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Foreword

When I was five years old, an engineer named Jack Kilby demonstrated the first example of an integrated
circuit: a computer chip. It was 1958, and I suspect that very few of the grown-ups noticed.

And who could blame them? Computers were in their infancy. Physically, they were enormous, filling
entire rooms with heavy, hot and flammable equipment. In every other sense they were practically invisible,
locked away in defence agencies or closely guarded university labs.

No-one looked at a young Alan Finkel and imagined that he would one day dictate this message to a
device that he stores in his pocket, by the miracle of chips.

How different the world looks to the loving parents of a five-year-old today.
In just five years of life, she has been photographed on five generations of iPhones.
She has lived through the first ever detection of gravitational waves, a feat so stupendous that Albert

Einstein himself thought that humans could never achieve it.
She was there for the arrival of technologies that make it possible to edit our basic coding, our DNA,

cheaply and precisely.
Perhaps she’s already travelled in an electric car. Perhaps her first car will be capable of driving itself.

Perhaps she’ll be able to travel into space as a tourist.
She can expect to live a full ten years longer than a baby girl of my generation. And however long she

lives, we can say for certain that her world will be rich with opportunity, filled with humankind’s great
unfinished projects, and ripe for her contribution.

It would be easy to conclude that after thousands of years of raising humans, we know everything there is
to know about education. It would also be easy to take the opposite position, and give up teaching science
completely, thinking that nothing we know today could possibly be relevant to the adults our children will
become.

Between the two extremes is the position that the thoughtful society adopts: to learn from the past, adapt
to the present and strive to be even better in the future.

For that, we need great teachers, and inspired teaching. And the learning should begin from Day One.
From nought to eight in the lifespan of a human is a time of astonishing growth. As our hundred billion

brain cells branch out into perhaps a quadrillion neural connections, we launch into our lifetime of learning.
We have done right by our children in those precious early years if we fire them with passion for that

journey: if we help them grapple with questions and bring the role of science and mathematics to the fore.
To our present and future educators, I wish you every success on the path you have chosen. May this

book help you to guide our children – and may science guide our nation into the future.
Dr Alan Finkel AO
13 December 2017
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◈

Coral Campbell, Christine Howitt and Wendy Jobling
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Science in early childhood
As we present the third edition of this book, we are aware that science education in early childhood has
moved significantly since the first edition. While retaining the essential elements of science learning and
teaching that inform and guide students and educators of pre-school and early years settings, we wanted to
include some new thoughts and material into this current edition – Science, Technology, Engineering and
Mathematics (STEM), inclusive strategies, Indigenous approaches, outdoor learning, intentional teaching and
professional learning as reflective practice. Research in early childhood science is developing internationally as
well as in Australia and we have drawn on work done by the authors and reviews of the broader research
literature, such that Science in Early Childhood provides information that is relevant and responsive to its
intended audience. Each chapter helps to develop content knowledge of areas of science and instructs on how
to guide children’s learning in that area. Many different approaches to science learning are taken, with an
understanding that science is inter-related with most other curriculum areas and, in particular, with an
understanding that young children tend to learn through play, in a holistic way. There is a growing
recognition of the importance of science explorations in children’s lives as they try to make sense of the world
around them. Cognitively, it is important for educators to have input into children’s developing science
understandings and to be able to guide their concept development. Science in Early Childhood is designed to
complement Australia’s Early Years Learning Framework (EYLF) and the Australian Curriculum: Science,
with references in each chapter to the alignment of content with the philosophy and anticipated outcomes of
the national guidelines. Internationally, the ‘early years’ comprise a period recognised as that time between
birth and 8 years of age, and this book provides resources for practitioners working in this age range. In
recognition of the general acceptance in the early years’ community of ‘learning through play’, Science in Early
Childhood highlights varied types of learning and learning environments: naturalistic, informal and formal.
Information in chapters is illustrated through the use of detailed case studies and practical examples that relate
to both pre-school and the early years of school.

The third edition maintains its four parts, constructed around the required elements of effective science
teaching and learning. Our approach has been to label these sections based on questions that students and
practitioners of early childhood science would ask:

Part 1 ‘What initial information should I know to teach science?’ includes information on policy
documents and learning theories. Chapters 1–4 fall within this part.

Part 2 ‘How can I enhance children’s learning of science?’ presents different approaches to science
learning and the importance of play as a pedagogy. This part covers Chapters 5–9.

Part 3 ‘How can I use the learning environment to enhance children’s science understandings?’ covers
learning environments, learning in informal contexts, and outside learning environments. Chapters
10–12 are within this part.

Part 4 ‘How do I plan and assess in science?’ covers essentials of planning, intentional teaching and
assessment and reflective practice. It includes Chapters 13–16.
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Chapter summaries
Chapter 1 starts with a short case study of ‘typical’ child-instigated exploration in science, highlighting the
importance of early childhood education as a whole and of developmental and cognitive psychology. This
chapter describes children’s wonder and curiosity towards the world as it outlines what science looks like in
the early years. As part of the definition of science, the chapter introduces conceptual, procedural and
attitudinal science knowledge, and outlines important aspects of each for young children’s learning of science.
Chapter 2 provides the reader with an overview of Australia’s first national curriculum framework for early
childhood educators, the EYLF, which is set out in the document Belonging, Being and Becoming: The Early
Years Learning Framework (DEEWR, 2009). The relevance of the EYLF in relation to teaching science in the
early years is explained, concluding with the identification of science outcomes for children within the
framework. The voices of early childhood educators and early childhood teacher educators are highlighted to
illustrate how those working in the field are engaging with the framework.

Chapter 3 introduces the reader to the Australian Curriculum: Science, starting with a brief outline of
the history of the Australian Curriculum. The three curriculum strands of Science Understanding, Science as
Human Endeavour and Science Inquiry Skills are described, along with how these could be woven together to
provide a framework for developing experiential, connected and sequential science learning experiences for
children in the early years. The seven general capabilities and three cross-curriculum priorities are presented,
along with examples that relate to science in the early years. Case studies provide an insight into how the
Australian Curriculum: Science can be implemented.

Chapter 4 discusses the many theories of learning that have an impact on how educators work with
young children. There are accepted theories about how children (and, indeed, adults) learn science and the
factors that affect learning in young children. This chapter describes those theories of children’s development
and the range of influences that can affect science learning. Case studies are used to illustrate various aspects
of the influences on children’s learning.

Chapter 5 links practice to theory with a discussion of the range of formal and informal teaching
approaches used with young children to enhance their learning. It outlines the importance of such strategies as
scaffolding and targeted explorations. Using illustrative case studies, attention is paid to process skills; guided
discovery; interactive problem and project-based learning; and intentional teaching. Whether through the
processes of science, such as the development of observation, or through the skilful questioning of the
educator, the approach used should enhance children’s learning. The chapter includes a discussion on the
importance of children’s prior knowledge in terms of the teaching and learning of science.

Chapter 6 focuses on inclusive teaching principles and practices in relation to science teaching and
learning. It describes Indigenous learning in science, in particular the 8 Aboriginal Ways of Learning. The
chapter outlines the relationship between Indigenous learning and inclusive teaching practises. It indicates
ways in which educators can be more inclusive, particularly in early childhood.

Chapter 7 discusses the importance of play as a developmental tool, rather than just an informal aspect of
childhood. Play is of great use in early childhood, and is of value to professionals. The chapter addresses
theoretical aspects of play and how play supports child development. It discusses play in the pre-school and
school curriculum and the role of the professional educator in play pedagogies. Practical examples and case
studies support the discussion in this chapter.
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Chapter 8 explores how young children’s science identity can be enhanced when thoughtful pedagogy is
provided by the educator. The first part of this chapter presents the definitions of science identity and
pedagogy, followed by an exploration of the relationship between educator beliefs and what they teach. The
second half of the chapter presents two case studies to illustrate pedagogical practices associated with the
learning and teaching of science with young children, using play as a medium, in order to enhance their
science identity.

Chapter 9 focuses on STEM education in early childhood. It describes what STEM looks like in early
childhood settings and identifies ways in which STEM elements can be incorporated into children’s learning.
The chapter describes how STEM-related play can enhance young children’s appreciation of the world and
provides a range of examples that have potential for STEM learning.

Chapter 10 discusses the indoor learning environment and the ways in which educators can use this to
support science learning in play-based contexts. Space, layout and materials are discussed in relation to the
inside learning environment, with the use of materials highlighted through the potential they offer to enhance
the curriculum. The place of cooking, the science discovery table, and construction are emphasised. Examples
of science opportunities available in the built learning environment are included, along with a brief discussion
on the value of digital technologies.

Chapter 11 provides insight into the informal learning of science through home and community
involvement. Sociocultural theory is used to examine some of the multiple and complex ways in which science
skills and concepts are being developed within the everyday practices of families, and how families’ ‘funds of
knowledge’ provide a rich and meaningful basis for children’s future learning in science.

Chapter 12 discusses a growing interest in the value of children learning in the outside environment. It
provides examples of the benefits of outdoor learning, using case studies of bush kinders and their affordances
for science learning. Environmental learning is highlighted indicating how young children can be provided
with explorations of an environmental nature. The chapter embraces the notion that young children can
develop empathy for living things, knowledge of ecosystems and an understanding of the inter-relationships
between elements of their environment.

Chapter 13 deals with the pragmatics of planning. Planning is fundamental to all science teaching and
learning. This chapter discusses how effective planning ensures that students are engaged in appropriate
science learning experiences that follow a logical and coherent sequence. Planning considers not only what to
teach but how to teach. Thus, an educator’s science content knowledge, science pedagogical knowledge,
beliefs about science teaching and learning, and beliefs about young children’s capability and competence in
relation to learning science all play a part in effective science planning.

Chapter 14 highlights the role of an intentional, purposeful educator. It provides ideas and examples of
how an intentional educator can plan for and teach children with regard for their individual and collective
learning experiences. The chapter highlights the important place of verbal scaffolding and lesson planning.
The components of a lesson plan are described and illustrated.

Chapter 15 presents information on how educators monitor, assess and document science learning. Early
childhood educators use evidence to determine what children know and understand. Evidence may be based
on how children explore and interact within their environment or on specific competency tests. Data relating
to science is usually obtained through a process of observation, anecdotal note-taking, journal entries,
checklists and folios of children’s work. Consequently, this chapter outlines steps associated with the
assessment of learning in science as outlined in the EYLF and in the Australian Curriculum: Science, with an
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indication of some associated strategies that are appropriate for each developmental level. The information in
this chapter is similarly supported by reference to examples of authentic practice.

The final chapter in this book, Chapter 16, refers to an important aspect of any professional educator’s
role – that of ongoing professional learning. This chapter discusses reflective practice as a means of ensuring
that educators review and monitor their own practice and how this practice affects children’s learning
outcomes. Tools such as reflective journals and professional portfolios are discussed. The theoretical aspects of
educators’ pedagogical content knowledge, content knowledge and pedagogical knowledge are presented.

There are many people who have contributed directly or indirectly to Science in Early Childhood.
Professional discussions with practising educators, colleagues and students have provided ideas and
inspirations in the writing of this book. All new chapters have been blind peer reviewed by two academics,
while the other revised chapters have been academically reviewed. Our thanks are extended to all reviewers for
their insightful comments, as we recognise the value these add to the strength of the book. Our photographs
came from a range of sources, including family, friends and a professional photographer. We thank these
people for their trust in us and for the use of their treasured photographs.

We hope that you will find this third edition a useful addition to your science education library.
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◈

What initial information should I know to teach science?
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Chapter 1

The place of science in the early years
◈

Coral Campbell and Christine Howitt

‘Where there is a child there is curiosity and where there is curiosity there is science’ (Howitt & Blake, 2010,
p. 3). Young children continually engage in science practices. But they do not call it science – they call it
curiosity. This chapter describes children’s wonder and curiosity towards the world as it outlines what science
looks like in the early years. As part of the definition of science, the chapter introduces conceptual, procedural
and attitudinal science knowledge, and outlines important aspects of each for young children’s learning of
science. The ability of science to engage and stimulate children makes it an ideal vehicle to assist in all aspects
of child development.

Objectives

At the end of this chapter you will be able to:

recognise the natural disposition young children have towards science

describe the conceptual, procedural and attitudinal knowledge associated with science

describe the relationship between science and creativity

list a range of reasons why young children should engage with science

describe young children’s capacity for science at different ages.
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What does science look like in the early years?
Fourteen-month-old Zara has her gumboots on. Holding Dad’s hand tightly, she walks into the edge of the
mud. Zara stands still and smiles, looking down at her feet as they slowly sink. She pulls her gumboots out of
the mud, feeling the resistance. On dry land Zara stands still and looks down at her feet. She then walks back
into the mud with another smile on her face.

Best friends Lily and Sam (both 3 years old) have noticed a caterpillar crawling along the branch of a
bush. For 10 minutes they watch the caterpillar move, engaged in their own private conversation about what
the caterpillar is doing, where it could be going, what it might eat and how it might stay dry in the rain.

Every morning 6-year-old Fatima plays with the magnets at the science learning centre. She explores the
different sized and shaped magnets, watching how they ‘attract’ and ‘repel’ each other and a range of materials.
When asked how she thought the magnets worked, Fatima confidently replied: ‘They stick together because
they have honey on the ends. I know this because honey is sticky.’

These three stories illustrate how young children are constantly exploring their world. They demonstrate
a sense of wonder about all things around them and delight in the natural aspects of the world. This is
demonstrated by Zara and her fascination with the feel (and possibly sounds) of the mud, and by the intensity
of Lily and Sam’s engagement while observing the caterpillar.

D’Arcangelo (2000) referred to the term ‘scientist in a crib’ to describe how young children constantly
explore their world through play. She noted that if we look into a crib ‘we find a little scientist peering back at
us – a child who is desperately interested in making sense of the people, the objects, and the languages around
him or her, a child doing mini-experiments to try to sort everything out’ (pp. 8–9).

Children learn as they grow. Through curiosity, play, observation, questioning, trial and error and
conversations with others children develop their own explanations and understandings of the world. This is
often termed everyday science, referring to the way children interpret their science experiences based on their
everyday experiences. This is clearly illustrated by Fatima and her explanation of how magnets work.
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Figure 1.1 Young children demonstrate a sense of wonder about all things around them – such as blowing
seeds from a dandelion

Science learning can occur in planned situations or incidentally as children are involved or engaged in
other activities. While the educator provides set activities for planned learning, incidental learning can occur
in the home environment or early childhood centres as children undertake their normal play activities.
Incidental science understandings can arise through observation of others or specific things (such as Zara
exploring the mud and Lily and Sam watching the caterpillar), through problem-solving (working out how to
balance on a tree stump) and through social interactions in which discussions with others may present new
information. Incidental learning can also occur through the mistakes that children make when they adapt or
accept an alternative way of doing or understanding something.

Practical task  Observing a child

Watch a child for an extended period of time to see how they are exploring their world.

1. How do their actions reflect curiosity and wonder?

2. How is their whole body engaged in their exploration?

3. What do you think they are learning?

Have a conversation with the child afterwards. Do your observations match up with their experiences?
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Have a conversation with the child afterwards. Do your observations match up with their experiences?
If not, what does this tell you about learning to see the world from a child’s perspective?
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What is science?
The word science comes from the Latin word scientia, meaning knowledge. However, science is much more
than just a body of knowledge. Davis and Howe (2003) described science as consisting of conceptual
knowledge (understanding of, and about, science), procedural knowledge (the skills and procedures associated
with doing science) and attitudinal knowledge (attitudes and dispositions to enhance scientific thinking).

Early childhood educators require a basic understanding of key scientific concepts in order to support
young children’s learning. Young children also have a range of understandings of scientific concepts,
developed as a consequence of their everyday interactions with the world. While their initial ideas may be far
from the scientifically correct concepts, these ideas make perfect sense to them. This was illustrated by
Fatima’s explanation of how magnets work.

It can take 12 years, or more, of schooling to reach the correct scientific concept. In the early childhood
years educators should distinguish between the ‘right’ answer and the ‘correct’ answer (Harlen, 2001). A right
answer allows children to answer based on their everyday experiences. While the right answer may be a long
way from the scientifically correct truth, it is important to allow young children to make observations and gain
confidence in their ability to describe what they think is happening and why it might be happening.

Educators play a significant role in helping young children learn science. This role includes preparing the
learning environment; co-constructing knowledge; being a source of expertise, skills and knowledge;
encouraging children to ask questions; asking productive questions; initiating and stimulating talk; and
modelling how to think things through (Blake & Howitt, 2012; Brunton & Thornton, 2010). Materials on
their own do not teach scientific concepts. Rather, the best science learning opportunities occur through
conversations between children and adults while interacting with materials (Fleer, 2009).

Young children’s scientific understanding is also developed through the educator modelling effective
scientific communication. Using appropriate scientific terminology acknowledges children as capable and
competent learners and helps them develop explanations and understandings of scientific concepts (Peterson
& French, 2008). Brunton and Thornton (2010) noted that scientific language provides the tools young
children require to describe natural phenomena, express their ideas and communicate their discoveries.
Further, questioning to challenge ideas, encourage discussion or promote further exploration or investigation
assists young children to develop scientific thinking and investigation.

Young children require many opportunities in a variety of contexts to practise the practical, intellectual,
communication and social skills associated with doing science. These include:

The provision of time to explore resources, discover ideas, construct meaning and learn skills, along with
opportunities to re-visit and re-engage with materials and activities to build on their observations and ideas,

practical skills of observation, using all the senses, manual dexterity, fine motor control, hand–eye
coordination and construction

reasoning and thinking skills, such as questioning, speculating and inferring, problem-solving, noticing
similarities and differences, and reflecting

communication skills, including speaking, listening, discussing, representing, recording and reporting

social skills of cooperation, negotiation, leadership, following instructions and behaving in a safe
manner (Brunton & Thornton, 2010, p. 15).
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permits the development of science skills and knowledge.
Enthusiasm is contagious. Thus, early childhood educators should model and display positive attitudes

towards science. Important scientific attitudes to develop in young children include curiosity, enthusiasm,
motivation, cooperation, responsibility, originality, independence of thought and perseverance. They also
include a respect for evidence, open-mindedness, critical reflection and an ability to accept the provisional
nature of knowledge (Brunton & Thornton, 2010). It is important for young children to see that unusual
observations can form the basis for further investigation and that if something does not work the first time
then they should try again.

Reflection

1. Within the Australian Curriculum, science is defined as ‘a dynamic, collaborative and creative
human endeavour arising from our desire to make sense of our world through exploring the
unknown, investigating universal mysteries, making predictions and solving problems’ (ACARA,
2014). What is your definition of science, and how does it compare to the above definition?

2. How is science dynamic, collaborative and creative? Were these words part of your definition?
If not, why didn’t you consider them as part of your definition?

3. How could these three words be applied to Zara, Lily and Sam, and Fatima as they
experienced science?

29



Science and creativity
Not only are children naturally curious, they are also inherently creative. Science provides an ideal platform for
young children to demonstrate and enhance their creativity. Creativity involves using the imagination to
create a process or product that is original and has value to the user (Niland, 2016). Creativity helps children
to better understand the world around them by supporting questioning, experimentation, problem solving,
risk taking and shared thinking. Creativity also encourages divergent thinking and acceptance of differences.

Creativity has been defined to contain a number of aspects which are both observable and, in some case,
actually measureable (Cropley, 2014) based on seminal research undertaken by Torrance (1966). These factors
include:

An early childhood educator can use her or his understanding of these factors to consider how children are
displaying creativity in their science explorations, construction activities and problem-solving tasks. (See also
Chapter 12, p. 188.)

Case study 1.1  Creativity with cardboard tubes and balls

Four-year-old Ethan was fascinated by balls. A range of cardboard tubes (different lengths and sizes)
and balls were placed outside near the sandpit. Ethan quickly started rolling the balls down the tubes,
observing how he could direct the balls by moving the tubes. His friends Coby and Sarah joined in
this play. Ethan then suggested, ‘Let’s roll the balls into the sandpit’, a distance of 3 m away. The
three children spent the next 30 minutes devising and trialling many different arrangements of the
cardboard tubes to get the balls to roll into the sandpit. During their play, two main problems were
encountered: making sure the tubes maintained a downwards slope, and working out how to join the
tubes. The former was solved through the use of buckets from the sandpit and boxes from inside the
centre to provide height to the tubes. The latter was harder, with suggestions of using hands or string
to join the tubes, until they realised that some tubes fitted inside others.

The science presented in this case study is based on forces (gravity) and the exploration and use
of different materials. The creative thinking shown here, based on Robson’s (2012) indicators of
creative thinking, involved defining a challenge (how to roll the ball into the sandpit), analysing ideas
(suggestions and discussion on how to do this), overcoming barriers and problems (solving their own
problems through divergent thinking), having confidence to explore (offering different ideas),
embracing uncertainty (persistence and taking risks), spending time (concentrating on the problem),
and making mistakes (trial and error). The children posed their own science problem during play and
solved it through their creativity and imagination.

Reflection

flexibility: the ability to produce a large variety of ideas

elaboration: the ability to develop, embellish, or fill out an idea

originality: the ability to produce ideas that are unusual, statistically infrequent, not banal or obvious.
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1. How can you set up an environment where children feel free to take risks and make mistakes?

2. Another example of creativity can be found in Case study 10.4 ‘Constructing a roller-coaster’.
From this case study, identify the link between science and creativity, and describe the indicators
of creative thinking.
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The importance of science in the early years
The early childhood years are an important time for learning. These years represent a period of significant
social, emotional, cognitive, linguistic and physical development in children. Research into developmental and
cognitive psychology has highlighted the importance of environmental effects during the early years of
development and that a lack of stimuli may result in children’s development not reaching its full potential
(Hadzigeorgiou, 2002). Due to its ability to engage and stimulate children, science education in the early
childhood years offers the capacity to improve many aspects of child development.

Eshach and Fried (2005) presented a range of reasons for engaging young children in science. As
mentioned earlier, children have a natural tendency to enjoy observing nature and to think about it. Science
content and skills are a natural fit with the way young children explore and try to explain their environment.
Young children are motivated to explore the world around them, and appropriate science experiences can
capitalise on this motivation. Quality and developmentally appropriate science learning experiences can assist
children to better understand their world, collect and organise information, and apply and test ideas. These
experiences provide a solid foundation for the subsequent development of scientific concepts that children will
encounter throughout their academic lives. Engaging in science experiences also allows for the development of
scientifically informed language and scientific thinking. Through active engagement with science, young
children can develop increased self-belief as science learners and participants in the process of science,
construct understandings of science as a discipline, and come to view science as interesting and worth
pursuing (Mantzicopoulos, Patrick & Samarapungavan, 2008).

32



Children’s capacity for science
In terms of science, the developmental domains can characterise what children are capable of achieving
(Gopnik, 2012; Johnston & Nahmad-Williams, 2009; Marotz & Allen, 2013). From birth to about 3 years of
age, children are able to focus their attention on particular features of their world. In their explanations and
play, they seek meaning for their experiences. They demonstrate an interest in why things occur and start to
use others as a source of information and learning. This often emerges as children repeat activities over and
over again, becoming immersed in their discoveries of new knowledge. Children’s language begins to reflect
their enquiries with questions starting with ‘why, how, who, when, where or what?’

In the 3–5-year-old category, children show a great deal of curiosity and interest in objects and living
things. They start to demonstrate an understanding of cause and effect, and realise that things can change.
Children of this age are able to articulate their own understandings and ask questions of others. They
investigate materials by using their senses appropriately and begin to identify features of living things and
objects they observe. Further, they begin to notice similarities and patterns in objects and events around them.

Children aged 5–8 develop dispositions for learning. They become adventurous in their thinking and
begin to reflect on their thinking processes. They develop further skills in problem-solving, inquiry,
experimentation, researching and investigating. Increasingly, they are able to transfer information from one
context to another, adapt what they have learnt, and start to develop their own explanations for observations
they make based on evidence they have collected. Finally, they are able to connect people, places, technologies
and materials to provide independent resources for their own learning.

Educators can build children’s science learning by recognising and scaffolding these capacities in young
children.
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Conclusion
This chapter described what science looks like in the early years. It acknowledged the curiosity and wonder
that young children show towards the natural world, and how that curiosity provides a logical connection to
science learning. Descriptions of the conceptual, procedural and attitudinal science knowledge that young
children can acquire through science were presented. The relationship between science and creativity was
discussed. A range of reasons why young children should engage with science were also presented. The
chapter highlighted that through active engagement with appropriate and meaningful science experiences and
their educators young children can see themselves as science learners and value science as interesting and
worth pursuing.
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Curiosity – children’s wondering, observing, exploring, questioning and discovering as they try to make
sense of the world.

Everyday science – refers to the way children interpret their science experiences based on their everyday
experiences.

Science – a body of knowledge and skills which help to explain our world and the interactions of living and
non-living elements within it.

Conceptual knowledge – understanding of, and about, science at a detailed level.

Procedural knowledge – the skills and procedures associated with doing science.

Attitudinal knowledge – attitudes and dispositions to enhance scientific thinking.

Right answer – a right answer allows children to answer based on their everyday experiences, and is not
necessarily the scientifically correct answer.

Creativity – a higher-order thinking skill which involves using the imagination to create a process or
product that is original and has value to the user.
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Chapter 2

Science and the national Early Years Learning
Framework

◈

Andrea Nolan

This chapter provides an overview of Australia’s first national curriculum framework for early childhood
educators, published as Belonging, Being and Becoming: The Early Years Learning Framework for Australia
(DEEWR, 2009). It traces the development of the EYLF, situating it alongside existing national and
international frameworks and curriculum documents. It discusses the rationale for the new structure, the
underpinning philosophies and the implications these have for educators’ practices and children’s learning.
The ‘belonging’, ‘being’ and ‘becoming’ motifs are explained in light of teaching and learning in the early
years, along with the eight practice elements, five principle elements and five learning outcomes stated within
the EYLF. The relevance of these in relation to teaching science in the early years is made clear, concluding
with the identification of the science outcomes for children within the framework. This chapter firmly
establishes the purpose of the national framework and its ramifications for the teaching of science in the early
years. Throughout the chapter, the voices of early childhood educators and early childhood teacher educators
are highlighted to illustrate how those working in the sector are engaging with the framework.

Objectives

At the end of this chapter you will be able to:

recognise how the Early Years Learning Framework (EYLF) sits historically with international
research and understandings

recognise how the EYLF provides for teaching and learning in science in early childhood settings

describe the principles and outcomes within the EYLF, with reference to pedagogy, play and
embedded values

identify ways that educators can enhance science learning through attending to the EYLF.
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Evolution of the framework
In 2009, Australia saw the development of its first national framework to guide the early childhood
curriculum and practice for those working with children aged from birth to 5 years in a range of early
childhood settings. This was a direct result of the Council of Australian Governments’ (COAG, 2008)
reform agenda in the areas of early childhood education and care. With the election of the Rudd Labor
government in 2007, the ‘productivity agenda’ surfaced, underpinned by a firm commitment to increasing
investment in social and human capital as a way to strengthen the Australian economy. Education was seen as
a key component of this agenda, with early childhood education and care receiving attention through the
commitment to improvement of program quality. The COAG vision for 2010, that ‘all children have the best
start in life to create a better future for themselves and for the nation’, saw state and territory governments
collaborate on a National Quality Agenda for Early Childhood Education and Care. The new framework, the
EYLF, was a key element of this quality agenda as it ‘form[ed] the foundation for ensuring that children in all
early childhood education and care settings experience quality teaching and learning’ (DEEWR, 2009, p. 5).
It was aligned with the National Quality Standard (NQS) (Quality Area 1), with the expectation that staff
working in programs for young children would engage with the framework in designing and implementing
their programs, thereby ensuring that children’s learning from birth to 5 years of age and through the
transition to school was extended and enriched (DEEWR, 2009).
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The international context

A search of the international literature (VCAA, 2008) found a proliferation of curriculum frameworks and
learning documents employed in the early childhood years. While these frameworks vary in the age range
catered for and differ in the definition of the term ‘curriculum’ and its intentions, there are common themes
that have implications for practice. These include:

Within these frameworks children are positioned as competent and capable citizens. The social nature of
learning is acknowledged, children are valued for who they are and what they bring to the learning situation,
and play is recognised as the context through which a young child learns. Overarching elements that underpin
quality programs take a strength-based approach towards documenting, assessing and planning for children,
providing continuity of service provision in well-resourced programs, and ensuring practice is informed by
research evidence, and that literacy and numeracy are embedded into learning documents.

