
I am trying to find out about how children learn about measurement at home and at school. The
information from the study will be used to write my PhD thesis, and I will report the results to the NSW
Department of Education, in some journal articles, and to your school.
Your school’s participation
Data collection will take place over three phases:
Phase 1
The first phase will involve identifying two cohorts of children: one in its prior-to-school year, and the
other in its Kindergarten year. Your school has been invited to participate on the basis that you operate
a transition/preschool type program, as the first cohort of children will be drawn from this program. The
first phase will explore the understandings about measurement the children have at this early stage, and
how these understandings are developed. A series of open-ended measurement tasks will be carried out
with the transition class and the Kindergarten class. The children’s responses to these tasks will be used
to select six children from each class who represent a diversity of measurement understandings. These
children and their parents will be invited to participate in the study. Interviews will be conducted with
the children and their parents, and the children will be given the opportunity to produce drawings of
their experiences. In addition, the children will be provided with disposable cameras for them to take
photographs outside of school, which will be reflected upon in later interviews. The classroom teachers
will also participate in an interview during this phase. This phase of data collection will take place during
Term 4 2008, over a period of approximately 3 months.
Phase 2
Phase 2 will focus on the transitional period from prior-to-school to Kindergarten for Cohort A, and from
Kindergarten to Year One for Cohort B, over the last few weeks of Term 4 2008 and into the first weeks
of Term 1 2009. I will explore the interactions which occur between the children, parents, prior-toschool teacher and Kindergarten teachers, and the different Kindergarten classes the children are placed
into. The Kindergarten teachers will be spoken with about how they uncover the knowledge of the
children, how they integrate prior knowledge in the classroom, and the involvement of the parents and
children in this process. The concept of measurement will also be discussed to determine the individual
teachers’ approaches to teaching this concept.
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Phase 3
This phase will involve following the selected children from Cohort A through their first year of formal
schooling, and the selected children from Cohort B through Year One. I will periodically enter the
classroom over the duration of the year to repeat the initial open-ended measurement tasks in order to
explore their developing understanding, and will observe and analyse the classroom teachers’ lessons
which focus on teaching measurement. I will conduct one interview each Term with the selected
students and their teachers, and one interview each Semester with their parents. I will collect additional
drawings, and I will also observe one lesson each Term, during which photographic recordings will be
made. These photographs will be used as stimulus during the teacher interviews. It will be interesting to
see the different approaches used by the different teachers, how this is received by the children, and
how this contributes to the children’s development of knowledge about measurement. I will also
explore how this knowledge is developed at home and in other external contexts, and the
connectedness between mathematics learning outside of school and at school, with the continuation of
the children’s out-of-school photography.
Consent
All participants in this study will be given an information letter to read before signing a consent form. In
the case of the children, their parent’s permission will be gained, and the children themselves will be
asked to consent to their involvement. Participation in this project is voluntary. Copies of all information
letters and consent forms have been included in this package.
Privacy
No-one will be able to identify your school from the results of this study. Only my supervisors and I will
have access to this information. In any reports, fake names will be given to all the participants.
All the information that is collected will be stored in my locked office at the University. It will be kept for
seven years, and then it will be destroyed. The audio recordings will only be used to help me transcribe
the interviews. No-one else will hear them. The photographs taken during class-time will only be shown
to the teacher and the children concerned. If I think they are really interesting and would like to publish
them, I will ask the participants first and will not publish any photo without their consent in writing.
If you would like to check that you are OK with the tapes or photos recorded during the study, you can
contact me and I will send you a copy. If you are dissatisfied with the materials, we can discuss how the
participants’ views may be more accurately represented, or, if appropriate, the materials may be
discarded all together.
If you have read this information and you want your school to participate, just fill out the consent form I
have given you and return it to me in the enclosed envelope. If you would like to discuss this further
with me before agreeing to participate, please contact me to arrange a meeting time. If you would like
to know more at any stage, you can contact me, my supervisors, or the Charles Sturt University Ethics
Committee.
Amy MacDonald
Phone: (02) 6933 2664 (work)
(02) 6925 6719 (home)
Fax: (02) 6933 2962
Email: amacdonald@csu.edu.au
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Tom Lowrie
Phone: (02) 6933 4328
Fax:
(02) 6933 2962
Email: tlowrie@csu.edu.au
Tracey Smith
Phone: (02) 6933 2412
Fax:
(02) 6933 2888
Email: tasmith@csu.edu.au
CSU Ethics in Human Research Committee
Executive Officer
Ethics in Human Research Committee
Academic Secretariat
Charles Sturt University
Private Mail Bag 29
Bathurst NSW 2795
Phone: (02) 6338 4628
Fax:
(02) 6338 4194
This information sheet is for you to keep.
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Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

CONSENT FORM
Research project: The measurement learning journeys of children in the early years of schooling
Chief researcher: Amy MacDonald
I (print name)……………………………………………………………………………. CONSENT / DO NOT CONSENT (circle
one) to the participation of my school (print school’s name)…………………………………………………………………
In giving my consent I acknowledge that:
1. The procedures required for the project and the time involved have been explained to me and
any questions I have about the project have been answered to my satisfaction.
2. I have read the Information Sheet and have been given the opportunity to discuss the
information and my school’s involvement in the project with the researcher.
3. I understand that my school’s participation in this project is voluntary; and I am free to
withdraw my school’s participation at any time.
4. I understand that my school’s involvement is strictly confidential and that no information will
be used in any way that reveals its identity without my consent.
5. I understand that audio and photographic recordings will be made as part of the study, and
that they are not to be used in any publication from the research without explicit consent.
Charles Sturt University’s Ethics in Human Research Committee has approved this study. I understand
that if I have any complaints or concerns about this research I can contact:
Executive Officer
Ethics in Human Research Committee
Academic Secretariat
Charles Sturt University
Private Mail Bag 29
Bathurst NSW 2795
Phone: (02) 6338 4628
Fax:
(02) 6338 4194
Signed………………………………………………………………………………………………..
Name………………………………………………………………………………………………...
Date…………………………………………………………………………………………………..
Contact phone number……………………………………………………………………..
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Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

TEACHER INFORMATION LETTER
Research project: The measurement learning journeys of children in the early years of
schooling
Chief researcher: Amy MacDonald
Dear____________________________________
You are invited to take part in a study being conducted by Amy MacDonald. It is part of a program of
research for a Doctor of Philosophy (PhD) degree, being supervised by Prof. Tom Lowrie and Dr Tracey
Smith.
I am trying to find out about how children learn about measurement at home and at school. The
information from the study will be used to write my PhD thesis, and I will report the results to the NSW
Department of Education, in some journal articles, and to your school.
Your participation
I will be following the measurement learning experiences of some of the children in your class. I would
like to come into your class to do some measurement tasks, and as a result of these I will select some
children to participate in a photography activity and an interview.
Participation is voluntary. If you change your mind about taking part, even after the study has started,
just let me know and any information I have already collected will be destroyed.
Privacy
No-one will be able to identify you from the results of this study. Only my supervisors and I will have
access to this information. In any reports, pseudonyms will be given to all the participants. All the
information that is collected will be stored in my locked office at the University. It will be kept for seven
years, and then it will be destroyed.
If you have read this information and you want to participate, just fill out the consent form I have given
you and return it to me. If you would like to know more at any stage, you can contact me, my
supervisors, or the Charles Sturt University Ethics Committee.
Amy MacDonald
Phone: (02) 6933 2664 (work)
(02) 6925 6719 (home)
Fax: (02) 6933 2962
Email: amacdonald@csu.edu.au
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Tom Lowrie
Phone: (02) 6933 4328
Fax:
(02) 6933 2962
Email: tlowrie@csu.edu.au
Tracey Smith
Phone: (02) 6933 2412
Fax:
(02) 6933 2888
Email: tasmith@csu.edu.au
CSU Ethics in Human Research Committee
Executive Officer
Ethics in Human Research Committee
Academic Secretariat
Charles Sturt University
Private Mail Bag 29
Bathurst NSW 2795
Phone: (02) 6338 4628
Fax:
(02) 6338 4194

This information letter is for you to keep.
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Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