Principles that can be drawn from an analysis of the frameworks (VCAA, 2008) that determine what is
provided for children and how this is provided include:

These principles have been carried into Australia’s framework.

recognition of the early years, especially the first three years of life, as important for laying the
foundation for later learning

the link between quality programs and later economic benefits

acknowledgement that changes in family lifestyles require changes in the care provisions offered

working in partnerships, leading to ‘a shared sense of responsibility and shared commitment to
children and their education’ (VCAA, 2008, p. 24).

acknowledging that children have rights (United Nations Declaration of the Rights of the Child,
1959)

valuing the richness and uniqueness that each child brings to learning situations (cultural diversity,
different understandings of literacy)

understanding the impact that environments and relationships have on shaping the learning that takes
place within them.
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The Australian context

Most Australian states already had in place their own frameworks and curriculum documents prior to the
development of the national framework. However, these differed as to the age range described and the
language used within the documents. For example, in Tasmania and New South Wales, the provision was for
children from birth to 5 years of age, whereas in Western Australia, Queensland, the Australian Capital
Territory and the Northern Territory children aged 3–5 years were the focus, and Tasmania used a common
language and common organisers across all children aged from birth to 16 years (VCAA, 2008). Therefore,
with the introduction of the new framework, decisions regarding how each state or territory would engage
with the new document were left up to the jurisdiction of that state or territory. For example, it was acceptable
that the EYLF be used to supplement or complement existing frameworks, or that it completely replaced
current documents. In Victoria, the only Australian state with no framework already in place, the EYLF was
used as a foundation upon which the Victorian government developed the Victorian Early Years Learning
and Development Framework (VEYLDF) (DEECD, 2009). While this document echoed the features of the
EYLF, it broadened the scope to encompass the age range of birth to 8 years, thereby incorporating the
transition to school process.
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The EYLF structure and implications for teaching and learning in early
years settings

There are different layers in the EYLF, ranging from the main concepts of ‘belonging’, ‘being’ and ‘becoming’
to the ‘principles’, ‘practices’ and ‘learning outcomes’ set out within the framework. Belonging, being and
becoming are interwoven concepts or motifs that are strongly represented throughout the framework and act
as a reflection of a child’s life. ‘Belonging’ relates to feeling part of the group, family or community. ‘Being’ is
about living in the ‘now’ and understanding how you are positioned, accepted and valued. ‘Becoming’ refers to
change and how children grow, develop and adapt to new situations.

The principles, practices and learning outcomes are considered as ‘inter-related elements’ and valued as
‘fundamental to early childhood pedagogy and curriculum decision-making’ (DEEWR, 2009, p. 9). Put
simply, the ‘principles’ relate to educators’ beliefs about young children’s learning and how best this learning
can be supported. These, in turn, will inform educators’ ‘practices’ – ‘the doing’. The ‘learning outcomes’
connect with the skills, knowledge or dispositions that can be encouraged and supported in early childhood
settings in collaboration with others.

The five principles, informed by research and contemporary theories of teaching and learning, are
designed to strengthen and support early childhood educators’ practices, ensuring that their work with young
children demonstrates:

These principles, grounded in children’s learning and early childhood pedagogy, inform educators’ practice
with children.

The ‘practice’ element of the framework recognises that early childhood educators’ practices are informed
by a wide range of strategies to support children’s learning. The focus is on the teaching and learning context,
the interactions and the assessment for learning, planning and reflection on practice. Recognising that there is
interconnectedness in children’s learning between their health, physical and mental wellbeing, children’s
individual capabilities are acknowledged and built upon, and relevant learning opportunities are offered in
fitting and responsive ways. Purposeful teaching is incorporated and attention paid to the learning
environment to ensure it has a welcoming atmosphere with which children can identify and in which they feel
secure and supported. Indeed, practice is considered effective when the cultural and social contexts of children
and their families’ lives are valued, when transitions are planned for and continuity of learning is provided that
has individual children’s learning monitored, reflected upon and evaluated.

The ‘learning outcomes’ are broad in scope to cater for the complexity of each child’s learning journey.
These are designed to assist early childhood educators with respect to planning for children’s learning
outcomes and represent the inter-relatedness and complexity of children’s learning. These learning outcomes
are that children:

secure, respectful and reciprocal relationships

partnerships with families

high expectations and equity

respect for diversity

ongoing learning and reflective practice.
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Descriptors accompanying each learning outcome provide more guidance as to the knowledge, skills,
dispositions or learning processes that will demonstrate attainment of the outcome. However, the learning
outcomes, while providing the content and processes, do not clearly articulate how these can be identified and
achieved (Krieg, 2011). Chapter 8 provides two detailed examples of how these five outcomes can be applied
to children’s science learning experiences.

have a strong sense of identity

are connected with and contribute to their world

have a strong sense of wellbeing

are confident and involved learners

are effective communicators.
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Valuing different views
The EYLF was developed with the intention of not only supporting good practice, which was already
happening within the sector, but also to create a space in which dialogue could take place in relation to early
childhood pedagogy, curriculum and discourses (Sumsion et al., 2009). It was designed to be flexible so it
could be interpreted in ways that were relevant to the culture or context of the setting and broad enough in
scope to be respectful of the many theories and discourses held by those working in the early childhood
education and care sector (Raban et al., 2005). This means that the language used in the framework was
deliberately chosen to ensure that it could ‘cross borders and divides, resonate with diverse audiences, and be
taken up differently within different discourses and narratives’ (Sumsion et al., 2009, p. 8).

If we believe that what a society values and strives for is reflected in a curriculum (Reid, 2008), then this
leaves curriculum frameworks vulnerable to the changing beliefs of society regarding what is valuable and what
should be privileged. This is true within the early childhood sector, where differing theoretical perspectives
position children and their learning differently (Raban et al., 2007). This has ramifications for the planning
and interactions that take place within an early childhood setting. For example, while many of the current
perspectives on early childhood education embrace a sociocultural approach to working with young children
and their families, there is still a well-supported discourse that takes a more developmental view of learning
and teaching. The framework therefore does not impose one overarching theoretical perspective, instead
allowing each educator to engage with the document in their own way. By doing this, it acknowledges
educators working from theoretical perspectives, such as developmental, sociocultural, socio-behavioural,
critical and poststructural, creating an opportunity for educators to connect with the framework in ways that
are responsive to their own beliefs and understandings about teaching and learning.
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Learning through play

Inherent to the early childhood sector are ideas held about the nature of young children and the learning
processes of early childhood. Early childhood education has traditionally devised and implemented play-based
programs, which have aimed to extend each child’s development in the social, emotional, linguistic, cognitive
and physical areas. For many years, play has been seen by the early childhood sector as the most natural and
appropriate learning medium (Wood, 2009). When questioned about play, common sentiments expressed by
early childhood educators include viewing play as a motivating force in a child’s intellectual development,
using play as a way for children to discover themselves and their world, and the importance of play in
providing a vehicle for learning. Play is therefore seen as a vital component in a child’s overall learning,
needing to be supported and respected. In Australia this perspective on play has been articulated in policy
terms by the COAG Productivity Agenda Working Group: Education, Skills, Training and Early Childhood
Development (COAG, 2008), which describes the role of play in early learning as ‘integral to the delivery of
early learning programs for children from birth and in all care environments’ (p. 16), providing ‘a platform for
children and teachers to participate in meaningful learning’ (p. 40). Bruce (1991) proposed that a quality early
years curriculum involved three aspects, defined as:

The role of play in supporting children’s learning in care environments is the topic of Chapter 7.
There is a deliberate emphasis on play-based learning within the EYLF in recognition of play being the

context within which young children learn. How play is defined in the framework has been described as
encompassing both the ‘historical and contemporary arguments about the role of play in children’s learning’
(Edwards & Cutter-Mackenzie, 2011, p. 53). As is stated in the EYLF, ‘Play can expand children’s thinking
and enhance their desire to know and to learn’ (DEEWR, 2009, p. 15). Considering play in this way exposes
the many significant characteristics that can be connected to enhance a child’s learning capacity, such as
motivation, sense of self and empowerment, as well as a focus on the process rather than on the product
(Nolan, Kilderry & O’Grady, 2006). However, finding a unity between playing, learning and teaching is
important (Wood, 2009), as ‘play, unfettered by adult awareness or response, is insufficiently educative for
groups of young children’ (Scales et al., 1991, p. 17). Enabling children to become ‘builders of knowledge
structures’, actively receiving information and relating this to other aspects of their lives and to previous
information, relies on the adult and child being seen as ‘co-constructors in the learning relationship, working
within a rich, stimulating learning environment’ (Nolan, Kilderry & O’Grady, 2006, p. 8). A defined role for
early childhood educators has been outlined in the EYLF and is addressed in the principles and practice
elements of the document.

the child – the process of play as part of the child’s development

the context – people, culture and environment and access to play

the content – what the child knows, wants to know and is expected to learn, and the role of play in
facilitating this.
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Figure 2.1 Children exploring what they are interested in – the natural environment and the small animals
that live beneath the leaf litter

Overall, the EYLF enables educators, no matter the context, to aspire to developing ‘a clear focus on
children’s learning and wellbeing, a shared language for curriculum in the early childhood sector, a base for
planning, promoting and assessing for learning, improved quality in early childhood settings, cultural security
for Aboriginal and Torres Strait Islander children and their families, and including all families and
communities in children’s learning’ (DEEWR, 2010, p. 3).

45



Differing pedagogies

The approach of the EYLF is that learning occurs through the interplay of intentional teaching, and through
both adult-guided and child-directed experiences, which provide opportunities for free exploration and
experimentation along with focused and deliberate teaching. This provides a rich range of pedagogical
practices from which educators can draw to ensure they are providing a stimulating program. Nolan and
colleagues (2006, p. 14) suggested that learning as a function of experience involves taking the initiative
instead of waiting to be told; generating useful alternatives and making decisions; solving problems, posing
problems and designing ways forward; and thinking, pondering and revisiting ideas. With the EYLF
signalling intentional teaching as ‘deliberate, purposeful and thoughtful’ (DEEWR, 2009, p. 15), it is
important that educators are exposed to the possibilities of opening up their teaching to incorporate scientific
processes. Strategies such as open questioning, demonstrating, speculating and problem-solving are in
harmony with encouraging children to incorporate scientific content, processes and methods into their own
learning journeys.

Encouraging children to take an enquiring approach to their learning sits comfortably with the discipline
of science. Considering teaching and learning from this perspective opens up possibilities in thinking and
processing learning, enriching that learning, and enabling complexities to be exposed along with different
ways of thinking. Fleer and Raban (2007) use the term ‘consciousness raising’ when outlining early childhood
educators’ work in enhancing young children’s literacy and numeracy learning. They draw attention to the
new thinking about children’s learning, which highlights the importance of educators harnessing children’s
everyday experiences and connecting and building on the literacy and numeracy concepts they develop
through these experiences. This way of working transforms children’s thinking. It can also be applied to
scientific concepts and fits well with the practices and outcomes of the EYLF. The following example,
provided by an early childhood teacher educator exemplifies this way of working:

As teacher educators we try and encourage our student teachers to look at everyday experiences related to
the child and see the science in them. They need to be providing open-ended experiences that promote
imagination and a sense of wonder and awe, where children can actually ask further questions. I suppose
the big thing that I would say is that the experiences provide meaning to a child, that’s very important,
and that as early childhood educators we actually promote conversations that are rich with questions. It’s
about building the children’s language, vocabulary, scientific terms, so there is a sense of integration in all
areas of the curriculum. So I think science, what does it look like, that it’s really just the everyday
experiences, but when you have someone who really recognises that, there will be rich things happening
in the language used, and the extension of the learning taking place. It’s about creating that wonder.
(Interview BS, 2011)

This example outlines how an educator can work with children in a way that connects their everyday
experiences to a more heightened awareness of scientific concepts, prompting further thought. However, as
one early childhood educator warns:

It depends on the educator’s awareness, to bring science to the surface, to make it visible for the children,
because if they’re not aware then it will pass and it doesn’t go anywhere. (Interview JH, 2011)

It is suggested that early childhood educators ‘work with children in ways that support their interaction with
new ideas found in content knowledge through a process where this new knowledge is used to test their own
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experience’ (Krieg, 2011, pp. 52–3). No singular, particular knowledge base has dominance over others in this
co-construction of meaning. Denying children this engagement with discipline-based knowledge restricts
their opportunities to understand the complexities of their world (Krieg, 2011).
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Science and the EYLF: learning outcomes
In their text The Scientist in the Crib: Minds, Brains and How Children Learn, Gopnik, Melzoff and Kuhl
(1999) discuss the theory and science of how young children learn and what is needed for them to thrive.
They illustrate how what adults take as mundane can become rich learning environments for children. It is
therefore important for educators to understand, capture and relive this sense of wonder and knowledge so
they can bring it into their programming. The EYLF allows for this to happen.

The Early Years Learning Framework is like the foundations, but then you bring your own knowledge
and you build your own house. Each house will look different as each educator brings different elements
to their teaching. So if you’re inclined to provide a sense of awe and excitement in your program you
would be able to do that within the framework because you would see that in the framework. (Interview
BS, 2011).

When the teaching and learning of science is considered, the EYLF does provide many opportunities to
engage children in science content, scientific processes and the use of scientific language. Science is one of the
discipline areas named in the framework; however, the content does not sit solely within one of the learning
outcomes but is dispersed throughout the outcomes. For example, there are references to the natural and built
environments, and living and non-living things, but also throughout the framework is the use of learning
processes drawn from the science discipline, such as exploration, hypothesising, enquiring, researching and
investigating. As one educator suggests (interview JH, 2011): ‘I think science is really everything we do. It’s
part of everything and it’s not a separate thing. It’s embedded in everything and connected.’

While not always specifically nominated as science, many of the descriptors of the outcomes and the
associated processes and practices do involve children engaging in science content or processes drawn from the
discipline. For example, Outcome 1 focuses on children learning about themselves and their own identity
within the context of families, communities and the environment. It relates to children showing increasing
initiative and curiosity about their world. When safe, secure and supported, children grow in confidence to
explore, discover and learn.

Outcome 2 relates to children being connected with and contributing to their world. This outcome
speaks of a broadening of a child’s understanding in relation to their world through the investigation and
exploration of ideas. It is also concerned with children participating in problem-solving; demonstrating
knowledge, respect and care for natural and constructed environments; inferring, predicting and hypothesising
to increase understanding of the interdependence between land, people, plants and animals; exploring
relationships with living and non-living things; observing change; and developing environmental awareness in
order to become socially responsible and to show respect for the environment.

Outcome 3 focuses on wellbeing, with children encouraged to seek out new challenges, to make new
discoveries, and to celebrate their own efforts and achievements and those of others. Taking increasing
responsibility for their own health and physical wellbeing, children use their sensory capabilities and
dispositions to explore and respond to their world.

Children are positioned as confident and involved learners in Outcome 4. This outcome also has strong
links to science through the development of dispositions for learning such as curiosity. In applying a range of
skills and processes taken from the discipline of science, such as problem-solving, inquiring, experimenting,
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hypothesising, researching and investigating, children are able to deepen their understandings of their world,
making connections between experiences, concepts and processes.

Figure 2.2 Science involves observing closely – sometimes aided by tools

Expressing ideas, making meaning using a range of media and texts, and interacting verbally and non-
verbally all relate to Outcome 5: that children are effective communicators. Science can provide the context
through which children can enjoy interactions with others, applying their senses, clarifying and challenging
their thinking, negotiating with others and sharing new understandings. This outcome, with its focus on
communication skills, can be incorporated into many science experiences in which ideas are exchanged, the
perspectives of others are listened to, understood and respected, and meaning is gained through
experimentation with ways of expressing ideas using a range of texts.

What becomes apparent is that the EYLF provides many opportunities to engage children with science
and these are dispersed throughout the five learning outcomes.

Case study 2.1  Science in the EYLF

Fiona, an experienced early childhood educator, offers the following interpretation of the framework
in relation to science:

The framework opens it up for science. For example in Outcome 4: children are confident and
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The framework opens it up for science. For example in Outcome 4: children are confident and
involved learners – the wording such as curiosity, problem-solving, experimenting, hypothesising,
investigating and researching make you think about science. There is a nice link to taking a
scientific approach to teaching and learning. The framework also enables me to provide science
experiences as a way to achieve Outcome 2: children are connected with and contribute to their
world. Science provides an opportunity for boys to become part of the group dynamics – whereas
girls can use role-playing as a way to do that, scientific things seem a positive way to engage all
children. (Interview FG, 2011)

Reflection

1. Where do you see science within the EYLF?

2. Consider a science activity in which you have seen children engage. Which of the learning
outcomes were addressed in this activity?

The learning outcomes enable specific processes drawn from other disciplines to be harnessed in order to
enhance the learning taking place, so that it presents as holistic. Engagement with discipline content and
methods opens up ‘another way of knowing’ (Krieg, 2011, p. 53), which further acts to support children’s
learning. This broadens the possibility for educators to take a multidisciplinary approach to inquiry-based
learning and teaching, driven by the children’s desire to understand their world (Krieg, 2011). Working in this
way allows the educator to view disciplinary knowledge, in this case knowledge relating to science, not as
compartmentalised and reduced to a number of facts that need to be learnt but as dynamic and embedded
within the context in which it was created and produced (Fleer, 2010). The following description of science
teaching by an early childhood educator illustrates this:

Well, what does science teaching really look like? It’s about all the experiences children have. It’s not
about ‘I’m going to particularly set up a science experiment’. It’s about recognising the science within an
everyday experience. An example I give often is the baby who tips their toy or their cup over the side of
their high chair and watches it fall and somebody picks it up and gives it back to them, and so the baby
tips it over again. That’s about science and exploring properties of objects, and gravity … (Interview JH,
2011)

Elliott (2010b), when looking for connections with play in nature, reminds us that we need to look beyond
the obvious in the framework to discover some of the different layers that can add complexity and depth to
our work. For example, she challenges the extension of ‘belonging’, ‘being’ and ‘becoming’ to encompass
children’s connection to natural environments and the impact these have on children’s sense of agency,
relationships and empowerment (Elliott, 2010a). This notion of looking beyond the framework and using the
document as a springboard to new possibilities for teaching and learning could, however, be more difficult for
some educators, as suggested by an experienced early childhood educator:

Whilst the framework is so open and offers many possibilities, it does depend on how early childhood
educators engage with it. They need to be open to the possibilities it offers, not just keep doing what they
have always done without questioning their practice. (Interview JH, 2011)
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Practical task  Linking science to the EYLF outcomes and descriptors

Read through Table 2.1, which provides examples of how science can be linked to the outcomes and
descriptors of the EYLF. This table only presents three examples for each descriptor, and should not
be considered an exhaustive list. Many of the descriptors presented in the EYLF can make strong
connections to science. See if you can add two more examples for each descriptor.

Table 2.1  Examples of how science can be linked to the outcomes and descriptors of the EYLF

Learning Outcome 1: Children have a strong sense of identity

Descriptor Evident when children

Children feel safe, secure and
supported

Children develop their emerging
autonomy, interdependence,
resilience and sense of agency

Children develop knowledgeable
and confident self-identities

Children learn to interact in
relation to others with care,
empathy and respect

Learning Outcome 2: Children are connected with and contribute to their world

Descriptor Evident when children

Children develop a sense of belonging to groups and
communities and an understanding of the reciprocal
rights and responsibilities necessary for active
community participation

Interact with the natural environment with confidence

Undertake their own investigations

Readily express their ideas about the world

Are open to new discoveries

Develop their sense of agency in exploring science
phenomena

Persevere with a science-related task

Share science done at home with other children and
educators

Interact with other children for a specific purpose in the
natural environment

Celebrate and share their science discoveries and
successes

Express a range of thoughts and views on their
understandings of the world

Respect others’ thoughts and views of the world

Develop empathy towards the environment and the part
they play in it

Broaden their understanding of the
world in which they live

Work with others to develop skills for
communication and inquiry about
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Children respond to diversity with respect

Children become aware of fairness

Children become socially responsible and show
respect for the environment

Learning Outcome 3: Children have a strong sense of wellbeing

Descriptor Evident when children

Children become strong in their social and emotional
wellbeing

Children take increasing responsibility for their own
health and physical wellbeing

themselves and their world

Contribute to ongoing indoor or outdoor
science-related projects

Begin to understand how all people,
places and living things are inter-related
and coexist

Begin to notice similarities and
differences in the characteristics of
themselves and others

Listen to others’ ideas and explanations
of the world

Share with others

Become aware not to take more than
allowed when making collections of
natural objects

Begin to act with compassion and
kindness to elements of the natural world

Demonstrate an increasing knowledge
of, and respect for, natural and
constructed environments

Explore relationships with other living
and non-living things and observe,
notice and respond to change

Show an awareness of pollution and the
need to pick up their own litter

Seek out new challenges, make new
discoveries, and celebrate their own
efforts and achievements and those of
others

Recognise the contributions they make
to shared projects and experiences

Make choices to behave in a safe manner
in the outdoor environment

Use their sensory capabilities and
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Learning Outcome 4: Children are confident and involved learners

Descriptor Evident when children

Children develop dispositions for learning, such as
curiosity, cooperation, confidence, creativity,
commitment, enthusiasm, persistence, imagination
and reflexivity

Children develop a range of skills and processes, such
as problem-solving, inquiry, experimentation,
hypothesising, researching and investigating

Children transfer and adapt what they have learned
from one context to another

Children resource their own learning through
connecting with people, place, technologies and
natural and processed materials

Use their sensory capabilities and
dispositions with increasing integration,
skill and purpose to explore and respond
to their world

Manipulate equipment and manage tools
to explore their world with increasing
competence and skill

Show enthusiasm for participating in the
natural environment to ensure the safety
of themselves and others

Express wonder and interest in their
environments

Use play to investigate, imagine and
explore ideas

Follow and extend their own interests
with enthusiasm, energy and
concentration

Apply a wide variety of thinking
strategies to engage with situations and
solve problems, and adapt these
strategies to new situations

Make predictions and generalisations
about their daily activities and aspects of
the natural world and environments

Manipulate objects and experiment with
cause and effect, trial and error, and
motion

Develop an ability to mirror, repeat and
practise the actions of others,
immediately or later

Make connections between experiences,
concepts and processes

Use the process of play, reflection and
investigation to solve problems

Use their senses to explore natural and
built environments
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Learning Outcome 5: Children are effective communicators

Descriptor Evident when children

Children interact verbally and non-verbally with
others for a range of purposes

Children engage with a range of texts and gain
meaning from these texts

Children express ideas and make meaning using a
range of media

Children begin to understand how symbols and
pattern systems work

Manipulate resources to investigate, take
apart, assemble, invent and construct

Explore ideas and theories using
imagination, creativity and play

Engage in enjoyable interactions using
verbal and non-verbal language

Respond verbally and non-verbally to
what they see, hear, touch, feel and taste

Interact with others to explore ideas and
concepts, clarify and challenge thinking,
negotiate and share understandings

View and listen to science printed, visual
and multimedia texts and respond with
relevant gestures, actions, comments
and/or questions

Explore science stories from a range of
different perspectives and begin to
analyse the meanings

Sing and chant science-related rhymes,
jingles and songs

Create artwork from a range of natural
and processed materials

Use the creative arts, such as drawing,
painting, sculpture, drama, dance,
movement, music and storytelling, to
express their science understandings

Experiment with ways of expressing
ideas and meaning using a range of
media

Use symbols in play to represent and
make meaning

Begin to be aware of the relationships
between oral, written and visual
representations

Begin to sort, categorise, order and
compare collections and events and
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Children use information and communication
technologies to access information, investigate ideas
and represent their thinking

Source: DEEWR, 2009.

attributes of objects and materials, in
their social and natural worlds

Use ICT to access images and
information, explore diverse perspectives
and make sense of their world

Use ICT as tools for designing, drawing,
editing, reflecting and composing

Engage with technology for fun and to
make meaning
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Conclusion
There is no doubt that those commissioned with the job of developing and trialling the EYLF were bound by
certain constraints and parameters, dictated by political considerations (Sumsion et al., 2009). Nevertheless,
their vision to create a document that encourages educators to use the framework as a base, and to also look
beyond it for further possibilities relating to practice, is realistic. The EYLF offers many possibilities for
science teaching and learning to occur, but it is up to each individual educator to be open to and to search for
opportunities to embed scientific skills, knowledge and processes into everyday programming. The role of the
educator is critical in noting, interpreting and then extending a child’s learning and, as such, the focus is on
pedagogy. By viewing the learning environment as reciprocal and responsive, including the interactions,
experiences and provocations offered, the opportunities for science within early childhood settings are many
and varied.

I think it’s just the way we work in early childhood. We don’t see things in little compartments. We
don’t say ‘This is a maths lesson, pay attention … this is a science lesson, pay attention’. So in that way, I
guess the framework is a very open document, and it’s having the passion or the interest or the
knowledge to look for the subject matter within it. (Interview BS, 2011).
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Chapter 3

Science in the Australian Curriculum
◈

Kathryn Paige

This chapter provides an overview of the Australian Curriculum: Science. The chapter starts with a brief
outline of the history of the Australian Curriculum. It then describes the three science strands of Science
Understanding, Science as Human Endeavour and Science Inquiry Skills, and considers how these should be
woven together to provide a framework for developing experiential, connected and sequential science learning
experiences for children in the early years. The seven general capabilities (literacy, numeracy, information and
communication technology [ICT] competence, critical and creative thinking, ethical behaviour, personal and
social competence, and intercultural understanding) and three cross-curriculum priorities (Aboriginal and
Torres Strait Islander histories and cultures, Asia and Australia’s engagement with Asia, and sustainability)
are presented, along with examples that relate to science in the early years. Various case studies provide an
insight into how the Australian Curriculum: Science can be implemented through connection to nature,
citizen science and place-based education.