TEACHER CONSENT FORM
Research project: The measurement learning journeys of children in the early years of schooling
Chief researcher: Amy MacDonald
I (print name)……………………………………………………………………………. CONSENT / DO NOT CONSENT (circle
one) to my participation in the research project described above.
In giving my consent I acknowledge that:
1. The procedures required for the project and the time involved have been explained to me and
any questions I have about the project have been answered to my satisfaction.
2. I have read the Information Sheet and have been given the opportunity to discuss the
information and my involvement in the project with the researcher.
3. I understand that my participation in this project is voluntary and I am free to withdraw my
participation at any time.
4. I understand that my involvement is strictly confidential and that no information will be used in
any way that reveals my identity without my consent.
5. I understand that audio and photographic recordings will be made as part of the study..
Charles Sturt University’s Ethics in Human Research Committee has approved this study. I understand
that if I have any complaints or concerns about this research I can contact:
Executive Officer
Ethics in Human Research Committee
Academic Secretariat
Charles Sturt University
Private Mail Bag 29
Bathurst NSW 2795
Phone: (02) 6338 4628
Fax:
(02) 6338 4194
Signed………………………………………………………………………………………………..
Name………………………………………………………………………………………………...
Date…………………………………………………………………………………………………..
Contact phone number……………………………………………………………………..
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Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

PARENT/CAREGIVER INFORMATION LETTER
Research project: The measurement learning journeys of children in the early years of
schooling
Chief researcher: Amy MacDonald
Dear____________________________________
Your child has been invited to take part in a study being conducted by Amy MacDonald. It is part of a
program of research for a Doctor of Philosophy (PhD) degree, being supervised by Prof. Tom Lowrie and
Dr Tracey Smith. I am asking if it is OK for you and your child to take part in this project.
I am trying to find out about how children learn about measurement at home and at school. The
information from the study will be used to write my PhD thesis, and I will report the results to the NSW
Department of Education, in some journal articles, and to your school.
Your child’s participation
I would like to follow your child’s experiences as they start school and through their Kindergarten year. I
will be coming in to the classroom to do some measurement tasks with your child’s class. During these
tasks I will get them to draw some pictures for me, and I will ask them some questions about their
drawings.
Participation is voluntary and your child will only take part if both you and your child agree. I will be
going in to the class to talk to the children about the project, and to give them the chance to say
whether they want to participate. Whether or not you or your child decide to take part, it will not affect
your child’s results or progress at school. If you or your child change your mind about taking part, even
after the study has started, just let me know and any information I have already collected will be
destroyed.
Privacy
No-one will be able to identify you or your child from the results of this study. Only my supervisors and I
will have access to this information. In any reports, pseudonyms will be given to all the participants. All
the information that is collected will be stored in my locked office at the University. It will be kept for
seven years, and then it will be destroyed.
If you have read this information and you want your child to participate, just fill out the consent form I
have given you and give it to your child’s teacher. If you would like to know more at any stage, you can
contact me, my supervisors, or the Charles Sturt University Ethics Committee.
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Amy MacDonald
Phone: (02) 6933 2664 (work)
(02) 6925 6719 (home)
Fax: (02) 6933 2962
Email: amacdonald@csu.edu.au
Tom Lowrie
Phone: (02) 6933 4328
Fax:
(02) 6933 2962
Email: tlowrie@csu.edu.au
Tracey Smith
Phone: (02) 6933 2412
Fax:
(02) 6933 2888
Email: tasmith@csu.edu.au
CSU Ethics in Human Research Committee
Executive Officer
Ethics in Human Research Committee
Academic Secretariat
Charles Sturt University
Private Mail Bag 29
Bathurst NSW 2795
Phone: (02) 6338 4628
Fax:
(02) 6338 4194

This information letter is for you to keep.
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Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