Objectives

At the end of this chapter you will be able to:

outline the development of the Australian Curriculum: Science

describe the three strands of the Australian Curriculum: Science (Science Understanding, Science as
Human Endeavour and Science Inquiry Skills) and their associated sub-strands

relate the general capabilities and cross-curriculum priorities to science in the early years.
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A short history of the Australian Curriculum
In December 2008 the Melbourne Declaration on Educational Goals for Young Australians was agreed to by
all state, territory and Commonwealth Ministers of Education at a meeting of the Ministerial Council on
Education, Employment, Training and Youth Affairs (MCEETYA). This set the direction for schooling for
the next 10 years in Australia. The key goals were, first, that Australian schooling promote equity and
excellence and, second, that all young Australians become successful learners, confident and creative
individuals, who are active and informed citizens (MCEETYA, 2008). In May 2009 the Australian
Curriculum, Assessment and Reporting Authority (ACARA) board was established. Its responsibility was to
write Australia’s first national curriculum for Foundation (the first year of school) to Year 12 (F–12) in
specified learning areas along with a national assessment program to measure students’ progress. The ‘purpose
and framework’ was outlined in a paper titled The Shape of the Australian Curriculum, which provided
background to the development and for the implementation of the Australian Curriculum. A team of experts
from each of the learning areas also developed shaping papers; for example, The Shape of the Australian
Curriculum: Science guides the writing of the Australian science curriculum for F–12 (Australian Curriculum:
Science).

The Australian Curriculum was developed in collaboration with a wide range of stakeholders, including
teachers, principals, governments, state and territory education authorities, professional education
associations, community groups and the general public. The process of rolling out the curriculum began in
2010 with English, history, mathematics and science. The Australian Curriculum is the first national
curriculum to be made available online, which allows for ready access and also supports the ease of responsive
changes that can easily be tracked. ACARA is the overarching authority for school education. However, as
education is a function of each state, boards of education implement their own state curriculum documents
that must adhere to the national curriculum document.

The Australian Curriculum incorporates three key components that teachers must address in their
learning and teaching programs: learning areas, general capabilities and cross-curriculum priorities. Each of
these will be addressed in relation to teaching science in the early years.
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The science learning area

Science is one of eight learning areas that must be taught in the Australian Curriculum. Each learning area is
structured around a rationale, aims, year or band-level descriptions, information on the organisation of the
curriculum, content elaborations, annotated portfolios of student work samples and a glossary. Science is
described as a way of knowing and thinking that uses reproducible evidence to develop understandings and
explanations about how the world works. It is a human endeavour with an emphasis on both science as a body
of knowledge and understandings and the process of obtaining and using evidence to finding answers to the
‘big’ questions arising from our curiosity and interest (National Curriculum Board, 2009).

The Australian Curriculum: Science aims to provide:

opportunities for students to develop an understanding of important science concepts and processes, the
practices used to develop scientific knowledge of science’s contribution to our culture and society, and its
applications in our lives. The curriculum supports students to develop the scientific knowledge,
understandings and skills to make informed decisions about local, national and global issues and to
participate, if they so wish, in science-related careers. (ACARA, 2014c)

The aims of the Australian Curriculum: Science include developing an interest in and being curious about
science, understanding the process of science, recognising the place of evidence in science, an appreciation of
the historical contributions to the development of science, building science content knowledge, and
communicating science effectively.
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Science year groupings

The content of the Australian Curriculum: Science can be described across four year groupings that relate to
the nature of learners and the relevant curriculum. Foundation to Year 2 covers children aged 5–8 years. The
major curriculum focus in this age range is the awareness of self and the local world. This includes an
experiential approach with children using their senses to connect to the natural world and make sense of how
the world works. It also acknowledges the natural curiosity of young children and the place of exploratory play
in their learning. Further, these young children should be encouraged to:

observe and gather information, describing, making comparisons, sorting and classifying to create an
order that is meaningful. They observe and explore changes that vary in their rate and magnitude and
begin to describe relationships in the world around them. Students’ questions and ideas about the world
become increasingly purposeful. They are encouraged to develop explanatory ideas and test them through
further exploration. (ACARA, 2014d)

Children in Years 3–6 (8–12 years of age) have a science focus on recognising questions that can be
investigated scientifically and conducting those investigations. Students in junior secondary years – that is,
Years 7–10 (12–15 years of age) – focus on explaining phenomena involving science and its applications.
Finally, senior secondary science students focus on the specific disciplines of science.
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Content structure of the Australian Curriculum: Science
The Australian Curriculum: Science consists of three inter-related strands. These are Science Understanding,
Science as a Human Endeavour and Science Inquiry Skills. Science Understanding relates to science
concepts, Science as a Human Endeavour relates to the nature and influence of science, while Science Inquiry
Skills refer to the skills essential for working scientifically. Together, these three strands ‘provide students with
understanding, knowledge and skills through which they can develop a scientific view of the world’ (ACARA,
2014a). A summary of these three strands and their associated sub-strands are presented in Table 3.1. All
three strands should be woven together when planning and implementing a science unit.

Table 3.1 The three strands of the Australian Curriculum: Science and associated sub-strands

Science strands

Science Understanding Science as a Human
Endeavour

Science Inquiry Skills

Sub-strands Biological sciences Nature and development
of science

Questioning and
predicting

Chemical sciences Use and influence of
science

Planning and conducting

Earth and space sciences Processing and analysing
data and information

Physical sciences Evaluating
Communicating

Source: ACARA, 2014a.
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Science Understanding (SU)

Science Understanding is evident when a person selects and integrates appropriate science knowledge to
explain and predict phenomena, and applies that knowledge to new situations. Science knowledge refers
to facts, concepts, principles, laws, theories and models that have been established by scientists over time.
(ACARA, 2014a)

The content of SU is described by year level. The descriptors of SU across Foundation to Year 2 are presented
in Table 3.2. The SU strand comprises four sub-strands:

Table 3.2 Descriptors for Science Understanding (SU) sub-strands for Foundation to Year 2

Sub-strand Foundation Year1 Year 2

Biological sciences Living things have basic
needs, including food
and water (ACSSU002).

Living things have
a variety of external
features
(ACSSU017).

Living things live in
different places
where their needs
are met
(ACSSU211).

Living things grow,
change and have
offspring similar to
themselves
(ACSSU030).

Chemical sciences Objects are made of
materials that have
observable properties
(ACSSU003).

Everyday materials can
be physically changed in
a variety of ways
(ACSSU018).

Different materials can
be combined, including
by mixing, for a
particular purpose
(ACSSU031).

Earth and space sciences Daily and seasonal
changes in our
environment, including
the weather, affect
everyday life
(ACSSU004).

Observable changes
occur in the sky and
landscape (ACSSU019).

Earth’s resources,
including water, are used
in a variety of ways
(ACSSU032).

Physical sciences The way objects move
depends on a variety of
factors, including their
size and shape
(ACSSU005).

Light and sound are
produced by a range of
sources and can be
sensed (ACSSU020).

A push or a pull affects
how an object moves or
changes shape
(ACSSU033).

biological sciences: understanding living things

chemical sciences: understanding the composition and behaviour of substances

Earth and space sciences: understanding Earth’s dynamic structure and its place in the cosmos

physical sciences: understanding the nature of forces and motion, along with matter and energy.
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Note: sub-strand codes from the Australian Curriculum are included. Table 3.3 and Table 3.4 also
include sub-strand codes.
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Science as a Human Endeavour (SHE)

Science as a Human Endeavour highlights:

the development of science as a unique way of knowing and doing, and the role of science in
contemporary decision making and problem solving. It acknowledges that in making decisions about
science practices and applications, ethical and social implications must be taken into account. This strand
also recognises that science advances through the contributions of many different people from different
cultures and that there are many rewarding science-based career paths. (ACARA, 2014a)

The content in the SHE strand is described in two-year bands. The descriptors of SHE across Foundation to
Year 2 are presented in Table 3.3. There are two sub-strands of SHE:

Table 3.3 Descriptors of Science as Human Endeavour (SHE) sub-strands for Foundation to Year 2

Sub-strand Foundation Year1 Year 2

Nature and development
of science

Science involves
exploring and observing
the world using the
senses (ACSHE013).

Science involves asking
questions about, and
describing changes in,
objects and events
(ACSHE021).

Science involves asking
questions about, and
describing changes in
objects and events
(ACSHE034).

Use and influence of
science

People use science in
their daily lives,
including when caring
for their environment
and living things
(ACSHE022).

People use science in
their daily lives,
including when caring
for their environment
and living things
(ACSHE035).

Source: ACARA, 2014d.

nature and development of science: this sub-strand develops an appreciation of the unique nature of
science and scientific knowledge, including how current knowledge has developed over time through
the actions of many people

use and influence of science: this sub-strand explores how science knowledge and applications affect
people’s lives, including their work, and how science is influenced by society and can be used to inform
decisions and actions.
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Science Inquiry Skills (SIS)

Science Inquiry Skills involve:

identifying and posing questions; planning, conducting and reflecting on investigations; processing,
analysing and interpreting evidence; and communicating findings. This strand is concerned with
evaluating claims, investigating ideas, solving problems, drawing valid conclusions and developing
evidence-based arguments. (ACARA, 2014a)

The content in the SIS strand is described in two-year bands. A summary of SIS across Foundation to Year 2
is presented in Table 3.4. There are five sub-strands of SIS:

Table 3.4 Science Inquiry Skills (SIS) sub-strands and content descriptors for Foundation to Year 2

Sub-strand Foundation Year1 Year 2

Questioning and
predicting

Respond to questions
about familiar objects
and events (ACSIS014).

Respond to and pose
questions, and make
predictions about
familiar objects and
events (ACSIS024).

Respond to and pose
questions, and make
predictions about
familiar objects and
events (ACSIS037).

Planning and
conducting

Explore and make
observations by using the
senses (ACSIS011).

Participate in
different types of
guided
investigations to
explore and answer
questions, such as
manipulating
materials, testing
ideas, and accessing
information sources
(ACSIS025).

Use informal
measurements in
the collection and

Participate in
different types of
guided
investigations to
explore and answer
questions, such as
manipulating
materials, testing
ideas, and accessing
information sources
(ACSIS038).

Use informal
measurements in
the collection and

questioning and predicting: identifying and constructing questions, proposing hypotheses and
suggesting possible outcomes

planning and conducting: making decisions regarding how to investigate or solve a problem and
carrying out an investigation, including the collection of data

processing and analysing data and information: representing data in meaningful and useful ways,
identifying trends, patterns and relationships in data, and using this evidence to justify conclusions

evaluating: considering the quality of available evidence and the merit or significance of a claim,
proposition or conclusion with reference to that evidence

communicating: conveying information or ideas to others through appropriate representations, text
types and modes.
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recording of
observations, with
the assistance of
digital technologies
as appropriate
(ACSIS026).

recording of
observations, with
the assistance of
digital technologies
as appropriate
(ACSIS039).

Processing and
analysing data and
information

Engage in discussions
about observations and
use methods such as
drawing to represent
ideas (ACSIS233).

Use a range of methods
to sort information,
including drawings and
provided tables
(ACSIS027)

Use a range of methods
to sort information,
including drawings and
provided tables
(ACSIS040).

Evaluating Compare observations
with those of others
(ACSIS213).

Compare observations
with those of others
(ACSIS041).

Communicating Share observations and
ideas (ACSIS012)

Represent and
communicate
observations and ideas in
a variety of ways such as
oral and written
language, drawing and
role play (ACSIS029).

Represent and
communicate
observations and ideas in
a variety of ways such as
oral and written
language, drawing and
role play (ACSIS042).

Source: ACARA, 2014d.

Practical task  Mind maps

Create a mind map that presents the strands and sub-strands of the Australian Curriculum: Science.
Provide a definition for SU, SHE and SIS on this mind map. Indicate how these definitions fit with
the descriptors in the Early Years Learning Framework which make strong connections to science.
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Citizen science as a means of teaching and learning science

Citizen science involves scientists and the community collecting scientific data together. Using the community
allows scientists to collect extensive data sets that are normally beyond their reach (Bonney et al., 2009). From
an educator’s point of view, using the community provides opportunities for children to be involved in science
with their parents and grandparents (Paige et al., 2010). Participating in citizen science projects allows
teachers to interweave the three strands of SU, SHE and SIS to create a rich and engaging unit that connects
children to the natural environment as well as an opportunity for children to build their sense of community
contribution and belonging (Paige et al., 2012). The inquiry process underpinning citizen science is also a key
to teaching science in a Foundation year class. This process has an emphasis on active learning through
incorporating scientific skills and abilities, such as posing questions and planning investigations in order to
develop conceptual understanding.

Case study 3.1  ‘Operation Spider’ for the early years

In 2010 a Foundation class in a primary school conducted a citizen science project in South Australia
entitled ‘Operation Spider’. Spiders were an ideal topic for schools as they inhabit locations, such as
home and school gardens, that are common places in which children spend time.

The term program engaged parents and children by asking them to tick a large graph on the
classroom wall to indicate whether they thought spiders had one, two or three body parts. Beginning a
topic by eliciting prior knowledge values the experiences and knowledge of the children and is an
effective way of creating engagement as well as a useful method for formative assessment. Including
parents reflects the importance placed on community involvement in supporting children’s learning.
There was a wide variety of understandings in the children, educators and parents, with many adults
holding alternative conceptions of the physical characteristics of a spider. Following this, the children
used a variety of material, such as egg cartons, pipe cleaners, plasticine and play dough to construct a
spider and label the parts they knew. This also determined their prior knowledge about the number of
body parts and the number of legs. Photographs were taken and included in the children’s workbooks.
These were referred to when showing how the children’s ideas were developing over the course of the
unit.

In order to develop the children’s understanding towards a more scientifically accurate view of
spiders, a series of exploratory experiences were undertaken. Children observed spiders from three
different sources: those caught from home and brought to school in large glass jars, a set of spiders in
Perspex, and full-sized images of spiders shown on the interactive whiteboard. Conversations about
how to look after spiders and what they need to survive became a focus of early morning talks with the
children. Transferring a spider into a larger terrarium that contained water, twigs and ground matter
allowed for ongoing observation of spiders’ behavior. Fact sheets about local spiders were helpful in
assisting the children with identification of different spiders. Subsequently, the children were able to
identify local species, such as huntsman, redback and garden orb spiders.

The children were asked to use their imagination and draw a crazy spider based on the artwork of
an artist exaggerating the features of a spider. This helped the children to reflect on their
understanding about physical characteristics and the behaviour of spiders and to use their creative
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thinking skills to represent this knowledge in a cartoon-type drawing. During these exploratory
experiences, questions that the children had about spiders were written on a large chart. These
included: ‘Is a daddy long legs a spider?’, ‘Can a spider live in snow?’, ‘What are fangs for?’, ‘Do spiders
have mouths?’, ‘Where do spiders live in the school grounds?’, ‘Do all spiders spin webs?’, ‘What is the
biggest spider?’ and ‘What do spiders eat?’ These questions led to specific investigations, including
locating and marking spider webs and spiders on a school map and observing what and how the spider
in the terrarium ate as different insects were added. The class then used this information about local
spiders and contributed to a state-based citizen science online survey. The survey had two main tasks.
The first involved asking questions about attitudes to spiders and what we would do if we saw a
redback or a huntsman. Options ranging from ‘leave it where it was’ to ‘kill it with fly spray’ were
provided. The conversation was rich as children discussed which option best reflected their view of
their attitude towards spiders. The educator noted the children’s attitude over the course of the unit: it
changed from one of fear, to one of knowing spiders have a role in the ecosystem and we should leave
them if there is no danger. The second task was completing an observational survey. This was a
comprehensive survey asking for data about survey area, spider type and count and requiring the
children to upload a photograph. The class uploaded information about three different spiders as a
collaborative response to the series of questions on the website. This information was used by
scientists to produce a more accurate picture of the urban ecology of the area. One 5-year-old boy who
became totally engaged with spiders uploaded several of his observations at home with the support of
his family, including his grandfather.
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Figure 3.1  Children’s drawings of spiders in a web

Source: © Janette Leibhardt.

‘Operation Spider’ linked to all three strands of the Australian Curriculum: Science. The SU strand
(biological sciences) at Foundation level has a focus on living things and their needs. Questions such as the
following could be addressed: ‘Should we keep a spider as a pet?’, ‘How would we care for it?’, ‘Where do
spiders live?’, ‘What do they eat?’ In Year 1 the focus is on the external features of living things. Thus,
identifying whether you have a spider, and what key structures they have (two body parts, fangs, pedipalps,
spinnerets and eight legs attached to the cephalothorax) could be addressed. In Year 2 the emphasis is on how
livings things grow: how do spiders grow (exoskeletons and moult) and reproduce (egg sacs). Thus, working
with the topic of spiders allows the SU sub-strand of biological sciences to be covered. Further, this case study
also highlights how different focuses for different year levels could be covered if working with a composite
class.

In the SIS strand children learnt about spiders by actively developing their inquiry skills of observation,
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In the SIS strand children learnt about spiders by actively developing their inquiry skills of observation,
drawing, counting, labelling, asking questions and communicating. Science investigations emerging from the
children’s questions about spiders were a key aspect of the science inquiry process, with this process replicating
how scientists work. The SHE strand was covered as the children were acting as scientists themselves, asking
questions and describing changes, and seeing how science is used in everyday lives and when caring for living
things. It was also evident when exploring Indigenous stories about spiders (for example, ‘Wankaku Ngura: A
Pitjantjatjara Story’), and contributing information to a scientific database.

Overall, this case study shows how the three strands of the Australian Curriculum: Science can be woven
together in teaching a unit of work. It also highlights the value of connecting with citizen science projects to
assist in programming and delivering engaging units of work. The citizen science work on spiders extended
learning beyond science. Students engaged in art, communication, relationship-building and connectivity to
their natural world, which illustrates the interdisciplinary nature of learning when topics are connected to
students’ lives. This is recognised in the Australian Curriculum through the general capabilities.

Reflection

1. When children ‘act as scientists’, many strands and sub-strands of the Australian Curriculum:
Science can be covered. What does it mean to allow children to ‘act as scientists’?

2. What strategies were used in Case study 3.1 to weave SU, SHE and SIS into the science
program? How can you incorporate these into your practice?
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General capabilities
General capabilities are described as knowledge, skills, behaviours and dispositions that assist students to live
and work successfully in the 21st century (ACARA, 2014b). The seven general capabilities are literacy,
numeracy, information and communication technology (ICT) competence, critical and creative thinking,
ethical understanding, personal and social competence, and intercultural understanding. The inclusion of the
capabilities of intercultural understanding and ethical understanding innovatively set the Australian general
capabilities apart from most other generated lists of required skills for 21st-century citizens. It is important to
be aware that the general capabilities are inter-related and interconnected, and several may be evident within
the same activity. Further, they complement the key learning outcomes of the Early Years Learning
Framework. The ACARA website has detailed descriptions of each general capability. Table 3.5 presents a
summary of the general capabilities, along with a definition of each and examples of how the capabilities can
be embedded in the early year’s science curriculum.

Table 3.5 Summary of the general capabilities and their application to science in the early years

General capability Definition Examples

Numeracy Children become numerate as
they use and choose mathematics
confidently across other learning
areas at school and in their lives
more broadly.

Collect and describe data
about the distance cars roll
on different surfaces – e.g.
create column graphs using
cut streamers to compare
distance rolled.

Use a school map to show
where spiders were found in
different locations.

Look for patterns, such as
the symmetry on leaves.

Estimate and measure the
distance of a snail trail.

Literacy Literacy involves children in
listening to, reading, viewing,
speaking, writing and creating
oral, print, visual and digital texts,
and using and modifying
language for different purposes in
a range of contexts.

Read fiction and non-fiction
books about day and night
to infer how environmental
changes affect living things.

Sketch and annotate a
diagram of the external parts
of a plant or animal.

Create a sequential
explanation of changes over
time (e.g. using annotated
photographs of a tree in
different seasons).

Compare a cartoon drawing
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Compare a cartoon drawing
to a real animal, discussing
why and how it is different,
and inferring why the artist
has made those
modifications.

ICT ICT capability is based on the
assumption that technologies are
digital tools that enable children
to solve problems and carry out
tasks.

Use a digital camera to take
photographs of a flower over
time.

Use slowmation to show
how a toy works.

Use an iPad app to identify
invertebrates found in the
schoolyard.

Share ideas and data with
students and parents on a
class blog.

Critical and creative thinking Critical and creative thinking
involves children thinking
broadly and deeply using skills,
behaviours and dispositions such
as reason, logic, resourcefulness,
imagination and innovation.

Pose questions or make
suggestions about how to
look after the local
environment.

Explain the similarities and
differences between spiders
and Spiderman.

Make decisions about what
to plant in the garden for
each season using
information about the
plant’s needs for rain,
sunshine, etc.

Generate questions about
where and when to obtain
the longest shadows.

Personal and social competence Personal and social competence
involves children recognising and
regulating emotions, developing
empathy for others and
understanding relationships,
establishing and building positive
relationships, making responsible
decisions and working effectively
in teams.

Work in a small group to
role play, demonstrating
skills in independent
decision-making and
cooperation.

Organise their team with
specific roles to complete
tasks effectively – e.g.
contributing to the care of a
class pet, or taking different
team roles in a science
experiment.
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Contribute to the
improvement of a small
section of the schoolyard.

Build community
connections between
children’s school and home
lives as they relate to both
teachers and parents in their
learning.

Ethical understanding Ethical understanding involves
children building a strong
personal and socially oriented
ethical outlook that helps them to
manage context, conflict and
uncertainty.

Discuss the suitability of
keeping an animal as a class
pet, and the responsibility
for meeting its needs.

Give reasons for differences
in points of view about their
attitudes to and actions
regarding different things,
e.g. animals, foods,
activities, issues or
environments.

Think about how the
decisions they make
positively or negatively
impact the environment.

Consider fairness when
sharing equipment or
allocating group roles.

Intercultural understanding Intercultural understanding
involves children in learning
about and engaging with diverse
cultures in ways that recognise
commonalities and differences,
create connections with others
and cultivate mutual respect.

Discuss why different
materials are chosen (e.g. for
housing, clothes) in different
places in the world.

Collect information about
the temperature and weather
conditions in other places.

Listen to stories from other
cultures about scientific
phenomena, e.g. Indigenous
stories of the night sky, and
consider the underlying
message.

Explore different cultural
ways of cooking.

Source: ACARA, 2014b.

Case study 3.2  Building mud bricks
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This case study shows how the general capabilities are evident in the science learning area. A Year 2
class in a small rural school setting took many opportunities to teach and learn science (and other
learning areas) in the outdoor classroom. In this particular school there was an area of natural space
where children often chose to play during lunch breaks, and making cubby houses with natural
materials was a popular activity.

On one occasion, during a science teaching unit on different materials and their composition, the
children were asked to wear old clothes to school or overalls purchased from the local hardware store.
Outside they were asked to explore the best consistency for making mud bricks. They had a range of
materials to select from, including sticks, pebbles, soil, leaves and water. The children squeezed, piled,
squelched and delighted as they learnt and played with the natural materials. Using their hands as
moulds they set about making small structures of soil and sticks in the dirt space on the edge of the
asphalt playground. The structures were left there and gradually disintegrated with play and weather.

This learning experience connects directly with chemical sciences for Year 2: different materials
can be combined, including by mixing, for a particular purpose. Through trial and error the children
changed the ratio of water used compared to other materials until the best combination for making
mud bricks was obtained. These findings were compared and shared between different groups as a
conclusion to the experience. The Australian Curriculum: Science shows how an engaging activity is
strengthened as a science investigation by including questions that invoke the use of SIS, SHE and
critical and creative thinking. Such questions included: ‘How did the bricks change as they dried in the
sun?’, ‘What mix of materials do you think was best?’, ‘Why?’

On another occasion, when working in groups exploring the properties of clay, the children came
up with the idea of allocating tasks and setting themselves up along a conveyor line to build small clay
houses. Each child was organised to contribute a small action to complete the task. One child was
cutting the clay ‘bricks’ to a standard size 2 × 3 × 3 cm rectangular prism. The next child smoothed the
brick, the following child added water and the next joined the prisms together. This resulted in a
series of small clay structures being completed. The sense of teamwork and cooperation was evidenced
by a spontaneous rendition of the song ‘I’ve Been Working on the Railroad’.

As this case study shows, the children were addressing various general capabilities. They used their literacy
capability when they were using familiar vocabulary to describe what it felt like when they were making mud
bricks. The learning experience became an orally rich task using a context related to everyday experiences and
children’s interests. Critical and creative thinking was evident when the children were posing questions about
the best ratio of each material to make mud bricks as well as the idea of setting up the construction as a team.
The numeracy capability was evident when they were estimating and comparing the shape and size of each of
the clay ‘bricks’ so that the similar shapes stacked together for their structures. Finally, personal and social
capability was demonstrated when the children organised themselves into a cooperative team to make the
bricks.

The general capabilities continuum defines different elements of each of the seven capabilities of the
Australian curriculum and shows how these different elements develop in complexity using two-year banded
year levels. This continuum can be particularly helpful for teachers to use as a guide when designing activities,
when differentiating a task for different learner needs or when extending learner thinking.

Table 3.6 gives examples of how the continuum might be used as a differentiation tool. Additionally, the
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Table 3.6 gives examples of how the continuum might be used as a differentiation tool. Additionally, the
illustrations in the ‘student diversity’ section of the Australian Curriculum website give video examples using
the continuum to differentiate for learner diversity.

Table 3.6 The general capabilities continuum as a differentiation tool

Action General capabilities
continuum

Action for
differentiation/extending
thinking

General capabilities
continuum

Children posed
questions about
spiders. These were
written on a large
chart.

Children asked
whether scats were
kangaroo or emu
droppings, or
whether gumnuts
on the eucalyptus
tree were the same
as those in their
backyard.

Critical and
creative thinking,

Sub-element ‘Pose
questions’, Level 1
students:

pose factual and
exploratory questions
based on personal
interests and
experiences.

Teacher asks ‘Why do
you ask that? or ‘What
are you thinking when
you ask that?’ to support
children to analyse their
thinking and give reasons
for asking the questions
they pose.

Critical and
creative thinking,

Sub-element ‘Pose
questions’, Level 2
students:

pose questions to
identify and clarify
issues and compare
information in their
world.

Children allocated
themselves tasks and set
up a conveyor line …
each child contributing a
small action to complete
the task.

Personal and social
capability

Sub-element ‘Make
decisions’ Level 2
students:

practice individual
and group decision
making in situations
such as class meetings
and when working
in pairs and small
groups.

After the lesson, the
teacher shows a video to
the class of the group
working on their
conveyor line, and has
the class brainstorm the
cooperative behaviours
they can see.

Personal and social
capability

Sub-element ‘Work
collaboratively’
Level 2 students:

identify cooperative
behaviours in a
range of group
activities.

Reflection

Consider Case study 3.2 and the following questions:

1. How does the use of questioning encourage children’s critical and creative thinking?

2. How could ICT be included in the mud brick making experiences? How could this use of ICT
link back to literacy and numeracy?

3. Think of ways that ethical understanding and intercultural understanding could be addressed
in subsequent mud brick experiences.
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Cross-curriculum priorities
The three cross-curriculum priorities are Aboriginal and Torres Strait Islander histories and cultures, Asia and
Australia’s engagement with Asia, and sustainability. The purpose of the cross-curriculum priorities is to
ensure that Australian children are able to engage effectively in a global world and to contribute to Australian
society through social, intellectual and creative pursuits. The priorities provide contexts for children to
participate in science. Cross-curriculum priorities are to be embedded in science when appropriate or when
relevant links can be made. All three science strands can be enhanced through these contexts at appropriate
times.
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Aboriginal and Torres Strait Islander histories and cultures

By embedding Aboriginal and Torres Strait Islander histories and cultures where appropriate in the science
learning area, young children have the opportunity to understand that Australian scientific knowledge has
been developing over tens of thousands of years, originally through the knowledge of the Aboriginal and
Torres Strait Islander peoples and more recently enriched and developed through the knowledge of European
and Asian peoples. This cross-curriculum priority links well with the general capability of intercultural
understanding. Table 3.7 provides examples of how this cross-curriculum priority can be included in the early
childhood classroom.

Table 3.7 Summary of the cross-curriculum priorities and their application to science in the early years

Cross-curriculum priority Example

Aboriginal and Torres Strait Islander histories and
cultures

How do our ideas about the weather compare
with what we notice? E.g. have you seen snow
in winter? Explain whether you think there
would be many Aboriginal stories about snow?
(Foundation – seasonal changes affecting
everyday life, Year 1 – observable changes occur
in the sky and landscape.)

Investigate how the local Aboriginal or Torres
Strait Islander communities used the land in
different seasons (e.g. the Kaurna people lived
in the Adelaide Hills in winter and came down
to the plains and beaches in summer). (Year 1 –
living things live in different places where their
needs are met.)

Investigate how particular materials were
changed or used – e.g. creating paints and
paintings from natural materials. (Foundation –
observing properties of materials, Year 1 –
changing everyday materials, Year 2 – using
Earth’s resources.)

Visit a local Indigenous garden to explore
plants and their uses (food, medicinal,
clothing).

Include traditional Aboriginal musical
instruments when investigating how different
sounds are made.

Describe Aboriginal seasons and how they are
similar and different to Western seasons.

Asia and Australia’s engagement with Asia Plant and care for a range of Asian and
Australian vegetables in the school garden.

Include traditional Asian musical instruments
when investigating how different sounds are
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made.

Include traditional Asian toys and tools when
investigating how different objects move
(Foundation and Year 2).

Explore the different shapes and structures of
houses in Asia and Australia, and why they are
different.

Sustainability Explore materials that can be re-used, reduced
and recycled and set up systems in classrooms
to reduce daily waste.

Connect to the natural world through spending
time in wild places.

Use senses to experience the change of weather:
see, hear, feel, taste and smell the summer rain.

Explore the properties of natural materials,
such as seeds, leaves, flowers, rocks and soils to
create works of art.
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Asia and Australia’s engagement with Asia

Asian countries are Australia’s closest neighbours. Early years children should start to develop an awareness of
how Asian cultures have contributed to both contemporary and historical knowledge of the way the world
works scientifically. Significant contributions in science have been made by people from Asia in areas such as
medicine and natural disaster management. Table 3.7 provides examples of how this cross-curriculum priority
can be included in the early childhood classroom.
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Sustainability

Providing opportunities for children to explore and connect to the natural world around them will offer
insights into the importance of caring for environments. Young children should be developing scientific
knowledge and understanding about how the natural world works and the effect of human impact on the
environment. Through understanding sustainability, children can make informed decisions about their
behaviour to ensure they contribute to socially and ecologically sustainable future. Table 3.7 provides examples
of how this cross-curriculum priority can be included in the early childhood classroom. Chapter 10 provides
detailed information on environmental education in the early years.
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Place-based learning in science

Authentic education, as Sterling (2001) argues, has always been rooted in place and tradition. Place-based
learning takes hands-on experiential learning, extends it beyond the classroom curriculum, and encourages
students to be co-managers of their learning (Smith, 2002; Woodhouse & Knapp, 2000). The primary value
of place-based education is the way that it serves to strengthen children’s connections to others and to the
regions in which they live and to the natural world (Clarke, 2013; Louv, 2008; Sobel, 2008). It serves
individuals and communities, helping individuals to experience what they value and hold for others, and
allowing communities to benefit from the commitment and contributions of their members (Woodhouse &
Knapp, 2000). The following case study demonstrates how dispositions towards sustainability can be
developed in young children by creating this emotional connection. ‘We cannot protect something we do not
love, we cannot love what we do not know, and we cannot know what we do not see. And touch. And hear’
(Louv, 2011).

Case study 3.3  Trip to the bush

An annual event in the Foundation year class calendar was a day trip to the bush. With much
preparation the day would finally arrive, and nearly all of the parents would come with their children
to spend the day in a local national park. They would start with a two-hour hike through the natural
bushland, following tracks. It was often the first time that children had walked that far in the bush. It
was hard work to walk the distance, but the air was full of excitement and enthusiasm. Observations
and questions about new discoveries found on the track were commonplace. Comments were heard
about whether the scats were kangaroo or emu droppings, whether it was going to rain during the day
or whether the gumnuts on the eucalyptus tree were the same as those in their backyard.

After the hike the children would break up into small group activities, run by the educator, her
husband, the assistant principal and a school services officer with parental help. Finding a space on
their own and sitting down in silence (very challenging for some) helped the children to notice the
sounds around them and the behaviour of small birds and insects that they might have ordinarily
missed. Another session was run inside a tent (a new experience for some children). This session was
focused on the organisation of what children would need to carry in a backpack on an overnight hike.
The children would make suggestions and the items were neatly arranged in the backpack. To feel the
weight and the experience of overnight hikers, each child would then have an opportunity to walk
around with the backpack on their back. Other activities included observational drawing – sketching a
tree using charcoal. Children sat a distance from their tree with a clipboard trying to sketch the
branches, trunk and leaves. Questions from adults, such as ‘How high up do the leaves begin?’ and
‘How many major branches does it have?’, would help them look more closely. Yoga in the bush
involved the children on mats following instructions about breathing and exhaling fresh air and simple
body movements. Another activity involved an alphabet chart where children would find words that
started with each letter. Yet another invited children to select a random piece of commercial paint
chart chip from a magic bag to locate a natural object of the same colour. An art activity involved
collecting a range of natural objects, such as gum nuts, stones or feathers, and making a collage to
hang in nature’s art gallery, with a tour of this being the final activity of the day. While developing
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scientific observation skills was part of the learning focus, the real key to the day was allowing the
children to experience learning outside the classroom, working with their parents in a natural place
and developing an understanding of the world around them. Intergenerational experiences were a
critical component of this place-based education.

Figure 3.2  Children’s observational drawing using charcoal

Source: © Janette Leibhardt.

This case study demonstrates how the cross-curriculum priority of sustainability could be developed for early
years classes. By spending time in a natural space and going on ‘an adventure’ children are able to experience
the natural world first hand and develop an affinity with the environment (Sobel, 2008; Wilson, 2008). They
kept to the track, learnt more about the plants and the animals and ensured that the place was left better then
when they arrived; this included taking their own and other people’s litter back to school. Through such
activities young children start to show care and respect for the environment. Such time in the bush could also
lend itself to developing Indigenous perspectives, by inviting local elders to be part of the experience to share
their Dreaming stories and explain how plants can be used as both a food source and for medicines.

Reflection

1. Think about the place of the outdoor environment in science teaching and learning. How can
you include more science outdoor experiences in your practice?

2. There is much preparation required to have annual day events for parents and children as
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2. There is much preparation required to have annual day events for parents and children as
described in Case study 3.3. What are the advantages to educators, parents and children of such
events?

3. What other science activities could be included in such a day in the bush?
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Conclusion
This chapter focused on providing an overview of the Australian Curriculum: Science and it showed the
importance of weaving the three strands of Science Understanding, Science Inquiry Skills and Science as
Human Endeavour into learning experiences. Three case studies were used to demonstrate how experienced
teachers, with a passion for science, incorporated experiential learning into their classroom. They also showed
how and where the general capabilities and cross-curriculum priorities were evident.
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Australian Curriculum: Science – the mandated science curriculum for all Australian students from
Foundation year to Year 12.

Cross-curriculum priorities – embedded in all learning areas, these priorities provide students with
knowledge, understanding and skills in three areas deemed to be important for children to know, and they
have a strong but varying presence depending on their relevance to the learning areas.

Science Understanding – the ability to select and integrate appropriate science knowledge to explain and
predict phenomena, and apply that knowledge to new situations.

Science as a Human Endeavour – relates to the nature and influence of science in our world and how
humans interact with science as a unique way of understanding our world.

Science Inquiry Skills – the skills essential for working scientifically. These include: questioning and
predicting; planning and conducting; processing and analysing data and information; evaluating;
communicating.

General capability – knowledge, skills, behaviours and dispositions that assist children to live and work
successfully in the 21st century.
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Chapter 4

Learning theories related to early childhood science
education

◈

Coral Campbell

Children attempt to make sense of, and to understand, the various situations and phenomena with which they
interact. This is science in its purest and simplest sense – allowing children to gain an understanding of the
world around them. Children’s understanding is based on the range of experiences and interactions they have
and the cognitive development of ‘concepts’ that help to explain the phenomena, to them at least.

There are many theories about how children (and, indeed, adults) learn science and the factors that affect
learning in young children. This chapter describes and discusses accepted theories of children’s development
and the range of influences upon science learning.

Objectives

At the end of this chapter you will be able to:

recognise the factors underpinning children’s cognitive development

describe a range of learning theories that relate specifically to how children develop science
understandings

describe the importance of affective factors and motivation in children’s learning

distinguish between everyday concepts and science concepts in children’s learning of science

recognise the importance of alternative conceptions in restricting children’s learning in science.

92



Children’s cognitive development
The term cognitive development is used to describe a child’s development of cognition or conceptual
knowledge and understanding. When considering cognitive development, Johnston and Nahmad-Williams
(2009) indicate 10 aspects of importance:

When we discuss cognitive development we are really talking about the development of one or more of the
above aspects. Sometimes the development can occur singly, but often these aspects are inter-related. Some
aspects occur before others and some take a longer period to develop.

memory

abstraction – the ability to form general concepts

logic – being able to reason

problem-solving

intelligence – a measure of thinking ability

reasoning – providing evidence for a belief

thinking – using the mind

knowledge – belief about something that is known

understanding – to comprehend something

metacognition – to understand one’s own thought processes.
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Figure 4.1 Investigating the principles of ‘balance’

Johnston (2014) described these aspects of cognitive development within the broader frame of children’s
development, indicating how young children’s capabilities are defined across time. For example, very young
children (birth–2 years) acquire language, start to order things in their world and in their own thinking,
develop sensory awareness, show interest in small objects and develop social behavior. These capabilities not
only allow greater involvement in science exploration, but can enhance it. Across the next few years of
development (3–4 years old), children’s cognition develops further and they are able to make links between
ideas, and to reason. Practical experiences are crucial to developing science cognition further to enable
children to move away from everyday science (described later in this chapter), or intuitive thinking. As
children develop further (5–8 years old), they start to develop abstract ideas. They can begin to combine ideas
mentally, rather than needing to use concrete materials. Their mental schemas become more complex as they
incorporate multiple experiences into cognitive mental models.

In a National Forum on Early Childhood Science, Mathematics and Technology Education, held in the
United States in 1998, children’s cognitive and conceptual developments were discussed in depth. Seminal
studies (Gelman, 1998; Lind, 1998) were presented about the influence of how we think of young children as
science learners. Gelman (1998) reported that children used concepts as tools for organising their experience.
Their early concepts were not necessarily concrete or perceptually based, and pre-school children were capable
of reasoning about non-obvious and abstract concepts. Gelman also observed that children’s concepts reflected
emerging theories about the world and were not uniform across content areas or across individuals or tasks. In
her concluding statement to the forum, Gelman (1998) stated that since children’s cognition was more
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sophisticated than previously thought, it was important early childhood educators engaged with children’s
cognitive development and, in particular, with the conceptual development and emerging theories about
young children. Further research by Gelman (2009) highlights the social nature of cognitive development,
particularly in very young children.

At the same forum, Lind (1998) discussed how concepts used in science developed from early infancy, as
babies explored the world with their senses. It is a common sight to see young babies discover the joy of
dropping something from a height, performing the same task over and over again as they develop their naïve
concept of gravity. Babies and toddlers develop concepts of space and the relationship of their body to the
space around them (spacial sense). They learn about weight as they pick up objects and about shape, texture
and materials as they touch new surfaces. They quickly learn about time sequences and how time is arranged
in their lives.

Figure 4.2 Sinking the balloon

As children grow, they learn to sort and categorise objects according to their own interests. They explore
volume, ratio and weight as they play in the sandpit or with water. During this exploration, children are
developing their own understandings and concepts based on these experiences.
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Theories of learning
Catherwood (1999) observed that the development of children’s abilities incorporates factors of children’s
knowledge, interest and learning context. She stated, ‘It is generally the case that no one theory or model
predominates and Piagetian perspectives are now taken to be just one mirror on the multi-faceted world of
children’s cognition’ (p. 24). However, we need to acknowledge that the early theorists and their theories have
influenced current practice in early childhood. Apart from Piaget’s theory of cognitive development (Piaget,
1950) which drew attention to understandings of how children move from everyday (intuitive) ideas to more
scientifically correct ones, Montessori’s study of children with special needs (Montessori, 1994) highlighted
that all children explored the world around them as young scientists, repeatedly testing their ideas to develop
understandings.

There are many theories of learning, and all could be considered when viewing the young children as
learners. Many theories consider the immediate environment and its influence on the learner. For example,
ecological systems theory considers how the person accommodates the setting in which she or he lives and
how the relationship with these settings impacts upon learning (Bronfenbrenner, 1989). The theory of social
dynamics (Durlauf & Young, 2001) refers to how the group behaves as a result of the interaction of
individuals within the group and the group’s behaviours. The basis for social dynamics theory is that
individuals are influenced by and influence other’s behavior. Both theories involve the learner and his or her
interaction with the social environment.

Another theory, situated cognition, defines learning as the knowledge and skills obtained in contexts that
reflect the ways in which they will be used in real life. Supporting a situated cognition theory, Lave and
Wenger (1991) described learning as an integral part of generative social practice in the lived-in world. They
suggest that learning is in part creative, social and within real contexts.

When considering early childhood, the theory of situated cognition makes sense as children’s learning
can be considered creative or co-creative, it often takes place in social situations or through interactions with
others, and it often mimics the real world. In order to encourage or enhance learning, practitioners need to
create an environment that approximates as closely as possible the context in which children’s new ideas and
behaviours will be applied. Understanding is promoted with specific relationship to the situations in which the
learning occurs. In particular, in science education, children will contextualise their understanding, believing
one thing to be true in one situation, and another to be true in a different situation. This generation of two
concepts rather than one is a common feature of children’s learning in science.

Knowledge generated in early childhood settings (pre-school or early school) is fundamentally a response
to, and a product of, that situation. Put simply, all learning is context-bound and cannot be separated from the
social/cultural framework within which it was generated. For educators, the implication is that links must be
made between the learning situations of the experiences of children and within the broader community –
between pre-school, school and home or the wider world. This is particularly relevant in science education.

Social cognition is at the heart of children’s ability to get along with other people and to see things from
their point of view. The basis of this crucial ability lies in the development of theory of mind. (Astington
& Edward, 2010, p. 1)

The theory of mind (Astington & Edward, 2010) suggests that a child is able to understand that the people
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The theory of mind (Astington & Edward, 2010) suggests that a child is able to understand that the people
he or she mixes with have their own beliefs and desires, and their own intentions. This tends to happen at
around 3 years of age, and at this point the child is able to recognise that the person she or he is playing with
has their own ways of doing things. The child is more likely to be able to sustain a ‘relationship’ when
interacting with others. Understanding theory of mind provides the educator with an understanding of
children’s abilities to play with others, to work collaboratively, to be empathetic and to co-learn.

In relation to enhancing children’s learning, an educator with strong ‘theory of mind’ capabilities would
be able to understand where the child’s learning is at, whether she or he is confused or fully engaged. This
provides the educator with valuable information about whether strategies for children’s learning are working
or not.
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Constructivism

An individual’s construction of understanding or meaning is based on the person’s own experiences and
attempts to make sense of those experiences. This is termed the constructivist theory – the construction of
meaning from an experience or a set of circumstances. Jean Piaget (1950) theorised that individuals can and
do form their own understandings based on their experiences, and that they are able to develop these
understandings when given more experiences that link with prior experiences. He termed these mental
structures ‘schemas’: learners formed mental representations and operations (combinations of schemas) since
these determined their understandings of experiences and phenomena. Piaget specified particular stages of
cognitive development that continue to be of interest in education, although further research has added to and
re-defined his original theories (McInerney & McInerney, 1998).

There have, in fact, been interpretations of personal constructivism that promote a pure form of
‘discovery learning’, in which the educator never tells children anything, but simply organises enabling
activities and deflects questions as the responsibility of the learner. Recent research (Kirschner, 2006; Klahr,
2004) has indicated that children do not necessarily learn much by this approach. Mayer (2004) reported that
guided discovery was much more effective than a pure discovery process in helping children to learn. In fact,
Mayer (2004) stated that ‘learning involves cognitive activity rather than behavioural activity, instructional
guidance rather than pure discovery, and curricular focus rather than unstructured exploration’ (p. 1). Without
adequate support, children’s understandings may be naïve at best and incorrect at worst.

The main principles of the constructivist theory (adapted from Campbell & Tytler, 2007) state that:

learning involves the active construction of meaning

meanings are constructed by learners from what they see or hear and are influenced by prior
knowledge (this prior knowledge can assist or hinder new learning)

children, from when they are born, seek to construct meaning about their world, and this process
continues throughout their lives

learners have the final responsibility for their own learning (thus, an educator can never learn for a
child, and teaching is never more than the promotion of opportunities and support for learning)

learners often develop their own understandings that are alternative to a scientific understanding and
are difficult to change.
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Domain-specific theories

Most learning theories are what could be termed domain-general, and imply that cognitively, children have
broad mental structures which are developed over time, with exposure to a range of experiences. There is an
assumption that abstract thought is not developed in young children and that some mathematics and science
experiences are not appropriate because of the need for abstract thought. However, most early childhood
educators will know, through their own experience, that this is a broad generalisation, and that many young
children are capable of abstraction of ideas. Gelman and Brenneman (2004) discuss how the demonstration of
non-verbal concepts in very young children and abstract conceptual abilities in pre-schoolers have led to the
idea of domain-specific rational–constructivist theories. Domain-specific theorists promote the idea that there
are innate, domain-specific mental structures which can underpin and aid learning in some knowledge areas.
They postulate that domain-relevant inputs can assist in the acquisition of domain-specific knowledge and
understanding. Domain-specific concepts can link to other concepts, for example – language (see also Chapter
6 on ‘Approaches to enhance science learning’), which allows children to generalise from what is known to
what is not known. For example, if a child knows some of the characteristics of animals, and is told that a
worm is an animal, they generalise that a worm can eat, breathe and move.

Gelman and Brenneman (2004, p. 152) state, ‘A domain-specific, constructivist description of mental
structure (and learning) has implications for the development of educational experiences about scientific
material. The connectedness of concepts in the head and in the world implies that learning experiences should
be conceptually linked as well.’ This has implications for approaches to science learning in early childhood and
will be discussed further in Chapter 6.
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Shifting towards a sociocultural perspective

In more recent times, there has been much greater interest in exploring learning as a social or cultural
phenomenon, with a shift in focus from individual understanding to the ways in which environments support
effective learning. A social constructivist position focuses attention on the social processes operating in the
environment around a learner, by which an ‘expert’ other (adult or peer) promotes a community in which they
all ‘co-construct’ knowledge. Psychologist Lev Vygotsky (1962) expanded Piaget’s theories to include the
social settings around and through which learning occurred. Vygotsky defined this as ‘social constructivism’
(and Piaget’s theory as ‘personal constructivism’). In social constructivism, the social interactions, particularly
with an expert other, can aid and enhance children’s learning. Vygotsky also postulated that language
development was crucial for children’s cognitive development as children were able to interact at the level of
understanding with others. Social constructivism suggests greater involvement of an active educator. For
Vygotsky, the culture and social interactions give the child the cognitive tools needed for development. The
type and quality of social interactions affect the pattern and rate of development. Adults, such as parents and
educators, are conduits for the tools of social interaction, including language, cultural history and social
context. In today’s society, electronic and digital technology providing information access are also included as
tools of social interaction.

Vygosky (1962) also described what he termed the zone of proximal development. This zone is
considered the region between what a child is able to achieve alone and what he or she can achieve when
interacting with adults who scaffold the learning. Children are able to achieve so much more with the help of
an adult. Within a sociocultural environment, learning science becomes a shared experience (Driver et al.,
1994) and the understandings developed are often shared among the children. The educator, along with other
adults, is responsible for representing scientific culture and scientific ways of viewing and dealing with the
world. In some ways, then, sociocultural constructivism places the educator as pivotal to children’s learning, as
compared to personal constructivism, which makes the individual responsible for his or her own learning.

Scott (1998) argued that the key to understanding effective science teaching and learning was discourse:
the pattern of interactive talk during science experiences. In some cases the adult is the ‘expert’, at other times
the child is given reign to express his or her views, with the adult or another child asking specific questions
and seeking understanding from the child. The ability to shift between these different discourse modes is an
important aspect of effective teaching.

In addition to the social constructivist perspectives there has been a growing interest in the fundamental
role of language and culture in the construction of knowledge, and even in the way we think. These theoretical
perspectives have become more broadly known as ‘sociocultural’, in which knowledge is a property of
participation within a community. The science teaching and learning strategy that arises from this theoretical
perspective is one that focuses on the language that develops in exploratory activities and talk, and how the
educator’s strategies might support high quality conceptual discussion in groups, or in the whole class.
Effective teaching involves introducing activities and conversations that challenge perspectives and model the
practices of science in seeking to interpret evidence, and to promote a rich way of looking at the world. This
environment involves ‘give and take’ between the adult’s and the children’s perspectives. The educator is not
necessarily seeking to gain strong conceptual understanding, but to move children’s understanding a little
closer to a scientifically correct understanding. Vygotsky (1987, p. 168) asserts that ‘the development of
scientific concepts begins with the verbal definition’. For educators, using the social environment and social
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interaction, and focusing on the relationships between word meanings in science, brings the science ideas to
conscious awareness. Vygotsky (1987) believed that this moved a child into higher level thinking.
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Affective factors

While much of the research in science education over the past 20 years has been focused on the cognitive
aspects of science learning, educators are aware that if children are not happy and stable in their settings, they
will not learn. Alsop and Watts (2003) stated that ‘irrespective of how well pedagogical factors are designed’
(p. 1046) children need to be comfortable for effective learning to occur. The general idea is that the cognitive
process is not only supported but enhanced through positive affective factors. These factors are recognised as
relating to student interest, motivation, attitudes, beliefs, self-confidence and self-efficacy. The role of the
social context is extremely important in establishing these factors through relationships with educators, peers
and other important connections. Children’s identity, self-esteem and confidence are all key aspects of their
development of what Day and Leitch (2001) called a ‘personal and professional identity’. Children will fail to
learn if they are bored, scared or disinterested in the topic, whereas enthusiasm, coupled with a belief in
personal ability, can be a strong motivation for learning. Pintrich, Marx and Boyle (1993) reported that
children’s beliefs in their own abilities (self-efficacy) and the value they attributed to their learning tasks
became significant predictors of understanding.
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Motivation

Young children are motivated to explore the world around them, and early science experiences can
capitalize on this inclination. (French, 2004)

There is a general acceptance that for children to learn and change their personal constructs, there are other
factors that come into play. Pintrich, Marx and Boyle (1993) indicated that ‘motivation beliefs as well as …
contextual factors’ (p. 167) contributed to the complexity of children’s learning. The socially cognitive
perspective on motivation discussed by Pintrich, Marx and Boyle (1993) suggested that children’s
motivational beliefs were highly context-specific. They commented that students who displayed prior
conceptual understandings may not activate this knowledge when challenged in different situations (Pintrich,
et al., 1993). Vosnaidou and colleagues (2001) suggested that learning occurred in a social and cultural
context, and that in order for children to change their existing concepts, they must be motivated through the
provision of an appropriate ‘social and cultural environment’ (p. 393), usually outside the narrow context of
one setting.

Reasons that a child might have for choosing a task include the child’s values, interests, goal orientation
and how he or she rates the importance of the activity. In addition, the child needs to believe that he or she is
capable of performing it, has some control over it and that the task is achievable. These factors will vary
depending on the context, the chosen task and the effectiveness of the teaching. The level of engagement and
willingness to persist in a given activity can be attributed to the child’s motivation. Children make choices
about whether to become cognitively engaged with the task at hand or not. If they become engaged and
persist, then learning is likely to occur. If they do not become sufficiently involved in the learning task, then
the best result is likely to be what is termed ‘surface learning’. Pintrich and Schrauben (1992) provided
empirical evidence to support the view that motivational beliefs can influence the process of conceptual
change.

The provision of quality science learning experiences in early childhood helps children understand the
world, develop science skills and, importantly, develop positive attitudes towards science learning. This
provides a strong foundation for later learning in science and for development of scientific concepts (Eshach
& Fried, 2005).
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Play theory

Play experiences are part of every child’s growth and development. Increasingly, play is being recognised as a
powerful pedagogical tool through which to guide and enhance science learning (Fleer & Ridgeway, 2007).
Play-based learning occurs when young children ‘make meaning’ through their exploration in a range of social
situations. Interaction with peers, early childhood educators and significant others can stimulate children’s
curiosity to learn more and to ask questions. The role of the early childhood educator is to provide a physical
environment that is rich in natural resources and, through guided participation, to help a child move past his
or her own limitations of knowledge to develop deeper understandings. Vygotsky suggested that play was
important for learning as it almost always created a zone of proximal development (Arthur et al., 2005). Play
provides opportunities for problem-solving, abstract thinking, higher-order thinking, creativity, independent
learning, research, exploration of complex issues and complex language, literacy and numeracy skills (Dockett
& Fleer, 2002) – many of which are needed in learning science. When exploring their environment and
undertaking their own science investigations, children engage in many types of play, including drama,
symbolic play, exploratory play and constructive play (Chalufour & Worth, 2005). (See Chapter 7 for more
information on play pedagogy in the early years.) As stated by Tucker (2005), ‘Play is undoubtedly enjoyable
for young children owing to the freedom it facilitates, the sense of ownership it affords and the self-esteem it
promotes. Through play children can repeat, rehearse and refine skills, displaying what they do know and
practising what they are beginning to understand’ (p. 5). The early childhood educator must ‘acknowledge the
importance of play as a platform for learning and practising the basic process skills of science’ (Howitt, Morris
& Colville, 2007, p. 234).

Case study 4.1  Making butter from cream

An early childhood educator wished to introduce more science into the children’s schedule so she
decided to have them make butter from cream. Sitting all the children in a circle, she discussed with
them what she had in her hands and proceeded to drop some marbles into the cream. She asked the
children to predict what might happen if they were to shake the bottle for a while. Several answers
were provided: the lid would come off, the marbles would have cream on them, but some of the
children just shook their heads, acknowledging that they had no idea. As the jar was passed around,
the teacher asked occasionally whether anyone noticed a difference in the jar, and took the lid off to
show them what was happening. The task took 10–15 minutes, by which time the children were edgy
and fidgeting. The teacher was obviously flustered by the children’s lack of attention.