PARENT/CAREGIVER INFORMATION LETTER
Research project: The measurement learning journeys of children in the early years of
schooling
Chief researcher: Amy MacDonald
Dear____________________________________
Your child has been invited to take part in a study being conducted by Amy MacDonald. It is part of a
program of research for a Doctor of Philosophy (PhD) degree, being supervised by Prof. Tom Lowrie and
Dr Tracey Smith. I am asking if it is OK for you and your child to take part in this project.
I am trying to find out about how children learn about measurement at home and at school. The
information from the study will be used to write my PhD thesis, and I will report the results to the NSW
Department of Education, in some journal articles, and to your school.
Your child’s participation
I would like to follow your child’s experiences as they start school and through their Kindergarten year. I
will be coming in to the classroom to do some measurement tasks with your child’s class. During these
tasks I will get them to draw some pictures for me, and I will ask them some questions about their
drawings.
I will also be providing your child with a disposable camera so that they can take some photos of the
types of measurement activities they do outside of school, for example cooking, filling the bath with
water. You might like to help your child take these photos. I will chat to you more about the photo
activity when the time comes.
Then, I would like to talk to your child about the photographs they have taken, and ask them some
questions about the maths they do at home. I would like to audio-tape this interview.
Participation is voluntary and your child will only take part if both you and your child agree. I will be
going in to the class to talk to the children about the project, and to give them the chance to say
whether they want to participate. Whether or not you or your child decide to take part, it will not affect
your child’s results or progress at school. If you or your child change your mind about taking part, even
after the study has started, just let me know and any information I have already collected will be
destroyed.
Privacy
No-one will be able to identify you or your child from the results of this study. Only my supervisors and I
will have access to this information. In any reports, pseudonyms will be given to all the participants. All
the information that is collected will be stored in my locked office at the University. It will be kept for
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seven years, and then it will be destroyed. If you would like to check that you are OK with the tapes or
photos recorded during the study, you can contact me and I will send you a copy.
If you have read this information and you want your child to participate, just fill out the consent form I
have given you and give it to your child’s teacher. If you would like to know more at any stage, you can
contact me, my supervisors, or the Charles Sturt University Ethics Committee.
Amy MacDonald
Phone: (02) 6933 2664 (work)
(02) 6925 6719 (home)
Fax: (02) 6933 2962
Email: amacdonald@csu.edu.au
Tom Lowrie
Phone: (02) 6933 4328
Fax:
(02) 6933 2962
Email: tlowrie@csu.edu.au
Tracey Smith
Phone: (02) 6933 2412
Fax:
(02) 6933 2888
Email: tasmith@csu.edu.au
CSU Ethics in Human Research Committee
Executive Officer
Ethics in Human Research Committee
Academic Secretariat
Charles Sturt University
Private Mail Bag 29
Bathurst NSW 2795
Phone: (02) 6338 4628
Fax:
(02) 6338 4194

This information letter is for you to keep.

287

- Appendix Nine -

PARENT/CAREGIVER CONSENT FORM

288

Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

PARENT/CAREGIVER CONSENT FORM
Research project: The measurement learning journeys of children in the early years of schooling
Chief researcher: Amy MacDonald
I (print name)……………………………………………………………………………. CONSENT / DO NOT CONSENT (circle
one) to the participation of my child (print child’s name)………………………………………………………………..
In giving my consent I acknowledge that:
1. The procedures required for the project and the time involved have been explained to me and
any questions I have about the project have been answered to my satisfaction.
2. I have read the Information Sheet and have been given the opportunity to discuss the
information and my child’s involvement in the project with the researcher.
3. I have discussed participation in the project with my child and my child assents to their
participation in the project.
4. I understand that my child’s participation in this project is voluntary; a decision not to
participate will in no way affect my child’s academic standing or their relationship with the
school; and they are free to withdraw their participation at any time.
5. I understand that my child’s involvement is strictly confidential and that no information will be
used in any way that reveals their identity without their consent.
6. I understand that audio and photographic recordings will be made as part of the study.
Charles Sturt University’s Ethics in Human Research Committee has approved this study. I understand
that if I have any complaints or concerns about this research I can contact:
Executive Officer
Ethics in Human Research Committee
Academic Secretariat
Charles Sturt University
Private Mail Bag 29
Bathurst NSW 2795
Phone: (02) 6338 4628
Fax:
(02) 6338 4194
Signed………………………………………………………………………………………………..
Name………………………………………………………………………………………………...
Date…………………………………………………………………………………………………..
Contact phone number……………………………………………………………………..
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CHILD CONSENT FORM
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Boorooma Street
Wagga Wagga NSW 2678
Australia

+ 61 2 6933 2966
+ 61 02 6933 2962
www.csu.edu.au/research/ripple/
ABN: 83 878 708 551
Tel:

Fax:

RIPPLE – Research Institute for Professional Practice, Learning & Education

Would you like to participate in my project?

Yes

No

Your name:
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ANALYSIS OF RELATIONSHIP BETWEEN
CONTENT AND CONTEXT
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Table 1
Shifts in responses to the „Draw yourself measuring‟ task (Feb-Oct)
Name of child
Anabelle
Andrew
Annabelle Ta.
Annebeller Tr.
Blake M.
Brodie
Brody
Caitlin F.
Chloe B.
Chloe E.
Cooper
Dulce
Ella L.
Emily-Rose
Hannah B.
Imogen
Jada
Jade
Jasmine
Jayde
Jurre
Kodi
Kody
Kyra
Lachlan S.
Lara
Levi
Mekenzie
Nathan
Phoebe
Stacey
Tallulah
Tye
William S.
Willis
Zac
Zofi

1st response
1b
1c
1c
1b
1b
1c
1b
1c
1b
1c
1b
1c
2c
2c
1b
2c
1b
1b
2c
1c
1c
1c
2c
2c
1a
2c
1b
1c
1c
1b
1a
1c
1b
1c
2c
2c
1c

2nd response
1c
1c
1c
1c
2c
2c
1b
1c
1c
1b
1b
1c
1c
2c
1c
1c
1c
1c
1c
1c
2c
2c
1c
2c
2c
1c
2c
1c
1c
2c
2c
1b
1c
2c
2c
1b
1c
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Context
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Table 2
Shifts in responses to the „Draw something tall and something short‟ task (Feb-Oct)
Name of child
Abby
Adit
Anabelle
Andrew
Angel
Annabelle Ta.
Annabelle Tr.
Archie
Blake M.
Blake W.
Brodie
Brody
Caitlin D.
Caitlin F.
Chelsea
Chloe B.
Cooper
Dulce
Ella B.
Ella L.
Emily-Rose
Hannah
Harry
Imogen
Jada
Jasmine
Jayde
Jurre
Kodi
Kody
Kyle
Kyra
Lachlan K.
Lachlan S.
Lara
Levi
Mekenzie
Nathan
Nick
Phoebe
Sarah
Sasha
Stacey
Tallulah
Tye
Wayne
William S.

1st response
3c
2a
2c
2a
3b
2a
3a
2b
1b
3b
2b
2c
2a
3a
3a
2b
1b
2b
1b
2c
1a
2a
2a
2b
1a
3b
3c
3c
2b
2b
2c
3b
1b
2b
2c
1a
2c
2c
2a
3b
2b
1b
2a
2b
2b
3b
2a

2nd response
3c
3b
3c
2a
2b
2c
1b
2c
2b
3c
2c
1c
2b
2b
3c
2c
2c
3c
2b
2b
2b
2b
2b
3c
2c
2c
2b
2b
2c
1b
3c
3c
2b
2a
2b
2b
2b
3c
1b
2c
2b
3b
3b
2b
3b
2c
3a
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Table 2 (Continued)
Willis
Zac
Zofi

2b
2b
2b

2b
2b
2c

295

-



Table 3
Shifts in responses to the „Draw something heavy and something light‟ task (Feb-Oct)
Name of child
Abby
Adit
Anabelle
Andrew
Angel
Annabelle Ta.
Annabelle Tr.
Archie
Blake M.
Blake W.
Brodie
Brody
Caitlin D.
Caitlin F.
Chloe B.
Chloe E.
Cooper
Dulce
Ella B.
Ella L.
Emily-Rose
Hannah B.
Harry
Imogen
Jade
Jasmine
Jayde
Kodi
Kosy
Kyle
Kyra
Lachlan K.
Lachlan S.
Lara
Levi
Mekenzie
Nathan
Nick
Phoebe
Sarah
Sasha
Stacey
Tahlia
Tallulah
Tye
William S.
Willis

1st response
2c
2a
2b
3a
2b
2a
2a
3a
3a
2b
1b
3c
2a
2a
1b
2a
2a
2a
2a
1b
2a
2a
2b
2b
2a
2a
2a
2a
2b
2b
2a
2c
2a
2a
2a
1b
2b
2b
3b
2a
2a
2a
3a
2a
2c
2a
3a

2nd response
3c
2a
3a
2b
2c
2b
3a
2c
2c
2c
3c
3b
3a
2c
3a
3b
3b
2a
3a
3c
2c
2c
3c
2c
2b
3a
2b
2b
3b
2b
2c
3b
3b
2c
2b
3b
2c
3b
3a
2c
2a
2a
3c
2b
2c
3a
3b
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Context

