Reflection

1. Which elements of a constructivist approach to expanding learning are evident in Case study
4.1?

2. What changes could the educator have made to provide a better learning experience, given the
usual limitations of an early years setting?
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Everyday concepts, science concepts and learning theories
Gelman (1998) stated that ‘[c]hildren’s concepts reflect their emerging “theories” about the world. To the
extent that children’s theories are inaccurate, their conceptions are also biased’ (p. 1). As children construct
meaning from their own experiences, often they arrive at an understanding that is incomplete and
unsubstantiated by multiple exposures. We often use the term ‘everyday science’ to describe how children have
made sense of their world using only their own sensory and physical experiences. They explain their
understandings in terms of what they know to happen in their everyday life. The term everyday concepts was
introduced (Vygotsky, 1987, p. 119) to indicate how children’s understandings were related to the world of
experience in a direct but relatively ad hoc manner. He defined everyday concepts as different to scientific
concepts (which are both more abstract and more general as they relate to other concepts in the same science
area).

A recent expansion of Vygotsky’s ideas of everyday science concepts comes from Hedges (2012) who has
taken the idea of ‘working theories’, developed in the New Zealand early childhood curriculum, to highlight
the possibility of a child having a networked theoretical construct. Working theories ‘describe complex
contributors to elements of children’s thinking, inquiry and knowledge building’ (Hedges, 2014, p. 35).The
‘working theories’ idea suggests that children develop theories about themselves, people, places and
experiences in their lives. With time and greater experience, the working theories become more complex and
more applicable for making sense of the world. Hedges (2012) suggested that when an ‘everyday concept’ is
applied in different contexts, the child is developing his or her working theory. However, when the child is
able to apply an everyday concept consistently, they are moving towards an understanding of the scientific
concept. This research postulates that working theories are a mechanism used by children to advance their
understandings. Children’s working theories act ‘as implicit mediators within children’s active attempts in
their own minds to extend and challenge their thinking’ (Hedges, 2012, p. 146) – children connect, edit and
extend their own understanding. Hedges links the explicit mediation occurring through a child’s working
theory with the conceptual development from everyday science concepts to scientific concepts. A child’s
everyday science understandings will alter how that child makes sense of a new science experience, and may
lead to unintended learning outcomes of which the educator should be aware.
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Children’s alternative concepts

‘Naïve concepts’ is another term often used to describe the early concepts developed by children. The child
analyses a new situation and is only able to base his or her understandings on the objective perceptual
appearance. The child is unable to make meaning on any other level. Everyday science concepts and naïve
concepts are considered pre-theoretical, developed through the sensory aspect of the experience rather than
from a systematic, analytical viewpoint. A term often used in the past, and still used by some educators, is
‘misconception’. This term implies that the child has a wrong idea, or an incorrect development of a science
understanding. This term is no longer used as it implies a judgement of the child and an inability to recognise
that the concept a child develops is not only in line with the child’s experience, but in that particular set of
experiences also explains the experience adequately to the child. A preferred term is alternative concept, which
is commonly used to describe the situation whereby a child has arrived at his or her own understanding, based
on the child’s own experience. The alternative concept held by the child may or may not bear a relationship to
the scientifically accepted concept. The alternative concept may arise out of the child’s association of the idea
with common language or everyday science, from confusion or lack of knowledge.

Research has found some interesting aspects of alternative concepts that have an impact on children’s
future learning and, therefore, educators should be aware of these. Alternative concepts (adapted from Skamp,
2004, p. 5):

As children are exposed to increasing sets of experiences, and through the interactions of social learning, they
may start to develop concepts that bear some relationship to the scientifically accepted view. Within this
framework, children may develop partial conceptual understanding. What they know or understand of a
concept is correct, but incomplete.

If we think of a continuum between a scientifically correct idea and a child’s developing understanding,
then a partial concept can be mapped anywhere along that continuum (see Figure 4.3). The squiggly line
represents the fact that the pathway between the alternative concept and the science concept is not linear and
that children will often move forwards, but also backwards, before they gain understanding.

cut across age, ability, gender and cultural boundaries, and are often found to be similar, irrespective of
these factors

are influenced by everyday experiences including direct observation, peer culture, language, teachers’
explanations and resource materials

are context-specific (children may use different ideas to explain the same scientific phenomenon, if
they occur in different contexts)

are implicit and tacit to children’s thinking (children may not be aware that there are other ways to
explain something)

are held tenaciously and are resistant to change by transmissive teaching approaches (unintended
learning outcomes are often a consequence of alternative concepts)

are similar to those ideas held by scientists of a century ago.
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Figure 4.3 A continuum of conceptual understanding

Case study 4.2  The dropped toy

Linc (8 months old) was sitting in his high chair, while Nanna was trying to feed him. In expressing
his need to be autonomous, Linc was trying to take the spoon from Nanna’s hand as she was
attempting to feed him. To distract him, Nanna gave him a small plastic toy to play with. After only a
minute of playing, the toy dropped to the floor. Nanna returned it to Linc. Immediately he dropped it
again, but this time leant over to see where it went. While still feeding him, Nanna returned the toy to
him over and over again, only to have it dropped each time. Every time it was dropped, Linc observed
where it had landed. In this simple feeding session, Linc was investigating the phenomenon of gravity
and learning that the toy always fell to the ground. He also learnt that Nanna always picked it up for
him!

Reflection

1. Consider what other simple activities young children (birth–3 years) participate in which
highlight science learning.

2. When a child plays with moving toys, what science is being explored?

Practical task  Enrichment activities

After considering Case study 4.2, devise a set of five enrichment activities or rich resources for young
babies 6–12 months old. Introduce a new resource or activity on a daily basis. Comment on responses
from children.

Case study 4.3  Explaining alternative concepts of air resistance

Working in a 5-year-old Foundation class, the educator was showing children what happens when a
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Working in a 5-year-old Foundation class, the educator was showing children what happens when a
horizontal sheet of paper is allowed to fall through the air. Most children were able to predict that it
would ‘waft’ down (not their words). Then the educator scrunched a piece of A4 paper up into a little
ball and asked for the children’s predictions on how the paper would fall, letting it go alongside a flat
sheet. Again, most knew it would travel straight down, faster than the wafting paper. When asked
why the scrunched-up paper fell faster, the children all cried out that it was heavier. The educator
tried to reason with them, reminding them that both sheets of paper were the same size to begin with.
This caused some consternation until one child, thinking through the entire episode, was able to say
quite confidently that the scrunched-up paper had ‘more words on it’ and was therefore heavier!

Reflection

1. Consider Case study 4.3 and where the children are in relation to everyday concepts and
science concepts.

2. What could the educator do next to challenge the alternative concepts the children held?

Case study 4.4  Explaining alternative concepts of condensation

Children in Year 2 (8-year-olds) were investigating evaporation and condensation. The educator
placed a container filled with ice water in front of a group of children and asked them to feel the
outside of the container. ‘Oh, it’s wet!’, they said. When asked why there was water on the outside of
the container, children explained that it had seeped through the sides of the glass container. One child
believed that it had crept up the inside and dribbled down the outside. To challenge this
understanding, the educator removed the container and refilled it with fresh iced water, coloured with
red food dye. This time children felt the water on the outside with a tissue and determined that the
water was not coloured. The educator asked the question again, ‘Where did the water come from?’
The children were unsure until one child explained patiently to the teacher that the water had come
through the sides of the glass, as it had done previously, and the glass had filtered out the colour!

Reflection

Consider Case study 4.4 and the following questions:

1. Consider the range of alternative conceptions the children expressed in Case study 4.4. What
could the educator do next to hallenge the alternative concepts the children held?

2. What extra understandings do the children need to be able to make sense of condensation?
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Conclusion
This chapter discussed contemporary theories on cognition and how children learn, particularly in science.
The ecological theory, theory of mind, social dynamics theory, constructivism, sociocultural theory, play
theory, motivation and other affective factors were highlighted as aspects of children’s learning. The
importance of understanding children’s alternative conceptions was also discussed. Knowing how the theories
relate to cognition allows educators to better understand how children are learning and what can be done to
enhance learning opportunities.
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Cognitive development – the development of conceptual understanding.

Learning theories – theories which attempt to explain how people/children learn.

Zone of proximal development – the region between what a child is able to achieve alone and what he or
she can achieve when interacting with more learned others, adults or other children.

Affective factors – interest, motivation, attitudes, beliefs, self-confidence and self-efficacy which influence
learning; often called ‘dispositions’ for learning.

Everyday concepts – key ideas which are developed through experiences in the everyday world.

Science concepts – those key ideas which are generally accepted to be scientifically accurate at the time.

Alternative concepts (conceptions) – ideas which are alternative to main science concepts; they could be
partially correct.
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Part 2
◈

How can I enhance children’s learning of science?
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Chapter 5

Approaches to enhance science learning
◈

Coral Campbell and Kate Chealuck

This chapter links theory with practice by discussing the range of approaches that can be used with young
children to enhance their learning. It discusses the interactivity of approaches that educators use with children
and settings. Whether it is through the processes of science, such as the development of observation, or
through the skillful questioning of the educator, the approach used should enhance opportunities for
children’s learning.

Considering the range of learning theories presented in Chapter 4, how does an educator make sense of
the multitude of theoretical perspectives available and translate these into a practice that aids children’s
learning? One way is to consider the strong messages coming from all theories: children construct their own
understanding, learning is enhanced through social interaction and the educator is pivotal to children’s
learning.

If we think about these messages and in particular the ideas relating to domain-specific constructivist
learning, we acknowledge that there are specific mental schemas relating to science understanding which can
be aided through the actions and inputs from the educator. In particular, science learning can be enhanced
and promoted by an educator who uses science-related ideas, language and experiences with children. As
science-specific skills, language and concepts can often be linked (illustrated by the worm as animal idea from
Chapter 4, for example), an educator who teaches with an understanding of science can draw on the
connections to make them apparent to the children.

Objectives

At the end of this chapter you will be able to:

recognise a range of formal and informal approaches which enhance children’s science learning

demonstrate the need to scaffold children’s explorations and how this can be achieved

use effective questioning for focusing and enhancing children’s science learning

describe ways that educators can enhance science learning through targeted exploration

recognise the science skills, processes and knowledge that can be acquired by young children.
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The importance of prior knowledge
The acceptance of constructivist theory (in its many variations) has led to a number of approaches that are
used to enhance children’s learning or understanding in science. Because children construct meaning from
experience, the educator needs to expand their experiential base, not only to introduce new experiences but
also to build on children’s prior experiences. The educator should initially determine what children already
know before attempting to provide new experiences. In that way the new experience will be linked with
children’s previous schema, creating a new schema and a more complex or sophisticated understanding. This
aligns with the idea of Gelman and Brenneman (2004) in relation to the connectedness of ideas in a child’s
mind and how it can be linked to the current experience of the child.
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Child-instigated versus teacher-instigated activities

There is a general belief that children’s explorations should be child-instigated. However, a vast number of
explorations would not be attempted if everything was left to children. In particular, some children (just as
some adults) work within their level of comfort and rarely challenge themselves. The natural breadth of young
children’s experience is limited, related to age and family involvement, and exposure to new things is always of
interest to their enquiring minds. Thus, an effective early childhood educator should aim to expand children’s
experiences by introducing activities that would normally be outside of children’s opportunities. Examples of
this include: magnetism activities, simple electricity (e.g. play dough circuits), simple chemistry reactions, and
incursions involving unusual animals (snakes and lizards).
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Approaches to enhance children’s science learning
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Intentional teaching

Current research supports the idea that educators should be purposeful and thoughtful in the way they provide
experiences to children and in the way they interact with them (DEEWR, 2009; Epstein, 2007). The term
intentional teaching has been used to describe the deliberate decisions and actions of an educator in the way
they approach children’s learning. However, intentional teaching is not a ‘formal’ teaching approach and is not
intended to mimic a school-structured approach; rather, it is recognised as educators enhancing children’s
learning through play in a purposeful way. Houghton (2013, p. 10) identifies that educators ‘need to be
intentional in fostering children’s skills to discover and explore what they can do themselves’. In science, as in
any other learning within the pre-school, intentional teaching is characterised by ‘educators taking the lead in
deliberately and purposefully initiating and selecting a specific aspect of learning to focus on’ (Margetts &
Raban, 2011, p. 55).

For an educator, it is important to recognise the science in regular activities such as making play dough,
exploring small animals in the garden, floating and sinking play, gardening and many other child-instigated
explorations. Intentional teaching may be demonstrated when the educator reads a story (for example, The
Very Hungry Caterpillar) in response to a child’s investigation of caterpillars in the garden. It may be as simple
as asking a child a question while they are observing the caterpillar’s movements in the garden. Also see
Chapter 14 ‘Intentional teaching of science’.
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Supporting science learning for all ages

Educators frequently ask how they can ‘teach’ science to a baby. Rather than thinking of science in this
restricted ‘curriculum’ way, educators should think about science as developing an understanding of the world.
Babies need exposure to new experiences, new materials and the opportunities to explore new ideas. This
exposure provides them with the basis for constructing meaning. Thus, an educator should be looking for
ways to enrich the learning opportunities for babies to investigate new materials or phenomena using their
senses.

With toddlers, there are greater opportunities to expose children to new experiences and introduce them
to a phenomenon which may not exist in their home environments. As their language is developing rapidly at
this time, it is appropriate to introduce the language of science alongside their ‘everyday’ language. Children
need to be able to follow their own investigations, while being scaffolded by educators to achieve success.

Pre-schoolers can investigate their own ideas and educators provide them with scaffolding to follow a
simple process or inquiry. They can enhance their learning through the opportunity to discuss and revisit their
explorations. They can also evaluate the findings of their investigations, leading to new explorations.

Case study 5.1  To bounce or not!

Lincoln (18 months) is obsessed with balls! At the moment his favourite game is to fill a plastic tub
with a variety of balls – a basketball, netball, soccer ball, tennis ball, ‘bouncy’ balls and some soft,
spongy balls. He drags the tub to the table where he proceeds to throw each ball onto the table and
watch what happens to them. ‘Uh oh!’ he exclaims as the big round, hard balls roll off the table and
the small ‘bouncy’ balls bounce off the edge. He looks perplexed when the soft spongy balls don’t roll
but stay on the tabletop where they land, and lifts his hands in an ‘I don’t know’ gesture. Lincoln is
experiencing how the material from which the ball is made affects how the ball bounces: the hard balls
bounce while the soft balls don’t.

Reflection

Consider Case study 5.1 and the following questions:

1. How could the educator extend the science learning described in Case study 5.1?

2. What other everyday types of material could children under 2 years of age explore?
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Formal and informal approaches to enhance children’s science learning

As discussed in Chapter 4, children’s understandings are often different or naïve in science. Thus, the
educator should challenge those understandings by introducing discrepant experiences that encourage
children to re-think their understanding. Further, educators should provide rich and varied experiences and
promote, through discussion or questioning, more appropriate understanding of the scientific concepts.

Knowledge of the constructivist theory has led to the development of a number of ‘teaching’ approaches
that foster learning in science (and other areas). Despite variations, the salient points include probing children
to determine prior understanding; using effective questions to highlight children’s thinking; and scaffolding
children’s learning through dialogue, activities and focused discussion. Much of the educator involvement
with children’s learning is dependent on effective communication and the importance of the introduction of
science terminology is now acknowledged (Gelman, 2004). In addition, awareness of children’s capability for
abstract thought implies that a scientific process, such as inquiry, can also be introduced with success with
young learners.

In helping children to construct their own knowledge, educators may facilitate children’s science
experiences through a range of more formally recognised approaches. These include a process skills approach,
guided discovery learning, interactive approach, inquiry learning approach, problem-based learning approach
and project approach. Each of these is described below.
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A process skills approach

In a process skills approach, the educator assists children to develop science skills. In essence, while building
science knowledge, we also want children to develop the skills and processes to be able to confidently
undertake their own investigations. In the process skills approach the educator focuses on a particular
scientific skill or some combination of process skills. Process skills in the early years include observing,
communicating, comparing, classifying, measuring and using tools, predicting and inferring. A summary of
these process skills is presented in Table 5.1. Generic skills such as collaborating, counting, estimating,
generalising, recording, and problem-solving are also important to consider in the teaching and learning of
science (Beaumont, 2010).

Table 5.1 Summary of the science process skills appropriate to the early years

Process skill Example

Observing Using the senses to gain information. This is an
extremely important skill that educators can enhance
in young children. Close and accurate observation is
crucial in following through with an investigation.

Communicating Describing an object or event in simple terms,
through oral, written, pictorial or graphic modes.

Comparing Looking for similarities and differences between
objects and events.

Classifying Grouping objects into two or more meaningful
categories based on one property. This also involves
sorting, matching, grouping and naming colours and
objects.

Measuring and using appropriate tools Selecting appropriate tools for measuring a range of
objects. With young children, these tools are usually
informal – such as a piece of rope, string, or body
parts.

Predicting Beginning to predict the possible outcomes of
actions and events based on prior knowledge.

Inferring Beginning to suggest reasonable explanations based
on observations.

In assisting children to learn the skills of science, the educator is emphasising the nature of science and
how scientists work. However, this is only one small part of learning in science and should always be
complemented with other approaches.
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The guided discovery approach and scaffolded learning

Originally, the discovery approach was adopted by pre-school centres (and primary schools) as the most
natural way for a child to investigate things of interest. Children attempt to make sense of their world through
their own play explorations and, if a constructivist approach to learning is accepted, children build their own
understandings from their own experiences. However, children are limited in how far the discovery can aid
understanding. Interaction with peers and adults provides additional stimulus to extend understanding
further. Eshach (2006) commented that ‘ … assuming children are able to understand complex concepts and
are able, to some extent, to connect theory and evidence, educators should, in our view, expose children to
situations in which those abilities may find fertile ground to grow’ (p. 17). Being a co-investigator with the
child or asking effective questions that encourage further explorations provides children with the opportunity
to extend their own investigations while they experience the science of their own world.

In undertaking their own investigation, or even through everyday play, children are often exposed to
science experiences. This is termed incidental science or part of an emergent curriculum; that is, curriculum
arising from children’s own investigations (Johnston, 2014; Dockett & Fleer, 2002, p. 199). There is
considerable opportunity for an educator to guide children’s learning through focused questioning and positive
interactions (called scaffolding) at this point and time of interest. For this reason, it is crucial that early
childhood educators have a basic understanding of science in the world. Educators who are attuned may
recognise the science in spontaneous events and can make use of these to develop deeper understandings in
children. In light of the literature on emergent curriculum in which educators need to respond to the
children’s questions and learning needs ‘on the spot’, it is evident that some early childhood educators would
not be prepared if their own background knowledge of science is insufficient (Campbell & Jobling, 2009).
Dockett and Fleer (2002) described the role of adults as ‘one of focussed observation and responding to the
play that occurs in ways that extend and enhance learning’ (p. 198).
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Interactive approach and inquiry learning

The interactive approach to learning recognises that children have legitimate questions of their own to which
they would like to find answers. In an interactive approach, the children’s question(s) lead the explorations
and the educator’s role is to provide resources and guide/scaffold the explorations. The educator supports the
development of the children’s ideas, asks focused questions, suggests alternative ways of thinking and helps
develop children’s responses. The extent of support offered by the educator is dependent upon the complexity
of the investigation, the age of the children and the available resources, which may include educator
knowledge. An interactive approach relies strongly on the ability of the educator to be flexible, to be able to
help children with knowledge or where to locate it and to be able to take a ‘helper’ position with regard to
children’s learning.

An inquiry approach is the most current approach to learning science and relates to children undertaking
investigations to answer their own questions. It is said to follow a number of phases: engagement, exploration,
explanation, elaboration and evaluation. With very young children, the engagement phase arises from the
children’s own interest in a particular item or phenomenon. Alternatively, the educator can use this
engagement phase to determine the child’s prior understandings. The exploration phase is one that comes
most naturally to children; however, as early childhood educators we can also introduce children to other
explorations (or educator-instigated experiences) through providing additional materials and further
scaffolding of the exploration. Through the guided exploration, encouraging children to ask their own
questions, focusing their observations or asking specific questions, early childhood educators can help children
develop their own scientifically enhanced explanations. Through providing other activities, children can be
extended to transfer their new knowledge to different contexts (elaboration). Finally, again through
scaffolding, children can be encouraged to share their understandings with others and present their learning
through discussion, role play, drawings or other communication mechanisms. While these may seem to be
higher-order processes, we should never underestimate the capabilities of young children. With appropriate
help, young children are quite capable of following through on an inquiry approach, particularly in the 5–8-
year age group.
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Figure 5.1 Scaffolding learning
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Problem-based learning

In problem-based learning, the educator provides a problem to children, usually in small groups, and gives
them time to try to solve it. It is a child-centred approach. With young children, the educator works with the
children to help find out facts, generate ideas and assist the learning. Children may challenge each others’
ideas and the educator helps to resolve issues. The process continues as new information is added to existing
facts and more thinking occurs. Solving the problem is not the most important aspect; rather, it is the learning
process through child-directed inquiry that is most important. Effective problems are those that engage
children’s interest and motivate them to probe for deeper understanding of science concepts. Educators take a
small role during problem-based learning – they stimulate learning by asking effective questions and offering
support. With more practice, children become better able to direct their own learning and identify what they
need to find out to solve their problem.

There are usually five steps in a problem-based approach:

1. The problem is presented to the group by the educator, who may use stimulus pictures to help children
remember what to focus on.

2. Children talk about what they already know.

3. Children brainstorm their ideas and identify the broad problem.

4. Children identify what else they need to learn in order to prove or disprove their ideas.

5. Children share their findings with others.

Educators can generate ideas for problem-based learning from a wide range of resources: stories, television,
children’s games, or news articles. Problem-based learning can enrich children’s normal learning experiences
by providing them with challenge and stimulation not normally available in their learning setting. The
problem-based learning situation should align with the educator’s desired learning outcomes or with the
theme existing in the centre.
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Project-based learning

In this approach, children are involved collaboratively in a particular project which requires problem solving
around a specific need. The project might be something as simple as children devising a means of reminding
themselves to wash their hands after using the toilet. It could be that they are building a cubby house from
materials they find outside. In attempting to solve a problem which is directly related to their own lives,
children become active participants in their own learning and the generators of ideas to move the project
forward. A typical science-related project involves children investigating some science ideas as part of the
completion of the project. For example, children who are constructing temporary homes for small animals
from the garden will need to investigate what the animal’s normal habitat looks like and what food is required.
Project-based learning promotes critical and higher-order thinking, along with analytical and creative
thinking. In the Australian Curriculum, project-based learning is linked with ‘Design & Creative
Technology’, a preliminary process to engineering in later years.
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Strategies to enhance science learning
Strategies are different to approaches; a strategy is a way of doing something within a broader approach.
Strategies for enhancing science learning are varied and in most instances can be applied across all of the
informal and formal approaches. Remembering that early childhood educators generally follow a play-based
learning philosophy, some of the strategies accepted in early primary school are not necessarily applicable in an
early childhood centre.

Strategies which could be used include, but are not limited to, the following:

Information related to targeted exploration, children talking and children exploring is presented below as
additional strategies for enhancing science learning.

direct instruction – instructing children in how to carry out a science exploration or experience

demonstrations – showing children a science phenomenon which may be too difficult (or dangerous)
for them to undertake

questioning – see below for detail on questioning

interactive – any strategy where children are actively contributing, such as brain-storming, co-learning,
cooperative play, peer discussion, role plays, conferencing or using children’s questions

indirect instruction – scaffolding, inquiry, problem solving

autonomous or child-directed – project-based, play, exploration tables

experiential – hands-on activities, exploration tables, construction or model building, multi-modal,
representational activities.
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Targeted exploration

Children explore the world around them at all times, trying to make sense of their own experiences. When we
are aware of children’s interest in a particular science area, it might be the time for a targeted exploration. We
need to be aware of what children can achieve by themselves, and what might be realistic in terms of
broadening their range of experiences and opportunities. A topic might be introduced in response to children’s
questions or through a related story or event. For example, when there is any major environmental disaster
captured in the national news, children want to know more. The educator may be able to set up a tornado in a
plastic bottle to show the movement of tornadoes, or show how clouds are formed in bottles. Simple activities
or demonstrations in which children participate can provide additional experiences from which they build
their understandings.

We have mentioned that children need scaffolding to be able to shift their initial naïve beliefs to more
scientifically appropriate ideas. Asking questions is one way to focus children’s observations and open their
eyes and minds to further possibilities. For example, a child may be watching a snail move and comment on
how slow it is. A simple, focused observation would be to ask the child to see whether the snail moves faster
over other surfaces. Another example occurs when a child comments on how soap bubbles move through the
air; the teacher can ask whether the bubbles have different shapes.
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Children talking

Recent research has indicated the power and value of children’s talk with adults and peers (Eshach, 2006;
Sfard, 2000). It is during these discussions or share-time that children may tend to adjust their thinking or the
talk process may help children clarify their own ideas. Such discussions may reveal to children that often there
can be more than one idea or answer. It lets children know that it is alright to have a different response. In
shared talking, children contribute to the discussion and extend their own thinking when challenged with
alternative ideas. However, when engaging children in talk, an adult should allow time for children to ‘gather’
their thoughts and then put these into words that the adult can understand. Sometimes children have never
had to order their thoughts in such a way as to make them understandable to others. Patience is required.

Group discussions add another dimension. Not all children will feel comfortable contributing in a group
situation, but it can be the opportunity to introduce new vocabulary and draw out the more timid children by
having them repeat the new words. This will provide them with a successful interchange and make the next
discussion less fearful. The quantity and quality of adult–child shared talking supports children’s learning and
appears to be directly related to improved cognitive outcomes for children. As indicated by Koralek and
Colker (2003), talking with children about what they were doing not only ‘involved the children in a
conversation, but also offered them the relevant vocabulary and modelled ways of thinking about and talking
about their experiences’ (p. 6).
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Children exploring

From the first moment they enter the world, children start to explore. You can see it when a child learns to
move a hand or arm deliberately. Each movement is practised over and over, and each time there is wonder in
the child’s eyes at the discovery he or she has made. Dropping items onto the floor from a height is an
investigation that produces several observations – the object often leaves the sight of the child, a sound follows
the dropping, the object can re-appear. Slightly older children discover that they can ‘hide’ and re-appear,
thereby establishing a constancy about the people and the objects in the immediate environment.

When children explore, they are usually following their own interests or that of one of their peer group.
They use all five of their senses (sight, hearing, touch, taste and smell) to work out what it is they have
encountered. Their curiosity encourages investigation to solve problems or to make connections between what
is known and what is unknown. Through their explorations, children play with objects, materials and ideas to
extend or develop new understandings.

Figure 5.2 Free use of materials can lead to unintended learning outcomes, as indicated by a child building
a tower from a range of materials

As children explore, they ask questions for further exploration or to seek ideas from others (peer group or
adult). Educators can assist this through their scaffolding and through providing additional resources and
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experiences. As the educator observes children’s explorations, the use of shared conversations and focused
questions can provide a direction or alternative direction for children’s inquiry.

Children require sustained periods of time for their explorations and their investigations. They need to
be able to think about what they have seen or experienced. They need time to try it all again and to solve any
problems that arise. Opportunities should be provided for children to involve others in their explorations or to
work alone, with minimal interference. Scaffolding should never be deemed to be interference if undertaken
professionally with consideration for children’s cognitive development.
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Probing for understanding
There are several ways in which an educator can elicit children’s prior and current understandings such as
questioning, using children’s drawings and representational challenges, using the ‘interview about instances’
strategy, and through puppets.
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Effective questioning as part of the scaffolding practice

There are many recognised ways to provide support for children undertaking their own investigation.
Effective questioning, asking the right question at the right time, is a skill that takes time to develop. It takes
practice to ask an open-ended question that requires children to think along a particular path. Using questions
effectively can draw children’s attention to a particular focus, or open their minds to other possibilities.
Simplistically, the question stems ‘Who?’, ‘Why?’, ‘How?’, ‘If?’, ‘Where?’, ‘What if?’ and ‘What do you think?’
linked to a science idea can provide the stimulus for conversations, further investigations or deeper thinking.
Questions that promote hypothetical, tentative and exploratory talk are productive, open-ended and usually
centered on children in some way (Department of Education and Training, 2003).