Table 3 (Continued)
Zac
Zofi

3a
2a

3b
3a
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Table 4
Shifts in responses to the „Draw something hot and something cold‟ task (Feb-Oct)
Name of child
Abby
Andrew
Annabelle Ta.
Annabelle Tr.
Blake M.
Blake W.
Brandon
Brodie
Brody
Caitlin D.
Caitlin F.
Chelsea
Chloe B.
Chloe E.
Cooper
Ella L.
Emily-Rose
Imogen
Jada
Jade
Jurre
Kodi
Kody
Kyle
Kyra
Lachlan K.
Lachlan S.
Lara
Levi
Mekenzie
Nathan
Phoebe
Sarah
Stacey
Tahlia
Tye
William S.
Willis
Zac

1st response
3b
2c
1c
2b
2a
3a
2b
2a
2a
2b
2b
2b
2b
2c
2a
3c
3b
2a
3a
2b
2c
1b
2a
2a
2c
2c
2b
2a
2b
2a
2a
3a
2a
2b
2c
3b
2b
1b
3a

2nd response
2c
2b
2b
2c
2c
3c
2a
3b
3c
2b
2c
2a
2b
2b
2c
2a
3c
2b
2b
3a
3c
2b
2c
3b
3c
2b
3b
2b
3a
2b
3c
2c
2c
2c
3c
3c
3b
3c
2b
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Table 5
Shifts in responses to the „Draw a ruler‟ task (Mar-Nov)
Name of child
Adit
Andrew
Angel
Annabelle Ta.
Annabelle Tr.
Brandon
Brodie
Caitlin F.
Chloe B.
Dulce
Ella B.
Hannah
Harry
Jada
Jade
Jayde
Jurre
Kodi
Kody
Kyra
Lachlan K.
Lachlan S.
Levi
Nick
Phoebe
Stacey
Tahlia
Tye
Wayne
Willis
Zac
Zofi

1st response
2a
2b
3c
3c
2c
2c
2b
1a
2b
3c
3c
2c
2c
2c
2a
2b
2c
1b
1b
3c
2c
1b
1a
1a
1b
1a
2c
2c
3c
3c
2c
3c

2nd response
2c
1b
2c
3c
3c
3c
2c
3c
2c
3c
3c
2c
2c
3c
3c
2c
3c
2c
2c
3c
3c
3c
2c
2c
2c
1a
3c
2c
3c
3c
2c
3c
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Context
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Table 6
Shifts in responses to the „Draw a clock‟ task (Mar-Nov)
Name of child
Abby
Adit
Alisha
Anabelle
Andrew
Angel
Annabelle Ta.
Annabelle Tr.
Archie
Blake M.
Blake W.
Brodie
Brody
Caitlin F.
Chloe B.
Chloe E.
Cooper
Dulce
Ella B.
Ella L.
Emily-Rose
Ethan
Hannah
Harry
Imogen
Izziaha
Jada
Jade
Jayde
Jumarne
Jurre
Kodi
Kyle
Kyra
Lachlan K.
Lachlan S.
Lara
Levi
Lilli
Makaylee
Mekenzie
Mikayla
Nathan
Phoebe
Rhys
Sasha
Tahlia

1st response
2a
2a
1a
1a
1b
1c
2b
3c
1b
2b
1c
1a
3b
2a
2b
2a
2b
2c
1c
1b
2c
4c
2c
1b
2b
1a
2b
1b
2b
2a
1c
1b
2c
2b
1a
1b
3c
1b
2a
3a
3a
1a
1c
1b
1a
1b
2a

2nd response
3c
1a
2b
3c
1c
1a
4b
1b
3c
3c
3c
3b
3c
2a
3c
3c
3a
2a
3a
2c
3a
4b
3c
3c
3c
1a
3c
4b
1b
1c
1c
3b
4c
4c
2b
1b
3c
1b
1c
3c
3b
1a
4c
3a
1b
3b
3b
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Table 6 (Continued)
Tallulah
Terry
Tora
Tye
William P.
William S.
Willis
Zac
Zafar
Zofi

1b
1a
2a
1b
1a
2b
3c
3b
2b
2a

3c
2b
1b
1c
3c
3b
2c
4a
2a
4b
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