There are many ways to use effective questions in early years settings (adapted from Department of
Education and Training, 2003):

as a stimulus for an exploration – this is particularly strong if the question was generated by children

using a question to stimulate a prediction before children undertake an activity or exploration – ‘What
do you think will happen?’

finding out what children already know – ‘Why do you think the bubble floated?’

to promote reasoning – ‘Why does the snail have those long stalks on its head?’

productive questions encourage children’s investigation and discussion

– attention-focusing questions – ‘Have you noticed … ?’

– measuring and counting questions – ‘How many … ?’, ‘How long … ?’

– comparison questions – ‘How are these different or the same?’

– action questions – ‘What happens when … ?’

– problem-posing questions – ‘How can you make … ?’, ‘Can you find a way to … ?’

person-centred questions focus on the children’s ideas and hence tend to reveal their alternative
conceptions and why these are held – ‘What do you think … ?’ and ‘What can you see … ?’ are typical
starting stems

questions can be used to promote thinking and action; such questions might focus on finding out
children’s ideas (prior knowledge) or be used to develop their ideas

– questions that focus on identifying children’s prior knowledge are person-centred and specific –
‘How do you think the sound of the siren travels from over there to your ear?’

– questions designed to develop ideas encourage children to think of ways they could test their ideas
– ‘If you think that the piece of wood is too large to float, how could you test that to see if it is true?’

questions can also be used to develop processing skills; such questions can be categorised as

– observing – ‘What do you see … ?’

– hypothesising – ‘Why do you think that happened?’

– predicting – ‘What do you think will happen if … ?’
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Case study 5.2  Laundry basket rides

Four-year-old Mason happily pushes his friend around the centre in a plastic laundry basket. On the
tiles, the basket slides around the corners and moves easily causing both boys to laugh and whoop. As
soon as Mason tries to push the basket over the carpet, however, it slows to stopping. ‘It’s not working
now’, he complains. ‘It’s very hard! I need some help.’ The educator helps Mason pull the basket (still
with his friend in it) back onto the tiles. ‘I don’t need you now!’, he shouts as he again picks up the
pace and slides the basket around easily. Mason is learning that the surface of the floor makes a large
difference to the amount of effort he has to exert to move the basket and his friend.

Reflection

1. What key science ideas are being enabled through the play described in Case study 5.2?

2. How could the educator enhance this experience further while still keeping in the spirit of play
and without interfering?

3. Develop a question from the types outlined earlier in the chapter which could stimulate further
discussion with the children in relation to the key science ideas.

4. Is there another play activity which could help reinforce the learnings?

– investigating – ‘What do you want to do to find out?’

– interpreting and drawing conclusions – ‘What did you find out?’

– communicating – ‘How can you show this to others so they can understand?’ or ‘What else will
you need to use (materials)?’

138



Children’s drawings and representational challenges

Ainsworth, Prain and Tytler (2011) suggested five reasons why drawing should be encouraged in science
education: to enhance engagement, to learn to represent in science, to reason in science, as a learning strategy
and to communicate. Drawings provide an accessible way for children to express their ideas about a science
phenomenon. Annotated drawings include words, stated by the child but generally written by the educator,
that explain what is happening in the drawing. Annotated drawings provide children with the opportunity to
include more detail than what is possible in a simple drawing, while also compensating for young children’s
limited graphic skills in their drawing (Naylor, Keogh & Goldsworthy, 2004).

Children tend to draw what they understand. By asking children to describe their artwork, their prior
understandings can become clearer. The educator can ask children to describe what is happening in the
artwork, and may focus on one aspect of it.

Children’s drawings form one aspect of a representational construction or response to a science idea.
Basically a representational construction strategy involves providing children with multiple ways to see,
experience or interact with a key science idea. For example, an educator wishing children to engage with the
idea of the human body may provide books on the human body, bones to investigate, drawing material –
sketch a skeleton, a medical focus on nurses and doctors, as well as songs on the body (recognising body parts,
e.g. ‘Heads, Shoulders, Knees and Toes’). Hubber (2014) states that understanding a key science concept is
much more than simply remembering words, it includes the range of experiences which link with the words to
create a complex mental schema. Accurate science representations, demonstrated by the educator or developed
by the child, form part of the mental schema. Similarly, providing children with the means to represent their
science ideas in multiple ways allows them to more effectively communicate what they understand.
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Figure 5.3 A simple piece of artwork can illustrate a child’s attempt to understand shape, form and/or
colour
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Interview about instances

This is a simple technique that relies on an educator presenting a picture or artefact to a child and asking a
number of focused questions to draw out the child’s understandings (White & Gunstone, 1992). It is a non-
threatening way to determine quite specific information about a child’s conceptual understanding of a
particular science theme or phenomenon. An educator should encourage answers that relate to the concepts
being probed, and that can be done in the following ways:

1. Begin with a focus question that requires application of the concept to be investigated, without forcing
the child into an explicit definition. This indirect approach is usually quite productive because it allows
the child to discuss her or his understanding. It can also help the instructor to gain an idea of how the
child might apply the implicit concept.

2. The child should not be forced into a specific response to each artefact. If the child does not have an
understanding of the concept that allows her or him to talk about a specific instance, do not force the
child to choose. This lack of understanding is an important piece of the child’s ‘conceptual framework’.

3. Allow ‘wait time’ of at least 3 to 5 seconds to give the child time to interpret the question. Be prepared
to re-word the question or to repeat it in simpler terms.

4. Use prediction interviews – these require children to predict a possible outcome of a situation. This
type of interview indicates whether a child can apply his or her own meaning to the situation.

5. Use sorting interviews – children are presented with pictures or items and asked to sort them
according to a particular instruction or their own classification. As the child sorts, he or she is asked to
talk about what they are doing.

6. Use problem-solving interviews – similar to the sorting interview, the child is presented with a
problem and with the physical means to solve the problem. The child is asked to think aloud while
attempting to solve the problem. Understanding the child’s conceptual framework remains the
overarching goal in conducting the interview.

Case study 5.3  Exploring floating

The educator was working with a small group of children (6 years old) and had them sitting on the
floor in a circle. In the centre of the floor was a large clear container filled with water and next to the
container were about 10 items of various materials. The teacher wanted the children to explore what
floated and what sank, but also wanted to engage them with the idea that the material that an object is
made of, and possibly its shape, can affect its ability to float. Her prior experience with children made
her aware that young children often believe that small things float while large things sink (two
alternative concepts). She started off with a general discussion to tune them into the activity and to
gain an understanding of what they thought floating was. One child answered, ‘When things are on
the top of the water’ and the others chorused their agreement. Another child added, ‘When they go to
the bottom, they have sanked.’

Each child was then selected to trial an object by placing it in the water. Before this, children had
to predict what they thought would happen to the item – float or sink? This raised many interesting
comments from the children and provided the educator with some ideas of their prior learning. As
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they moved through the objects, the educator drew children’s attention to the material the object was
made of. However, they still persisted with the belief that light things float and heavy things sink.
Some also expressed the belief that small things float and big things sink. To challenge the children’s
understandings, the educator introduced two pieces of wood – a match and a stick. The children
thought the stick would sink because it was heavy, but that the match would float because it was light.
When both floated, they were astounded. The educator discussed the material of the items, until one
child commented that they were both wood. She repeated the activity with two pieces of metal – a
paper clip and a metal toy. This time, the children were not as confident predicting that the small item
would float and the large one would sink. When both sank, the educator again asked the children
what material the objects were made of. When they determined that they were metal, the children
started to realise that what the object was made of could determine whether it floated. At that point
the educator left the children to finish off their own further explorations.

Reflection

Consider Case study 5.3 and the following questions:

1. What questions did the educator ask in Case study 5.3? List them.

2. This is an educator-directed activity to determine children’s prior knowledge. What follow-up
activity could be provided which would allow further development of children’s understandings?
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Using puppets to determine children’s prior knowledge in science

One way of determining children’s prior understandings in science is to use puppetry to question them about
certain aspects. Children love playing with puppets. Research in the United Kingdom has shown just how
useful puppets can be in gaining information of children’s science understandings. Puppets can be used to:

‘The Puppets Project’ (Naylor et al., 2007) used puppets to assist 4–8-year-old children in learning science.
Results from this research found that nearly all of the children were highly engaged and motivated when
puppets were used. Children listened more, became more involved in the discussion and more engaged in
conversation with puppets. Many children who did not normally speak became more willing to share their
ideas with the puppets. The children were found to give fuller explanations of their understandings so that the
puppet would understand better. Children’s science talk was also found to involve more reasoning and
children talked more readily about scientific problems with the puppets. Higher-order thinking skills (such as
explanation and justification) were promoted and improved. This allowed educators to observe and document
a range of science skills that may be difficult to see in other science explorations.

Like any resource, puppets should not be over-used. However, research has indicated that children react
positively to puppets and, apart from their other applications at pre-school for imaginative play, they can be
used to expand and enhance children’s understandings in many areas of science as well as provide an educator
with many opportunities to document science learning.

When using puppets to engage children in science, there are a number of practical elements which
should be employed to gain maximum benefit from the experience. When planning the puppet dialogue, you
need to be fully prepared. Simple things to do include:

Discuss with children some ground rules (not too many) so that everyone has the opportunity to talk.
Remember that most of us can, at times, have overlapping conversations. The idea is that all children feel that
their ideas are equally valuable; all children who want to share ideas can do so. When ready, your puppet can
be used as a stimulus for talk. For example, have your puppet present a science problem to the children. Some
examples of how to do this are:

1. Being muddled and asking the children for ideas, e.g. puppet says, ‘I don’t understand why the feather

ask the children questions, thereby gauging their understanding or naïve concepts in science

help children plan an investigation – the puppet becomes the ‘learned other’

answer some questions – it is less intimidating than adults

ask the teacher for some ideas on how to decide what to do

ask the children for help – the children become the ‘expert’.

think about a character when you are using a puppet – it should suit your personality and teaching style

introduce your puppet to the children – children will then know what to call the puppet

allow the puppet to show a range of emotions and have a life outside the ‘lesson’ (avoid stereotyping)

having the puppet make eye contact with individual children as it speaks to them (i.e. turn its head to
face the child speaking)

avoid having the puppet make lengthy speeches – simple sentences promote responses.
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1. Being muddled and asking the children for ideas, e.g. puppet says, ‘I don’t understand why the feather
is floating. Can someone explain, please?’

2. Presenting a range of ideas children have been overheard discussing, e.g. puppet says, ‘Robbie said the
car travels in a straight line if its wheels are straight.’

3. Disagreeing with the educator’s ideas, e.g. puppet says, ‘You’re wrong – the very hungry caterpillar
turns into a moth, not a butterfly!’

4. Using puppets to help children solve a problem, e.g. puppet says, ‘Help me with this. What can I do?’
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Conclusion
This chapter discussed various teaching approaches early childhood educators can use to advance children’s
learning in science. It presented practical strategies for helping children to learn in science: intentional
teaching, probing children’s prior understandings, scaffolding learning, effective questioning, and science
explorations. Finally, it referred to the underlying beliefs that are at the heart of children’s learning: children
construct knowledge from their own experiences, educators are able to scaffold that learning, and social
situations enhance learning opportunities.

Practical task  Using puppets to introduce science concepts

At an early childhood centre, you have been asked to use puppets to introduce children to the ideas
surrounding life cycles. How would you do this? Provide an outline of your approach, indicating what
character the puppet will take on, the role of the educator with the puppet and how the puppetry will
introduce the topic (e.g. being muddled or asking the children for help).

1. What science concepts or key ideas will the puppet introduce?

2. What other props might you use?

3. After the introduction using the puppet, how will you engage children in further explorations?
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Schema – a mental construct which connects ideas in a child’s mind.

Child-instigated – play or activity which the child has initiated.

Intentional teaching – the deliberate decisions and actions of an educator to enhance children’s learning.

Discrepant experiences – experiences which disagree with a child’s current thinking and that encourage
children to re-think their understanding.

Process skills approach – an approach whereby the educator assists children to develop science skills.

Discovery approach – children ‘discovering’ knowledge and understanding through their own
investigations. A guided discovery approach involves the educator assisting the child.

Incidental science – occurs when children are exposed to science experiences during their own
investigation, or through everyday play.

Emergent curriculum – curriculum arising from children’s own investigations.

Scaffolding – adult guiding and supporting the child’s learning via focused questions and positive
interactions.

Interactive approach – children are actively engaged in learning science; children’s question(s) lead the
explorations and the educator’s role is to provide resources and guide/scaffold the explorations.

Inquiry approach – children undertaking investigations to answer their own questions, through phases:
engagement, exploration, explanation, elaboration and evaluation.

Problem-based learning – a child-centred approach where the educator provides a problem to children and
gives them time to try to solve it.

Project-based learning – children work collaboratively to problem-solve around a specific need.

Targeted exploration – educators provide resources to support children’s interest in a particular science area,
or focus.

Effective questioning – asking the right question at the right time.

Representational construction – strategy which involves providing children with multiple ways to see,
experience or interact with a key science idea.
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Chapter 6

Teaching science inclusively with a special focus on
Indigenous learning

◈

Kate Chealuck and Coral Campbell

This chapter will investigate science learning from the viewpoint of inclusive practices, which acknowledge
cultural perspectives and Indigenous science knowledge.

The authors acknowledge that they are not Aboriginal or Torres Strait Islanders but have sought
guidance from Indigenous associates to ensure that the representation is factual and truthful with due respect
for Indigenous peoples.

Objectives

At the end of this chapter you will be able to:

discuss the principles of inclusive teaching in relation to science learning

describe ways in which educators can be more inclusive in their teaching, specifically with respect to
science

describe Indigenous learning in sciences, particularly in an early childhood context

outline the relationship between Indigenous learning and inclusive practices.
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Inclusive practice
The Melbourne Declaration on Educational Goals for young Australians (MCEETYA, 2008, p. 7) indicates
that all students must have access to high quality schooling that is free from discrimination based on gender,
language, sexual orientation, pregnancy, culture, ethnicity, religion, health or disability, socioeconomic
background or geographic location.

Social justice and equity are important elements of early childhood education, where there is an emphasis
on including all children in educational settings. Accordingly, this emphasis has been instrumental in
changing both policy and practice to meet the needs of a diverse range of learners. In particular, people who
were often discriminated against and segregated in the past on the grounds of their religion, race, ethnicity,
sexuality, disability or gender are a central focus of this educational reform.

Australia is a diverse country. There are over 400 languages spoken and 16 per cent of the population has
English as a second language (ABS, 2010). Approximately eight per cent of children have a disability.
Differences in socioeconomic status, family structure, living conditions, health and the outer limits of ‘normal’
appearance are additional factors that add to this diversity. This highlights that children in early childhood
settings have a range of different backgrounds and different life experiences.

A core value of early childhood centres is the care of all children in their centres, but with particular
emphasis on the child as an individual. Being focused on individual needs and stages of development of young
children, rather than age-related development, provides many opportunities for inclusivity. In recognising that
families and educators have different backgrounds and expectations, there is a need for all groups to work at
the negotiation and creation of collaborative relationships to promote practice which is of benefit to young
children.

Within a centre or a school, inclusive practices require a committed approach by all staff members with
the development of policies and the adoption of common practices. Staff should have positive attitudes to
children with diverse needs along with a shared understanding of the best way to deal with the learning needs
of these children.

Inclusive principles have been developed in most state jurisdictions to guide educational provision. The
principles (adapted from the Department of Education and Training, Queensland) include, but are not
limited to, the requirement to:

provide high quality education for all students

respond constructively to the needs of educationally disadvantaged or marginalised students

view difference as a resource to support learning

ensure that all school community members feel safe and free from discrimination, bias and harassment

promote locally negotiated responses to student, family and community needs through effective
community engagement processes and cross-agency collaboration

ensure that inclusive education practices are embedded in all state school policies and initiatives.
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The nature of science in society: incorporating inclusive practices
In general, it is acknowledged that science affects society in many different ways, but, equally importantly,
society affects the directions of science. Social and cultural issues and the thinking associated with them may
be shaped by scientific issues and influences. Infusing early childhood policy and practice with inclusive
practices ensures that the voices of children from diverse groups are considered. Representing science in the
broadest sense of the nature of science in society and how it relates to the child, the family and the
community, enables children from diverse groups to see themselves reflected in the nature of science in
society. In particular, the nature of science in early childhood relates to children answering questions of
interest to them. As indicated by Worth (2010), ‘The content of science for young children is a sophisticated
interplay among concepts, scientific reasoning, the nature of science, and doing science.’ To illustrate this, the
following example is described.

A child asked the educator questions about a specific breed of small parrot found only in the local area.
In conversations at home, the child’s parents had been discussing the local protest in response to an industry
development near the parrots’ breeding ground. The child asked why people were getting angry and why the
parrot could only live there. The educator was unable to answer all the child’s questions, but together they
searched on the internet to find answers. The child’s interest then started to focus on the birds that were
present in the outside environment of the centre. With guidance from the educator, the child observed the
birds in the outside space over five days, using pictures of local common birds downloaded from the internet.
The child constructed a journal where she drew the birds she saw and recorded how many she saw in a day.
She observed the birds’ activities, raising questions about certain behaviours. At the end of the week, she had
completed her inquiry and had recorded her observations in a journal which she took home. During this time,
the child was engaged in her own inquiry into a social – science interest while she observed and documented
animal (bird) behaviours.
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Societal stereotyping disadvantages science learning for students with diverse needs

The image of science is equated with stereotypical Western masculine characteristics such as domination,
objectivity, logic, independence, rationality (Skamp, 2001.) Schinske, Cardenas and Kaliangara (2015), in a
review of past research, found that holding certain stereotypes of science and scientists could affect children’s
interest and persistence in science. When children describe scientists, they tend to mostly draw men in white
coats with test tubes in pockets, performing explosive experiments. The men usually have beards and glasses.
Although this image of science is slowly changing, there remains a societal expectation that science is a
predominantly male field.

The effect of this stereotypical image of science, even among very young children, is that diverse groups
can be marginalised from science. Such groups include gifted and talented children, gender groups,
sociocultural groups (including migrant and refugee children) and special needs children (those with medical,
behavioural, developmental, learning or mental health issues).

153



Gifted and talented children

One group of children which is often not considered when thinking about inclusivity are the gifted and
talented. However, these children need support to ensure that they receive developmentally appropriate
programs regardless of social or cultural background. If given specific support, gifted children have the
potential to excel in areas such as language, problem-solving, physical or interpersonal skills. These students
require support in some of the following ways:

multi-level and multi-dimensional approaches to address differences in the rate, depth and pace of
learning

individual projects – at their own ability level

enrichment activities

enhanced cognitive expectations through higher-order thinking skills.
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Aspects of gender

There is significant research around the idea that gendered roles start to develop in young children from birth.
In early childhood, young children’s attitudes tend to follow that of their parents and their experiences that are
also largely governed by their closest relationships with family and friends. The gendered role of parents can
develop children’s gendered roles. If male children are never expected to help with household tasks such as
cooking, but have the opportunity to ‘build’ things with their father, stereotyping can occur. If children only
ever see men in the role of a scientist on television or in videos, then they will accept these as ‘normal’.
Research by Campbell, Bachmann and Sprung (2006) into young children’s prior experience with science
activities, has shown that at the start of the kinder year, 66 per cent of 4-year-old boys compared to 51 per
cent of 4-year-old girls said they ‘do science’. However, by the end of the year at pre-school, the research
found that all children believe they ‘do science’. The pre-school teacher, who actively worked to engage all
children in science, was able to change the opportunities for children to engage in science-related activities.
Gendered attitudes to science fluctuate across primary school, with research indicating the girls tend to have a
more positive attitude to science, although experiences still varied depending on their external exposure.
Essentially, most research into gender has found that children’s access to science learning depends on the
involvement of the educator and how he or she promotes science to all children in an inclusive way.
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Sociocultural groups

Sociocultural groups include those who may be disadvantaged due to their social situation: low economic
situation, poverty, lack of education, or those from different cultural backgrounds. Socially disadvantaged
children may lack the support at home, and they may have lower expectations or reduced experiences in the
broader world. Culturally diverse children may exhibit both cultural differences and language differences
which might impact on their learning. Educators, however, can be inclusive of sociocultural diversity by
offering opportunities for children and parents (communities) to share their experiences and cultural stories
with respect and acknowledgement of difference. Being respectful and open to difference can lead to an
enriched understanding at pre-school and school. In particular, Harlan and Rivkin (2012) indicate that
parental expectations in some cultural groups actually improve the possibility of their child succeeding at
science and mathematics. Early childhood educators can harness this expectation when offering experiences to
different groups.

Case study 6.1  Young children demonstrating racial and gendered behaviour

Two educators, Tracey and Miriam, were both challenged by explicitly gendered and racial behaviour
(name-calling and bullying based on colour and gender) from young 4–5-year-old children in their
early learning centre. They had expectations that young children would not have developed such
prejudices; however, they found their expectations to be false. The educators commented that ‘issues
of race, gender and culture directly impact children’s learning’ (Freeburn & Giugni, 2008, p. 1).

Reflection

Reflect on instances where you have experienced racial or gendered behaviour:

1. Have you observed any gendered behaviour in early childhood centres you have attended? How
did the educator deal with them?

2. Were your experiences of learning science at school affected by gender or race?

Increasingly, the importance of teachers being culturally inclusive and acknowledging cultural
perspectives are being recognised and promoted. Socioculturally inclusive attributes and practices are found
throughout the curriculum, policy documents and the Australian Professional Standards for Teachers.
Inclusive teachers are able to understand, interact and communicate effectively, and with sensitivity, with
people from different backgrounds, and apply their sociocultural competence in practice every day (Perso &
Hayward 2015).

Experiences children have in the home (i.e. home culture) also affect the way they consider and interact
with science. Children who are exposed to living things in the garden will generally have an appreciation and
‘care’ for them when compared to children for whom all spiders are perceived as ‘scary’ and are killed when
they appear in their homes.
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Adopting critical equity practices in early childhood science
There are a number of practical steps educators can do to present an inclusive ‘science within society’ image.
For example, materials, such as books and videos, can be changed to reflect wider society values of diversity,
communication, divergent thinking, cooperation and concern. For most of the routines in an early learning
centre, where play is a large component of the learning environment, children from diverse backgrounds will
learn at their own pace through the experiences involved.

Steps to adopting equity in practice include:

Introducing a range of measures to remove or minimise the effects of inequitable practices, enables children to
participate equally in all that the centre and the educators offer in science experiences.

Case study 6.2  Modifying our approach

When teaching children from diverse backgrounds it is sometimes appropriate to change the teaching
approach to more appropriately cater for them. For example, expecting a child from a non-English
speaking background to understand instructions immediately is not acknowledging that they may not
have the same language understanding or ear for English language intonations as children from an
English-speaking background. Strategies which could be adopted include slowing speech down, using

recognise individual difference in all interactions with children – educators attempt to provide children
with learning opportunities based on each child’s need

balance interactions between all groups – educators spread their time evenly so that no child feels
disadvantaged

have similar expectations for all groups – the educator’s expectations should always be for optimum
effort and achievement from every child, regardless of the diverse group to which they belong

build confidence and self-esteem – the educator values the language and experiences of all children to
build their self-assurance.

challenging the image of science – educators need to challenge the image of science by using examples
of science in diverse settings with diverse groups

– providing role models which include diverse groups – educators should provide images of
scientists from all cultures and diverse groups (visiting scientists who are not Caucasian as well as
female scientists)

– challenge non-inclusive assumptions and behaviour – educators need to challenge children’s biases
(or that of their parents) and model appropriate behaviours

– provide opportunities for negotiation – educators need to encourage and value every child’s input

– vary teaching strategies – educators use strategies which allow for different learning preferences
and participation of all learners

– improve access of equipment and equitable distribution of resources – educators ensure that all
children have equal access. (Campbell, 2012)
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simple language and gestures that model the required actions, introducing non-language-based
communication tools (icons or drawings) and ensuring that the child fully comprehends what is said.

Reflection

Consider what other adaptations may be required for working with children from diverse
backgrounds:

1. What could you do when providing science information to a child with short-term auditory
problems?

2. How can you adapt an exploratory table for a child in a wheelchair?

3. How can you ensure that your science activity is inclusive of all your cultural groups?

In science, it is always important to start from children’s own experience, as it is accepted that a child
constructs new knowledge by linking new experiences with old and by building on prior knowledge. This has
benefits in terms of inclusivity due to the fact that when starting from children’s own experiences the educator
is demonstrating that they place a value on that experience. When an educator starts from a child’s own
experiences and interests it is much easier to motivate the child to develop further explorations and curiosities
about the world. Using a constructivist approach and inclusive strategies, such as a child-centred approach, the
educator allows children to develop their own understanding, their capacity to learn and enhances their
decision-making skills.

Inclusive practices in science also involve the enabling of effective communication through active
listening and engagement and through positive reinforcement of effort and achievement. Recent research
(Harlan & Rivkin, 2012) has highlighted that discussions with adults or peers can enhance science learning
through the development of shared meaning. With diverse groups of students, this approach allows them to
participate. A number of mechanisms are identified which can improve communication. These include:

talking, discussing, brain-storming

– allowing children’s input into all aspects of discussion (this involves using a non-threatening
approach which encourages children to participate, accepting that children might like to just listen
sometimes)

learning the language of science

– this empowers children to engage in discussions using the right words and with the same base line

peer tutoring, cross-age interactions

– children learn from each other in less threatening or intimidating situations

interactive teaching

– using children’s questions to guide explorations

effective questioning

– asking children questions to focus their thinking, enhance their thought processes and to provide
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Using these approaches, the educator is valuing the child’s own language and making attempts to include
children using their own language or representations which are understandable to a non-English speaker.

– asking children questions to focus their thinking, enhance their thought processes and to provide
the educator with additional information about the learners’ understandings

offering other means of communication such as drawing to support children’s attempts at verbal
communication.
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Applying generalised practices in science activities and explorations

Science is considered important for all children as it is an approach to thinking and behaving which
incorporates aspects of motor, behavioural, sensory, communication and mental functioning (Harlan &
Rivkin, 2012). Through a collaborative approach, children’s opportunities for personal interactions are
enhanced. Children from diverse backgrounds can contribute to the opportunities involved in exploration and
investigations. Working at their own level, children come into an activity from a point of their own
understanding, they develop further through participation in the activity, and exit the learning experience with
knowledge that relates to their needs.

At a practical level, there are many simple strategies educators can use to make the materials and
environment more accessible to children so that all can contribute:

The key to working with children from diverse backgrounds is variation and complexity – keeping
instructions, materials or tasks more varied and with increasing complexity so that all can participate.

Practices which are more inclusive in science usually tap into children’s individual experiences embracing
a broad range of ‘ways of doing’ things. These can lead to a more comprehensive and creative approach to
science explorations that use:

placing material on a table for a child in a wheelchair

using tongs for children with limited fine motor control

forewarning students of things to come – effectively repeating some introductory instructions (those
with limited language skills can hear/see the information clearly and can be more prepared to engage)

using visual material for children with limited aural or language skills

ensuring that the educator is in the line of sight of a child with limited hearing, modelling the task for
children to observe before doing

using a ramped task (one of less or more complexity) or scaffolding for a difficult activity/exploration.

communication media – photography, videos, newspapers, magazines, computers (many young
children are adept at using digital technologies and these can be used in an early childhood setting to
enhance the science learning through online research or digital recording of an exploration; videos and
photographs of items, events or places can stimulate a child’s curiosity to try to learn more about a
particular subject)

games – games can often provide a different way of looking at something (i.e. a simple categorising
game can help children group animals according to visible characteristics)

cartoons and humour – young children enjoy humour and a cartoon can represent a science idea in a
visual manner, allowing children to understand the basic concept

role plays, acting and drama – ideas can be reinforced through role play, acting or children creating
their own drama around their understandings (one which has been used with very young children is
the acting out of the planting and growth of a seed, with the main characters being the farmer, the
seed, the Sun and the rain; most children love to participate and are happy to take their turn as one of
the characters)

creative drawing, design, construction – there is a level of cognitive involvement in creative drawing
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Within the context of a child’s world, science is demonstrated as a human activity. It is accepted that all
children are capable and interested in exploring and understanding their world. Educators can achieve this
connection to the child’s world through:

In helping children to develop a range of practical skills, educators can enhance the skills of those children
who haven’t had the opportunity to learn them at home.

creative drawing, design, construction – there is a level of cognitive involvement in creative drawing
and construction (a child involved in these activities can often convey quite complex ideas through
other representations)

creative writing, storytelling – storytelling or creative writing can provide a child with opportunity to
‘tell their story’ in ways that they can understand (in particular, valuing a child’s prior experience
through encouraging storytelling is an inclusive practice and links with Indigenous cultural practices
discussed later).

valuing inquiry-based learning – using children’s own questions to guide their own investigations

looking at historical perspectives – talking about how people managed in the past, how science
exploration has impacted on human life

visits and visitors show that science is ‘outside’ the pre-school centre and is valued by others

awareness of science in a broader context – using local news items to highlight the science in the wider
world

values – particularly relevant with environmental issues and children developing their own values about
the place of science within the debate on solving world problems

social implications of science and technology – discussion on how science has helped or hindered
personal lives.

These skills could include:

helping to solve problems in a practical way with hands-on explorations

providing a tinkering table so that children can pull things apart and (maybe) put them together again

demystifying the use of modern technologies by allowing children access to a range of technologies
available in the early years.
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Cultural understandings: the importance of Indigenous knowledge
Indigenous knowledge is a term which refers to the systems of understanding generated at the level of
community. It is used by Indigenous people in settings as the basis for local level decision-making, but can
extend much further than local boundaries. Semali and Kincheloe (2011, p. 3) comment that Indigenous
knowledge arises when residents of an area ‘come to understand themselves in relation to their natural
environment’. Indigenous knowledge arises through Aboriginal people’s relationality and connection with
land and relates to their ways of knowing, ways of doing and ways of being. Embedded in culture, it is
significantly different to the modern understanding of science knowledge. It should also be understood that
there is no single ‘Indigenous knowledge system’ – no ‘one size fits all’ (Rigney, 2010). Diversity exists within
the broader Indigenous communities where lndigenous languages are different and knowledge systems are
generated across different regions. A knowledge system is a cluster of understandings related to content,
components or types of knowledge that are defined by the user who assigns value to it. It can evolve and adapt
and is subject to variations of the user. In relation to appropriate educational approaches, educators should
seek out local Indigenous elders to gain understanding of the local knowledge system.
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Aboriginal and Torres Strait Islander culture

Aboriginal identity is about relationships, connections and obligations to people (‘kinship’) and/or place
(Country). Perso and Hayward (2015) state that ‘Aboriginal and Torres Strait Islander identity is about
ancestry and “country” of origin; about seeing oneself as Aboriginal. It is not about skin colour, DNA or
bloodlines’ (p. 7).

Relationships are extremely important in Aboriginal and Torres Strait Islander cultures so it is essential
that educators build strong relationships with children and their families. This can be achieved by showing
interest in knowing them, knowing about them and their extended family, meeting the families and
caregivers. It is most important to allow time for children to trust and respect the educator (Perso & Hayward
2015, p. 32).
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Indigenous science

Indigenous science knowledge is the oldest system of knowledge in the world, spanning at least 50 000 years.
It has been refined through multiple exposures and interpretations, based on multiple experiences. It is a
system of science knowledge which is intertwined with Indigenous belief systems and ways of knowing.

Indigenous science understandings relate to knowledge arising from a focus on land, knowledge of the
environment, weather, circular time (where time exists in a circular pattern and the individual is in the centre
of time-circles), traditional tools and their development and purposes. These science understandings are based
on close observation, experiences and interpretations of events which have been passed down through
generations and are focused on specialised understandings of the world: Earth, space, living things,
environments and weather, and patterns.

In more recent times, researchers have tried to elaborate the differences and similarities between science
derived through Indigenous environments and those developed in the Western world. Baker, Rayner and
Wolowic (2011) comment that Indigenous science has evolved through human experience with the natural
world and is characterised by:

Western science is:

While Western science studies the individual parts of the natural world to try to understand it, Indigenous
science understanding is developed in a more holistic way by observing the connection across the parts (The
Living Knowledge Project, 2008). This juxtapositioning of the two science knowledge systems allows cross-
overs and natural links to be made.

Early childhood science is similar to the way in which Indigenous science knowledge arose. Both
incorporate a need or want for the understanding of the surrounding world, experiencing of scientific
phenomena, undertaking inquiries and developing everyday science understandings based on experiences. In

knowledge of the metaphysical (spiritual) world

a view of nature as interconnected and interdependent (note – modern Western science, such as
ecology, is coming into agreement with this view)

rooted in local places and community needs

derived through direct interaction with the natural world

assumed responsibility for maintaining harmonious relationships among people, nature, all life, and
the spiritual realm.

discipline-based (e.g. biology, chemistry, physics)

limited to knowledge of the physical world

focused on the search for knowledge that is universally valid as a fundamental goal

based on knowledge frequently obtained through in situ experiments that limit the complexity of
natural environments by controlling variables and placing phenomena of interest into controlled
environments (field studies, using observational methods in most biological environments)

concentrated on the ideal of value-free research for the objective and unbiased search for knowledge
which it holds in high regard.
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particular, Indigenous science knowledge relates strongly to the practices of inquiry science as children
observe, interpret and apply their observation to other situations.
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Social protocols

Within the classroom, cultural differences have implications that are important for teaching science.
Differences in children’s language and behaviour may result in unintended interpretations of misbehaviour or
disrespect. Aboriginal and Torres Strait Islander children might avoid eye contact, which may be interpreted
as rudeness or disinterest. They may be reluctant to engage in debate or arguments and may sit silent in the
face of questioning, which could be interpreted as not knowing the answer, or rudeness. Instead, consider that
these behaviours may be signs of respect or politeness, or a means to avoid giving offence – it might be
culturally inappropriate to challenge or question a teacher or elder person (Alberta Education, 2005).

Cultural differences in social protocols and how language is used may also be about respect and
politeness. According to the Government of Western Australia (2012), this may include:

An educator with the knowledge of social protocols will be able to develop respectful working relationships
with Aboriginal children, their families and communities to work together towards enhancing children’s
learning.

Case study 6.3  Working with Aboriginal and Torres Strait Islander pre-service teachers

While questioning in science education classes is common to determine prior understandings and
challenge non-scientific ideas, it came as a shock that it was unintentionally causing anger and distress
to some Aboriginal and Torres Strait Islander students in my class. In discussing this further with
them, I realised that singling out or individually asking students to answer questions they may not
know the answer to had resulted in them feeling ‘shame’ – a high form of embarrassment that could
damage teacher–student relationships and impact on learning.

Reflection

Shame in Aboriginal culture is debilitating and connected to avoidance. Shame influences self-
confidence and self-esteem and can dominate how many Aboriginal children think, talk and behave in
the classroom (Basaraba, 2017).

Considering that it is imperative to teacher–student relationships that everything is done to avoid
shaming someone else:

1. What could you do, in this case, to help students ‘save face’ or diffuse any embarrassment
experienced so that the student can regain their composure quickly?

who has the right to talk and when

the types of topics that can be discussed

the types of questions that can be asked and answered

the time taken to respond

the type of response given

the use of body language.
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2. What could you do to keep your relationship with the students intact?

3. How else might you ascertain the understandings of Indigenous students?
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Aboriginal and Torres Strait Islander pedagogy

Aboriginal children bring different knowledge to the early childhood centre or classroom. It is important to
share that knowledge with other children, which adds value to their knowledge (Perso & Hayward, 2015).
Inviting local elders to share their traditional scientific knowledges can help bridge the cultural gaps between
what may be interpreted as the two distinct and separate knowledge systems of Western science and
Indigenous science knowledge.

Science education lends itself to the learning needs and pedagogies of different people. The importance
of observation, discovery and exploration is emphasised in both Western science and Indigenous knowledge
systems. Inquiry and discovery learning enables a balance between teacher direction and children’s autonomy
that is also important to Aboriginal cultures. Collaborative work enables and enhances relationships with
others, and representations and visual symbols draw on forms of non-verbal communication that follow
cultural protocols.

One example of an Aboriginal pedagogy framework that can be utilised in science education is
Yunkaporta’s (2007–2009) 8Ways: Aboriginal Ways of Learning and Pedagogy. This recommends using
Aboriginal processes and protocols rather than Aboriginal content to enable a culturally inclusive classroom
environment. The framework allows teachers to remain focused on curriculum content while integrating
Aboriginal perspectives and practices into everyday teaching. Yunkaporta states that the framework was
intended to be a ‘culturally safe point of entry for teachers to begin engaging with Aboriginal knowledge and
cross-cultural dialogue in the community’ (2007–2009, p. 8). These protocols can enhance learning for all
children.

The framework, as shown in Figure 6.1, interconnects eight pedagogies that link to cultural protocols,
including narrative storytelling, visual learning, hands-on practices, the use of symbols and metaphors, land-
based learning, modelling and connecting to community.

Figure 6.1 8Ways Aboriginal pedagogy framework

Source: Yunkaporta, 2007–2009, p. 10.

Case Study 6.4  Using the 8Ways Framework

Yunkaporta (2007–2009) used the 8Ways Aboriginal pedagogy framework to develop learning
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Yunkaporta (2007–2009) used the 8Ways Aboriginal pedagogy framework to develop learning
experiences for children about space and the universe. The 8Ways were utilised in the following
programs of learning:

1. A learning map was created with children to describe the topic and the intended learning
outcomes. This was visualised and discussed with the children along with how they might share
what they learn with their families and communities at the end of the program.

2. Stories were shared about experiences with and understandings of the topic – the educator
shared family stories of watching the stars and recognising the constellations with her father, and
listening to her mother recount the Moon landing from 1969. Children shared their stories in
pairs and small groups, verbalising to the whole group only if they wished. A traditional
custodian of the land, from the local cooperative, was invited to the class to share cultural stories
about the universe and make more explicit cultural links.

3. Hands-on activities were provided for children to interact with independently and in groups.
Some of these activities were first modelled for children, promoting the Aboriginal protocol of
‘watch first, then do’ (deconstruct/reconstruct). There were opportunities in activities for non-
verbal learning and reflection, as well as verbal. Activities contained many representations and
visual symbols of space artefacts and objects. Children could repeat activities if they were
interested, encouraging the non-linear process of repetition and returning to concepts. Children
also went outside to connect to their local environment (land links) to investigate the Moon and
the Sun.

4. Children were encouraged to create their own visual images and symbols to communicate their
understandings and represent their learning in a variety of ways, such as drawing, painting and
making models.

5. Children were encouraged to ‘try it a new way’ (non-linear) and apply their understandings to
new situations, such as tracking and tracing shadows to show the movement of the Sun. They
were encouraged to connect with home and go outside to look up at the sky at night.

Reflection

Consider the 8Ways framework provided in Case study 6.4:

1. Would you feel comfortable incorporating the 8Ways into your practice? Why or why not?

2. How many of these processes (e.g. story sharing) do you already incorporate in your teaching?

3. How might you utilise these processes in planning learning experiences?
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Bush kinders

Bush kinders provide opportunities for children to foster connections to land and culture and use nature to
make cultural links to both Western science concepts as well as Indigenous science knowledge. Inviting local
community involvement from traditional custodians or family members can also help build these links
through oral stories, and using nature to build tools and traditional artefacts. Bush kinders can be highly
culturally inclusive and can cater to culturally inclusive learning needs (Perso & Hayward, 2015):
incorporating observation and imitation, personal trial and error, real life experiences, context-specific skill
building, relationship building, spontaneous learning, and collaborative problem-solving, as well as the 8Ways
pedagogy discussed earlier. Bush kinders also facilitate cultural protocols such as ‘study nature but do no
harm’, make links to totems and build a sense of belonging and respect for the environment. See Chapter 12
for further information about bush kinders.

Case Study 6.5  Coolart bush kinder

This bush kinder commenced in 2010 and exists as a partnership between Somers Pre-school and
Parks Victoria. A particular feature of this bush kinder approach is the inclusion of the local Boon
Wurrung people whereby a traditional custodian accompanies the children, introducing them to
Aboriginal culture, plants and animals, singing, dancing, using tools and enacting stories.

The educator commented that the bush kinder approach had been particularly worthwhile for
one boy on the autism spectrum. ‘Our relaxed program of tree climbing, running and building with
natural materials allowed him to show his strengths and skills, both on his own and with his friends’
(Julie Georgiou, educator).

Reflection

Consider Case study 6.5 and the following questions:

1. How does the inclusion of a traditional custodian assist in developing the children’s respect for
inclusivity?

2. How could the educator build on this practice back at the centre?
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Principles of inclusivity

Various principles of inclusive practice in working with Aboriginal and Torres Strait Islander peoples/children
have been identified:

When considering inclusive teaching practices with Aboriginal and Torres Strait Islander children, educators
are also considering individual difference and building values related to equity and social justice.

A close look at these principles will allow the educator to see that these are widely applicable. They are
not only principles to consider when teaching children with diverse needs, but they also strongly resonate with
the general practices surrounding early childhood science learning.

respecting and recognising difference as important

collaborative practice with children, parents and other teachers

developing relationships with children, family and community members

working with children’s strengths

consideration for individual difference.
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Conclusion
This chapter has provided insight in relation to inclusive teaching practices in early childhood science
education. Inclusive pedagogies were discussed and illustrated through case studies and stories of appropriate
teaching and learning. Science education in early childhood centres has the ability to bridge the diversity gap
and allow science learning to occur from the child’s own perspective and strength, celebrating the diverse
learning needs of the young children in their care. The chapter concluded with some practical examples of
ways in which educators can adapt their practice to have an inclusive cultural focus when working with
Australian Aboriginal and Torres Strait Islander children and their families.
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Chapter 7

Using play pedagogy in early years science education
◈

Jane Johnston and Coral Campbell

Play is an important developmental tool, rather than just an informal aspect of childhood. While children’s
actions are purposeful activities that help them make sense of their world (Ebbeck & Waniganayake, 2010),
they are often misconstrued as messing about without purpose. This chapter addresses the theoretical aspects
of play and describes how play supports child development. It discusses play in both the pre-school and school
setting and play pedagogies to support science education.

Objectives

At the end of this chapter you will be able to:

describe the importance of play in young children’s understanding of science concepts

describe different play pedagogies that support the development of scientific understanding in
young children

outline the role of the teacher in supporting play pedagogies in science education.
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The importance of play
The importance of play is assured through the work of many theorists. Froebel (1826) felt that ‘play is the
purest, most spiritual activity of man’ (p. 3). He put his ideas about play into practice by creating the first
schools for pre-school children, which he called ‘kindergarten’ (children’s garden). These kindergartens
stressed the natural growth of children through action or play, with the emphasis on pedagogies that
encouraged and guided. Froebel also developed a range of practical resources to support children’s play, which
he called ‘gifts’, and educational activities, which he called ‘occupations’. Many of the practical educational
resources used today originated or were developed from Froebel’s ideas.

Rousseau (1911), in his work Emile, believed that children should be allowed to develop through play
free from the restrictions imposed by society, and that early pedagogies should provide a balance between
individual freedom and happiness and control from society. Most importantly, Rousseau stressed the
importance of personalised learning, emphasising that adults and the context should accommodate the
individual child rather than the child be expected to change to suit the adult or context. Child-centred
learning and experiential learning, central to both play and scientific development, are legacies of Rousseau’s
theories.

Piaget looked at the development of play in children and identified four different types (Dockett & Fleer,
2002; Piaget, 1976): functional play involving the repeated use of objects or actions, constructive play
involving the manipulation of objects to build or construct something, pretend or symbolic play where
imaginary situations replace real ones, and rule-governed play that is used in games. In all play, Piaget
regarded children as having an active physical and mental role (Dockett & Fleer, 2002).

Vygotsky (1962) emphasised the importance of language in learning and the social situation in which
both language and learning occur. Vygotsky’s social constructivist theories stated that learning is enhanced by
social interaction and that social learning leads to cognitive development (Vygotsky & Cole, 1978). He
postulated that learning is accelerated through interactions with more capable ‘others’ and that scaffolded
instruction is an effective way to enhance children’s learning. Vygotsky believed that symbolic play in young
children promoted cognitive, emotional and social development (Ebbeck & Waniganayake, 2010).

The work of these theorists is relevant today for early years science education as they link to many of the
main principles of effective science learning and teaching with young children. These principles include:

Throughout this chapter, we consider how these principles can be incorporated into play pedagogies so that
young children develop in an holistic way, supported by knowledgeable professionals and in an exciting
context so that scientific development equates with fun.

child-centred and tailored to meet individual needs

practical and exploratory, so that children develop skills

motivating, so that children develop important scientific attitudes

creative and challenging, so that children develop conceptual understanding

relevant, so that children can make links between science and everyday life and play with purpose

social, so that children develop socially and linguistically.
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Types of play and how they support child development
Scientific development involves children developing specific and general understandings, process and social
skills, attitudes, language and vocabulary. As such, the development of science understandings in very young
children is very similar to the overall holistic development of children. This section discusses how play
supports scientific development in an holistic way.

The distinction between work and play is difficult to define in the early years. Children consider any
‘work’ that is fun to be ‘play’, while adults may not value ‘play’ (Moylett, 2010) as contributing to children’s
development. There is also a misapprehension among some adults that structured, teacher-led activities are
play activities (CLS, 2013), or that we can direct or control play (Russell, 2010). There are many types of play,
with Table 7.1 describing some of these. As shown in Table 7.1, play is more than one type of activity and
each type of play can support children’s holistic development.

Table 7.1 Types of play and how they support children’s development

Type of play Definition How play supports children’s
development

Solitary play Characteristic of early childhood,
where the child plays alone.

Social development
(independence).

Emotional development
(perseverance).

Parallel play Children play alongside others
and may imitate behaviours.
Often develops from solitary play.

Skills development (through
imitation).

Social awareness.

Cooperative and collaborative
play

In cooperative play children play
and cooperate with others as they
play. In collaborative play, the
children have common aims and
work together to achieve these.
Cooperative and collaborative
play in middle childhood is seen
once children are socially aware.

Social development
(cooperation, collaboration).

Emotional development
(tolerance, respect for others’
ideas).

Cognitive development
(language development,
sharing of knowledge).

Epistemic play Children bring existing
knowledge to their play.

Cognitive development
(knowledge and
understanding, language
development).

Symbolic play Children use objects in their play
in ways that they were not
designed for.

Creative development (use of
imagination).

Cognitive development
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Cognitive development
(developing knowledge).

Imaginative play Children use their imagination in
their play, creating imaginary
scenarios or using objects in
creative imaginary ways.
Imaginative play can lead to ludic
play.

Creative development (use of
imagination),

Social and emotional
development (as children re-
enact scenarios).

Cognitive development
(knowledge and
understanding, language).

Ludic (fantasy) play Children imagine that they are
others, such as fantasy characters
or animals

Creative development (use of
imagination).

Social and emotional
development (when playing
with others).

Cognitive development
(knowledge and
understanding, language).

Socio-dramatic role play Children re-enact stories. Creative development (use of
imagination).

Social and emotional
development (when playing
with others).

Cognitive development
(knowledge and
understanding, language).

Exploratory play Children explore objects and
phenomena in their play,
bringing existing ideas to their
play and developing new ideas.

Cognitive development
(knowledge and
understanding, language).

Skill development
(observation, prediction,
hypothesis, interpretation).
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Figure 7.1 2-year-old Nate with a puppet, demonstrating imaginative play

Free play occurs when the play, or part of the play, is child-initiated, with the child selecting the
resources and deciding what to do. For example, when a child takes a paint brush and bucket of water and
decides to ‘paint’ the outdoor shed, she is exploring the evaporation of water in completely self-initiated play.
Most forms of play involve the teacher in some way, as described below, so that free play may be an element of
the play rather than the total play.

Solitary play (Johnston & Nahmad-Williams, 2010) is characteristic of early childhood play, before
children learn to play with others. It involves children playing alone without social contact, and can help
children to begin to be independent and to persevere at tasks they may find difficult. Young children may
spend long periods of time in the garden, sorting stones or making piles of stones, or moving them from one
place to another. They may observe a moving toy and try to figure out how it works (Johnston, 2009). In this
way, they make sense of the world around them and scientific phenomena that they encounter (Johnston
2014). It is important that practitioners allow children to play alone and not intervene or interact unless
necessary, as this is a characteristic of creative practice (CLS, 2012).

Parallel play (Johnston & Nahmad-Williams, 2010) can lead from solitary play, and involves children
playing alongside each other, with little or no social interaction. Sometimes children watch other children and
imitate their play. As an example, two 3-year-old boys are playing in a sandpit. One, James, begins to use a
spade to put sand into a sand wheel, making the wheel turn. The second boy, Freddie, watches for a while and
then uses a bucket to pour sand into another sand wheel in the pit. After a while, Freddie takes a full bucket
of sand over to James and pours sand into his sand wheel. James smiles and then takes another bucket and
pours sand in, finding that this is easier than using a spade. In this parallel play the children are beginning to
make causal links even if they cannot verbalise what they are thinking (CLS, 2012). The two boys then move
away from parallel play towards a third kind of play, social or cooperative play.

Cooperative play (Johnston & Nahmad-Williams, 2010) involves more sophisticated social development
and is characteristic of middle and later childhood. Collaborative play is an extended form of more developed
cooperative play, demanding enhanced social interaction. It involves children working towards a mutual aim.
The more developed social play, involving cooperation and collaboration, can help children to develop
understanding of rules (both social and within games) and the skill of negotiation (Johnston & Nahmad-
Williams, 2010), understanding of the different scientific ideas held by others, as well as a sense of
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responsibility. Johnston (2011) found that cooperative play helps to develop the skill of observation through
peer dialogue as well as interaction (see also Rogoff, 1995 and Robbins, 2005), and it plays a part in creative
approaches (CLS, 2013).

Other types of play can lead to conceptual development, although that is not to say that social play
cannot aid conceptual development. Epistemic play (Johnston & Nahmad-Williams, 2010) involves children
using their existing knowledge in their play, and can support the development of knowledge and
understanding along with language development (Johnston, 2011). The following case study highlights how
different types of play can occur simultaneously, and each type contributes to children’s development.

Case study 7.1  The pet shop

When 4-year-old children were playing in the ‘pet shop’ they had created in their classroom, they were
using knowledge about caring for animals in their play: what animals eat, what care they need, and
how long they live. In the role play, Meera sold a rabbit to a customer, explaining that it needed a
hutch, a run, straw, food bowl and water bottle. She explained that the hutch needed to be cleaned out
every day so that the rabbit had fresh bedding. Bobbie bought a dog from the shop. She explained that
it was a sheep dog and that she was buying it for her farm to help round up the sheep. She then took
the dog to her imaginary farm and, covering herself with a sheep rug, she ‘became a sheep’, while Joe
chased her around the ‘farm’. In this way the epistemic play became imaginative play (Johnston &
Nahmad-Williams, 2010), imagining the farm, animals and events, and then ludic play (Piaget, 1976)
or fantasy role play as Bobbie and Joe ‘became’ the sheep and the dog in their role play. Later, in the
play, a large cardboard box became a dog kennel and then changed to become a trailer to carry the
sheep to another part of the farm where the grass was better for the sheep to eat; typical of symbolic
play (Piaget, 1976), whereby children substitute one object for another, pretending and imagining.
Fran got the book The Snow Lambs (Gliori, 1995) and the three children (Bobbie, Joe and Fran) read
the book and then decided to re-enact the story, each taking a role in the play (and swapping when
they wanted to).

Reflection

When considering Case study 7.1, discuss the following:

1. How did the socio-dramatic play involve the children in exploring and sharing ideas about
farming and the animals, interacting with each other and identifying how the characters felt at
different stages of the story?

2. Can you identify what knowledge and skills were developed through this role-play activity?

Exploratory play (Johnston, 2005; 2014) is the type of play most often associated with scientific development,
as it involves children using their senses to explore the world around them and supports cognitive
development. Very young children do not necessarily exhibit exploratory play; sometimes their play does not
lead to further exploration (Johnston, 2005). Further, some educators do not always appear to know how to
support and encourage exploratory play (CLS, 2013). However, from about 6 years of age, exploratory play
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can lead to systematic investigations. In exploratory play, children are able to observe scientific phenomena
and this can lead to exploration in which they discover aspects of the world around them and develop
cognitively, socially, emotionally and physically. The Creative Little Scientist Project (CLS, 2012) identified in
a comprehensive review of literature that inquiry-based science education (IBSE) and creative approaches
(CA) had a number of synergies, one of which was play and exploration and that ‘playful
experimentation/exploration is inherent in all young children’s activity, such exploration is at the core of IBSE
and CA in the early years’ (CLS, 2012, p. 46).

Practical task  Seeing the science in everyday activities

Consider the table below, which highlights some common play activities in pre-school. Complete the
table.

Play activity Science skills Science knowledge
and understandings

Science attitudes

Sand pit

Construction area

Water play

Garden area

Case study 7.2  Play versus scaffolding

Research by Backshall (2016) found that most children’s play included science learning through
participation in a range of play activities. Through documenting and measuring the incidence of the
activities, she was able to draw conclusions relating to science learning and the educator participation.

Science area Percentage of children’s play Percentage of educator’s
scaffolding

Physics (physical world) 45–66 % 25 %

Material world (chemistry) 9–17 % 10 %

Living world 14–32 % 60 %

Earth and beyond 3–14 % 5 %

Reflection

Consider the example in Case study 7.2 and comment on the implications of this for an educator’s
practice:
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1. What might be the reasons for the observed differences in science play and scaffolding?

2. What can an educator do to enhance a more balanced approach?
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Structured play in the early years curriculum
Most play in the pre-school and early school years curriculum is structured play (Johnston, 2014), where the
educator is involved in the provision of time, space and a range of resources to support children’s learning.
The amount of educator involvement determines the amount of structure. Examples of how educators have
developed different amounts of structured play are presented below:

1. Resources are selected by the educator and children are able to use them in their play and make
decisions about the play in which they wish to engage. The resources help to structure the play and the
scientific development. For example, if the materials include water and a collection of objects with which
to collect and measure water, children will be more likely to explore ‘volume’ in their play.

2. Task-specific resources are selected by the educator. For example, children might be given some
magnets and a collection of objects and asked to find out which magnet is the strongest. They can then
be left to play with the magnets, with a specific purpose in mind. The children can choose to use the
resources in any way they wish to solve the problem.

3. In educator-led activities, the educator works alongside the children to achieve a specific outcome.
Here, the educator provides the materials, sets the task and explores with the children, modelling
behaviours and suggesting ideas for new avenues of inquiry.

As demonstrated by these examples, structured play can provide opportunities for children to make decisions
for themselves. Educators make professional decisions about how much structure is required, and how much
support and guidance to provide the children.

Case study 7.3  Post office

A post office had been set up in the classroom to support mathematical, language, social, scientific and
technological development. The 5-year-old children were allowed to play in the post office at specified
times and after other work had been completed. Six children were allowed to play in the post office at
any one time. Hussein was wrapping parcels to send abroad, and he found that the paper he chose tore
as he was wrapping the parcel. He explored the other paper in the post office and realised that the
parcel needed to be wrapped in something thicker to protect it. He decided to find some card so he
could make a box to protect the parcel but, at this point, the teacher announced that the children
needed to move on to another structured activity.

Hussein’s play at the post office allowed him to explore the different properties of materials, in
this case the strength of different paper. In realising that the parcel needed to be wrapped in
something thicker, he started to explore the use of card and the appropriateness of a box in order to
protect the parcel. Through this structured experience, even though it was cut short, Hussein had
started to develop his ideas about materials and their observable properties.

Reflection

When considering Case study 7.3, think of the following questions:
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1. What science was Hussein learning in his play?

2. How would Hussein’s scientific development be curtailed/enhanced by proscribing/allowing
the time spent in the play area?

3. What advantages/disadvantages are there to structured play?

4. How could you overcome the disadvantages of structured play and build upon the advantages?

5. How else could you support scientific development in post office role play?

6. How does Hussein meet the Foundation curriculum targets of the Australian Curriculum in
relation to chemical sciences?

Some educators set up learning centres where children can move freely from one play area to another and
decide how long they wish to spend at each activity. Educators may also set up the classroom so that children
can freely move from indoor to outdoor play. In order for this to be effective, children and adults need to agree
on shared rules, such as the maximum number of children at each activity, what resources are
available/unavailable, as well as basic rules of health and safety in play. However, the rules should not
adversely affect the quality of the play.

Post office role play, as in Case study 7.3, may begin indoors and then move outside for parcels and
letters to be loaded on a tricycle and ‘delivered’ to addresses. The children can be encouraged to draw a map of
their route, discuss the different terrain (muddy, sandy, grass, tarmac) and why the tricycle travelled better
over some terrains than others. They could explore how the tricycle worked and whether a different vehicle
travelled over the ground with greater ease. In this way, aspects of different materials (the different surfaces
travelled) and forces (the way the tricycle worked or travelled over the different surfaces) could be developed,
alongside physical, social and linguistic development.

Some role play lends itself to outside play, like a building site or a garden centre. As illustrated in Case
study 7.4, some exploratory play activities are best set up outdoors (weather permitting) so that children have
space and can make a mess.

Case study 7.4  Testing balloons

The water trough was placed outside the classroom and a range of objects were put on a table
alongside it, to promote understanding of forces (objects that float and sink) and materials (objects
that change in water – bubble, fizz, change colour – such as bath oils, colour-change bubble bath, or
bath bombs). One group of 4-year-old children was fascinated by the air-filled, water-filled and ice
balloons (balloons filled with water and then frozen) in the trough and decided to explore what would
happen if they threw them or dropped them. The children told the educator they expected the air-
filled balloon to fly away in the wind, the water-filled balloon to just drop to the ground, and the ice
balloon to explode and leave a crater in the concrete floor. (Consider: What would be your response to
the children? How would you react to their suggestion to trial their predictions about the balloons?)

The educator helped the children to plan what they would do, so that no-one would get hurt, and
they stood in a line and threw each balloon away from them. The children were very disappointed that
the air-filled balloon did not fly away and that the ice balloon did not explode. However, they became
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very interested in the way the water-filled balloon made a ‘splat’ puddle on the floor and then this
began to dry up in the sun.

Reflection

Based on Case study 7.4, consider the following:

1. How would you build on this interest to further develop the children’s curiosity and scientific
development?

2. Why is it important to start from the children’s interests?

3. How could you encourage science from the children’s interests in your own teaching?

4. How does this structured approach to play support the outcomes of the Early Years Learning
Framework? In particular, consider Outcome 1 (children have a strong sense of identity),
Outcome 4 (children are confident and involved learners) and Outcome 5 (children are effective
communicators). Refer to Chapter 2 for a review of the EYLF.
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The importance of play pedagogy in the first years of school
There is considerable research indicating that transition from pre-school to school settings is unsettling for
young children, particularly those who are younger, less able, have special educational needs or who have
English as a second language (Sanders et al., 2005; Timperley et al., 2003). The importance of a smooth
transition was highlighted by Timperley and colleagues (2003), who stated that transition can have an
immediate impact on children’s stress and a long-term impact on their grades and retention. One reason for
using play pedagogy in the early school setting is that young children are connecting with similar experiences
from their pre-school days. Research by Sanders et al. (2005) identified that the biggest challenge to children
was the move from a play-based approach to a more structured approach: ‘The introduction of the full literacy
hour and the daily mathematics lesson was identified as challenging because it was difficult to get young
children to sit still and listen to the teacher’ (p. iii). This was supported by Sena’s research (cited in Johnston
& Nahmad-Williams, 2010, p. 440), who stated that the two pedagogical approaches (child-centred and
directed teaching) created barriers for children. She indicated that the pre-school approach was more skill-
based, promoting learning through play, while early school was based on competency, with fewer play
opportunities. Sena further indicated that it was important to have a balance between child-led and teacher-
led activities. Siraj-Blatchford (2004, p. 713) also commented that ‘ … the most effective pre-school settings
(in terms of intellectual, social and dispositional outcomes) achieve a balance between opportunities provided
for children to benefit from teacher-initiated group work, and in the provision of freely chosen yet potentially
instructive play activities.’

Internationally, the early years period is considered to occur between the ages of birth to 8 years of age,
and this was recognised within the Victorian Early Years Learning and Development Framework (DEECD,
2009), which incorporated the transition-to-school process. Children in the 5–8-year age group are still
developing dispositions for learning, and an early school curriculum which incorporates play pedagogy allows
them to develop their thinking through a more open-ended, but guided approach. As children move across
the first few years, they are becoming more complex in their thinking processes while being able to follow
through on their own investigations. Inquiry approaches to science begin in primary schools, which support
this learning, but play pedagogy, which allows greater child autonomy, allows children to transition to school
in a less disruptive way. Weiland and Yoshikawa (2013) comment that children demonstrate long-term
academic gains through participation in play-oriented early childhood classrooms.
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Play pedagogies to support science education
Children’s interest in the world around them usually begins with their observations, whereby they see, hear,
smell or touch something that captures their interest and encourages them to explore. Kallery and Psillos
(2002) found that observation formed only five per cent of classroom activities and was not generally made by
the children, but by the teacher. Other research indicates that children’s observation tends not to be used to
initiate activities or motivate children to want to make inquiries (National Research Council of the National
Academies, 2007). Interest and effective development are best where children are practically engaged in
exploratory play (see, for example, BERA, 2003).

In planning play in the early years, educators should have an understanding of science experiences
appropriate for the early years, young children’s development, and the pedagogies that support early scientific
learning (BERA, 2003; Johnston, 2005; Johnston, 2014; National Research Council of the National
Academies, 2007) and promotes the need for scaffolding in play to facilitate scientific development. This
structured support will also motivate and facilitate social and language development, alongside scientific
conceptual understanding through questioning (Vygotsky & Cole, 1978) and co-construction of
understandings (Siraj-Blatchford et al., 2002). Social interaction, especially where it involves practical
exploration which builds upon previous knowledge, allows children to learn alongside peers and teachers. It is
also important that children are given sufficient time to observe, explore and discuss their emerging ideas with
others, so that conceptual understanding can be developed through the creation of conceptual conflicts (Hand,
1988), debate and argument (Naylor, Keogh & Goldsworthy, 2004) and ‘sustained shared thinking’ (Siraj-
Blatchford, 2009). Insufficient time can create frustration as children move from one sensory experience to
another, and are not able to develop one aspect of their play or explore their own interests emerging from their
play. However, if children are forced to remain in one play area just because the allotted time has not yet
elapsed, they are likely to become bored.

Practical task  Planning play activities

Plan some play activities for early years children that have a scientific focus. Specifically, plan your
involvement in the learning through considering the following points:

1. How will you introduce the play?

2. How will you interact/support/guide/model during the play?

3. What questions will you ask to encourage scientific exploration?

4. How will you evaluate your part in the learning?

Reflection

In considering teacher involvement, think about the following:

1. What was the impact of your role on the children’s scientific development?

2. How did having less teacher control over the activity affect scientific learning and behaviour?
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3. How can you develop your role to support and extend scientific learning?

Case study 7.5  Different play pedagogies

A scientific exploration day was set up for 60 children, consisting of two classes of 6 and 7-year-olds.
The learning outcomes for the children, based on a topic of winter, were to describe the similarities
and differences between a range of materials, to observe materials change when mixed, heated or
cooled, and to make simple predictions based on their observations.

Although the two teachers planned together, they had very different ways of teaching. Nicola had
been teaching for eight years and preferred a highly structured approach whereby she imparted
knowledge to children to ‘ensure’ that they met the learning outcomes. Patrick was in his second year
of teaching and preferred a play/exploratory-based approach, with the teacher facilitating learning
rather than imparting knowledge. The classes included a large number of children with special
educational needs, including autism and behavioural problems.

The children were told that they could move around from one activity to another, but that there
should be no more than six children at any one activity. Nicola found this very difficult and organised
the children into two groups of 15 children, rather than five groups of six children, and began to
demonstrate one activity to one group, while a teaching assistant attempted to do the same with the
other group. Patrick and his teaching assistant moved around the groups of children, encouraging,
supporting and asking questions, and allowed the children to decide when they had completed one
activity and were ready to move to another, providing there was space.

Within Nicola’s class, there were incidents of poor behaviour as children wanted to observe and
explore. Patrick’s class was more motivated and behaviour was not an issue, even with children who
had severe behavioural problems.

In Patrick’s class there was one 7-year-old boy called John who had severe learning difficulties,
being unable to read and write, and having work differentiated so it can be achieved at his level. John
was particularly interested in one activity, which involved the children investigating whether woollen,
cotton, rubber, furry or leather gloves kept ice-hands (ice-filled surgical gloves) cool or melted them,
with a key question: ‘What will happen if you put the different gloves on the ice hands?’ John wanted
to know how we got the ice into the glove. John told Patrick that ice comes from water that is very
cold. Patrick helped John to fill up two gloves with water and asked John to tell him where they could
put them to turn them into ice. John first suggested the freezer, so they put one into the freezer. John
then noticed that it was very cold outside and that he had seen ice that morning. He then asked if he
could put another glove outside. After 10 minutes he asked if he could check, but the gloves were still
not frozen. John told Patrick that it needed more time to get really cold. A short while later John
wanted to check again, and noticed that in the freezer the fingers were frozen but the palm of the
glove was not. John told Patrick that it must be because the palm is thicker and the cold has not got to
the middle yet. Eventually, the glove in the freezer had frozen so Patrick and John took it back to the
classroom and compared it with the glove outside. Other children had now noticed this investigation,
and it led to a whole-class discussion as to why this had happened. They discussed many possible
reasons before another child, Lorna, told the class that it gets coldest outside at night because there is
no Sun to warm us up. It was then suggested that they leave the glove outside overnight to see what
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would happen by morning, which they did, allowing the investigation to last beyond the normal
allocated lesson. The children also went home and did the same investigation, bringing in their results
the next day.

A few weeks later, Patrick was carrying out an investigation whereby the children held different
foods in their hand to see how quickly they melted. The children started with a chocolate button and
discovered that it melted very quickly. They then held a Smartie, and discovered that it did not melt as
quickly. This led to a discussion in which John suggested that there was a thicker coating around the
Smartie, stopping the heat getting in to melt the chocolate, and referred to the glove investigation,
likening the coat on the glove to the Smartie.

The class discussion that followed then led to the discovery that when we put a thick coat on it
does not warm us up but it stops our body heat escaping and stops the cold air getting in. This
discovery put the learning into a real-life context. It was a wonderful discovery that had come from an
independent, play-based activity and inspired the children to find out more information to extend
their understanding.

Reflection

Consider the following related to the two approaches described in Case study 7.5:

1. How do you think different groups of children would respond to the different pedagogical
approaches?

2. With which approach do you feel most comfortable? Why?

3. Discuss the positive and negative aspects of the pedagogical approaches that the two educators
used.

With the play approach followed in Case study 7.5, think about the following:

1. How did the play support and extend scientific learning for different children?

2. How could you accommodate more exploratory-based learning in your own planning?

3. How could you use a play approach in your classroom to achieve other scientific learning
outcomes?
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Conclusion
This chapter described the importance of play in children’s science learning. It discussed the different play
pedagogies that support children’s development of scientific learning and the importance of play pedagogy in
the transition from early childhood settings into school settings. Early school settings were discussed from the
perspective of play pedagogy, with important points made about the use of play as a vehicle for science
learning. Finally, examples of how play can be used in pre-school and school settings were used to illustrate
the discussion.
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Play – anything (activity) which is fun, and is instigated by the child.

Child-centred learning – approach which encourages children to take responsibility about what they will
learn and explore.

Experiential learning – learning through ‘doing’ and thinking about (reflecting) on the experiences.
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Functional play – involves the repeated use of objects or actions.

Constructive play – involves the manipulation of objects to build or construct something.

Symbolic play – imaginary situations replace real ones.

Rule-governed play – play that is used in games.

Play pedagogies – strategies which promote learning through play; a systematic approach to the practice of
learning and teaching through children’s play.

Solitary play – the child plays alone.

Parallel play – children play alongside each other, but may not interact with each other in the play.

Cooperative play – children play together with common aims.

Epistemic play – children bring prior knowledge into their play.

Ludic play – children imagine that they are someone else.

Socio-dramatic play – re-enactment of a story.

Exploratory play – children explore their surroundings and phenomena through their play.
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Chapter 8

Enhancing young children’s science identity through
pedagogical practices

◈

Elaine Blake and Christine Howitt

This chapter explores how young children’s science identity can be enhanced when thoughtful pedagogy is
provided by the educator. The first part of this chapter presents the definitions of science identity and
pedagogy, followed by an exploration of the relationship between educator beliefs and what they teach. The
second half of the chapter presents two case studies to illustrate pedagogical practices associated with learning
and teaching of science with young children, using play as a medium. These two case studies are interpreted
using the five learning outcomes of the Early Years Learning Framework (EYLF) to highlight young
children’s developing science identity.

Objectives

At the end of this chapter you will be able to:

describe science identity

describe pedagogy in terms of relationships and learning

describe the relationship between beliefs and pedagogy

relate young children’s science experiences to the five learning outcomes specified in the Early Years
Learning Framework to describe their developing science identity

describe various pedagogical principles that enhance the science identity of young children.
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Science identity in young children
Children build a strong sense of identity when positive experiences help them understand their contribution is
significant and respected by others (DEEWR, 2009). Science identity refers to how children perceive whether
they can do science and be successful at science, and how others perceive them at being able to do science
(Fenichel & Schweingruber, 2010). Developing a science identity can be influenced by opportunity, social
interactions with others and interacting with science resources. Recognition of belonging to a science
community can also enhance science identity (Fenichel & Schweingruber, 2010). This sense of belonging to a
science community comes from reflecting on past science events, engaging in current science activities, or
imagining future science scenarios (Fenichel & Schweingruber, 2010). Further, educators play an important
role in science participation and learning when they influence young children through opportunity, interests,
habits and modelled scientific thinking to develop dispositions that reflect a science identity.
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Pedagogy
Broadly speaking, pedagogy is knowing what to teach and how to teach. Therefore, an educator’s pedagogy
guides teaching practice and children’s learning. The EYLF describes pedagogy as ‘early childhood educators’
professional practice, especially those aspects that involve building and nurturing relationships, curriculum
decision making, teaching and learning’ (DEEWR, 2009, p. 9). Pedagogy looks different in different
contexts, as there is no universal approach for an educator to teach or for children to learn. Thus, pedagogy
should be considered as practice that adjusts for different cultural and contextual situations and for different
children and their families (DECD, 2013).

The EYLF places relationships at the centre of effective pedagogy. This includes children’s ‘relationships
with people, places and things’ (DEEWR, 2009, p. 20). When educators establish respectful and caring
relationships with children and their families, they work together to construct curriculum and learning
experiences relevant to children’s prior knowledge and interests, thus expanding a sense of belonging and
identity through thoughtful pedagogy (DECD, 2013). Neuroscience acknowledges that children learn best in
nurturing relationships where supportive and positive pedagogy is provided (Center on the Developing Child,
2007). Nurturing respectful relationships require educators to acknowledge children’s rights, be responsive to
their capabilities, provide challenges and learn together to better understand the world in which they live.
Forming partnerships, interactions and activities with parents and the community allows children to
acknowledge purposeful planned and unplanned events that reflect the rhythms and importance of
relationships within their learning environment. (DECD, 2013; DEEWR, 2009).

Pedagogies are the ‘practices that are intended to promote children’s learning’ (DEEWR, 2009, p. 46).
Therefore, collaborative curriculum decision-making will account for visible learning and a rich, stimulating
environment where children can be themselves and ‘seek to make meaning of the world’ (DEEWR, 2009, p.
7). Flexible and individualised planning, responsive to children’s needs, provides inclusive learning
environments for deep extended play within established and flexible indoor and outdoor routines. These
structures offer security and wellbeing for children to grow knowledge, form relationships and be actively
engaged in their own learning (DECD, 2013; DEEWR, 2009).

The EYLF has defined learning as ‘a natural process of exploration that children engage in from birth as
they expand their intellectual, physical, social, emotional and creative capacities’ (DEEWR, 2009, p. 46).
Learning and teaching science in the early years requires an understanding of a range of educational theories,
the implications of current research and being perceptive about learning that occurs in consistently changing
contexts. Acknowledging that children have diverse experiences, hold different perspectives and that they have
accumulated a bank of knowledge and skills requires educators to be mindful about children’s processes of
learning, their families and cultures. Further, educators require a working knowledge of the content and intent
of the EYLF, an ability to integrate literacy and numeracy, in a holistic manner, in to science-related learning,
and an understanding of the place of intentional and incidental teaching, learning through play, active
promotion of challenging experiences, creativity and thoughtful documentation (DECD, 2013).
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The relationship between educator beliefs and pedagogy
Pedagogy is shaped by an educator’s beliefs, values and reflections. What educators believe about children and
how they learn will dictate what and how they teach. Choices and decisions about what and how to teach are
constantly being made by educators. If they believe that children are active participants and decision-makers
in their learning, then educators will develop learning experiences and establish a learning environment to
reflect this. If educators believe that children are receptive to a wide range of experiences, then wide ranging
experiences will be provided. What educators include or exclude from the curriculum will affect how children
learn, develop and understand their world. Educators’ professional judgements are central to the role of
facilitating children’s learning. Educators bring together professional knowledge and skills based on their
understanding of children, families and communities; an awareness of how their beliefs and values impact on
children’s learning; personal styles; and past experiences. Educators also draw on their own creativity, intuition
and imagination to improve and adjust their own practice (DEEWR, 2009).

Practical task  Thinking about your own pedagogy

In thinking about your own pedagogy, consider the following:

1. What beliefs or theories shape your practice?

2. What practical aspects of pedagogy are effective in your practice, and why?

3. What have you excluded from your curriculum, and why?

4. Does what you say you believe match up with what you actually do? If not, why not?
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Exploring pedagogical practice in developing young children’s science
identity

The following two case studies, adapted from Blake (2013), highlight effective pedagogical practice in
developing young children’s science identity through playful situations. Each case study is presented as a short
vignette. This is followed by an interpretation of the case study from a science and pedagogical perspective.
Finally, the case study is analysed using the five outcomes of the EYLF in order to illustrate the children’s
developing science identity.

Case study 8.1  Warm and cold crayons

Crayon Boy (aged 3½ years) and the educator (E) were settled together at a table with a collection of
paper, a box of pencils and a box of mostly well-used wax crayons. As Crayon Boy drew a picture of
his nana’s house and dog, he commented how some pencils and crayons did not work because ‘when
they get old there’s no colour left’. He demonstrated this fact with blunt pencils and crayons that had
been worn down to their paper case. Crayon Boy went on to explain, without encouragement, that the
white crayon did not work because ‘it kept its colour only for brown paper’. He proved this knowledge
correct by producing a drawing in white crayon on brown paper. This was followed by a drawing with
white crayon on white paper, with Crayon Boy announcing ‘It’s invisible!’

As the conversation turned to his nana’s dog, Crayon Boy absentmindedly rubbed the palm of his
hand along a thick orange crayon. He was asked what the crayon felt like.

C R AY O N  B O Y : Soft. And it’s not cold now.

E : What was it like before?

C R AY O N  B O Y : It’s hard. And cold.

E : Why isn’t it cold now?

C R AY O N  B O Y : Ah, when you draw it gets warmed up. See? In the box are cold. Touch
‘em. [Points for E to test.]

Crayon Boy handed E several chosen crayons from the box to test his idea.

E : So, when you draw, a crayon warms up, is that right?

C R AY O N  B O Y : Yes, this one [a blue crayon] was writing and it’s not so cold.

E : I don’t think I can tell the difference.

C R AY O N  B O Y : No. Blue’s not good. I don’t draw dogs with blue.

E : What do you draw dogs with?

C R AY O N  B O Y : This one. It’s like Nana’s dog [an orange crayon]. I reckon this one is a
good one. See? [He began scribbling using the orange crayon he had been holding.]

C R AY O N  B O Y : Try this one. This one works better now it’s been drawing. See? It’s not
cold.

201



E : How do you know it works better than the orange crayon in the box?

C R AY O N  B O Y : Because I haven’t used that one yet.

To prove his point, Crayon Boy demonstrated two orange crayons. The first crayon was ‘cold’ and had
not been used before in this session. The second crayon that he had been using was ‘warm’ and made
bolder colours.

C R AY O N  B O Y : This one [cold crayon] is hard to draw with and this one [warm crayon]
was a better colour. Look! You can do it. [Hands the warm crayon to E.]

Reflection

Consider Case study 8.1 and the following questions:

1. What prior knowledge did Crayon Boy have, and how did he acquire this knowledge?

2. How was E able to obtain this prior knowledge? Think of both the role of the educator and
the role of the environment.

3. What pedagogical practices has E demonstrated? How did E extend Crayon Boy’s thinking?

4. What is the everyday concept upon which this case study is based?
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Interpretation of Case study 8.1

Although Crayon Boy had participated in the everyday activity of drawing with crayons, the scientific concept
of change caused by the transference of heat was unknowingly tested and articulated. This occurred through
the provision of appropriate resources in an environment that invited independent exploration of the tools.
Having an interested adult encouraged Crayon Boy to share his information and extend his thinking, and
resulted in his thoughtful participation. This case study highlights that when an adult listens intentionally to a
child’s interpretation of how things work, it gives that child’s idea currency and leads them to greater
confidence and understanding about their thought processes.

This case study also highlights why young children are seen as natural scientists. Crayon Boy observed
differences, processed his ideas, tested them and reported his findings. He correctly articulated the differences
between ‘hard’ and ‘soft’ and ‘cold’ and ‘warm’, and proved that the white wax crayon was ineffective on white
paper. Further, he substantiated his information when he proved his theory to an audience.

Crayon Boy had incidentally discovered new knowledge and embedded his findings by testing them. He,
therefore, improved his knowledge and explained his theory about why there are differences between warm
and cold crayons. In doing so, he expanded his store of personal information, making it ready for further
learning. Crayon Boy’s knowledge base, confidence, oral language, demonstration skills and fine motor ability
all increased as a result of this casual, undirected investigation.
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Relating Case study 8.1 to the EYLF

What could have been interpreted as a child simply colouring in has been transformed into a story of a highly
competent and capable 3½-year-old who has an emerging knowledge of science concepts and processes
related to his personal experience of making crayons work better. A deeper analysis of this case study
highlights many characteristics associated with the five learning outcomes provided under the EYLF. A
summary of these characteristics, presented in Table 8.1, shows that having an interested adult prepared to
take time to listen and respond to Crayon Boy’s explanations gave him a developing sense of science identity
and connectedness to his immediate world. His self-confidence and beliefs about how crayons work were
readily communicated to the educator, indicating a willing and interested learner.

Table 8.1 Summary of the main characteristics of case study 8.1 – connection with EYLF outcomes

EYLF outcome How this outcome was demonstrated

1. Children have a strong sense of identity Crayon Boy’s identity is developed through his
association with his nana and her dog. He is
knowledgeable about crayons and how to make
them work better, and is prepared to share this
information with an interested adult. He expressed a
range of thoughts and views, and was prepared to
challenge the educator to test his ideas.

2. Children are connected with and contribute to
their world

Crayon Boy readily expressed his opinion about the
crayons and how they worked, and responded
positively to the educator’s presence and comments.
His self-directed play included the educator who
allowed him to investigate and explore new ideas
when prompted to extend his understanding.

3. Children have a strong sense of wellbeing Crayon Bay demonstrated trust and confidence as he
shared his knowledge and experience with the
educator. He took risks when challenging the
educator to test his ideas, yet had self-belief and
prior experiences to draw upon to develop new
knowledge. He happily drew and shared his
drawings with the educator.

4. Children are confident and involved learners Crayon Boy was curious and enthusiastic about his
knowledge of crayons, and eagerly sought to share
this with the educator. He demonstrated problem-
solving strategies and skill when demonstrating his
view about why white crayons do not work on white
paper. He confidently used various skills and
strategies to better understand how crayons work.
From these he made predictions and generalisations.

5. Children are effective communicators Crayon Boy used verbal and non-verbal language
and drawings to communicate his knowledge. His
conversational language and explanations
communicated thought processing and scientific

204



ideas. The story his drawing told of his nana and her
dog enabled him to express his ideas further, as did
his practical demonstrations.

Case study 8.2  Sounding off

Sound Boy 1, Sound Boy 2 and Sound Girl (each aged between 3 and 4 years) were playing in the
block corner of a classroom. These children added wooden and rubber mallets to their play, using
them to strike blocks of different sizes and shapes. The class had recently been engaged in a series of
music lessons that included the use of small mallets and objects to test sound. Sound Boy 2 noticed
that by striking the hollow wooden blocks (as opposed to the solid blocks) a ‘better’ sound was
produced. The children agreed that different-shaped blocks produced different sounds. Sound Boy 1
told his friends he was making different sounds with two blocks that were the same size and shape.
Conversation was loud and comparisons about the sounds were discussed between the three children.
Occasionally all three stopped talking and listened for differences in sound and pitch. In turn, they
compared those differences as each child tried to prove or disprove opinions about the sound
produced.

At ‘pack away time’, Sound Boy 1 remained with the two blocks that appeared identical in shape
and size, yet produced a different pitch. He seemed engrossed in his work and continued to strike the
blocks, one at a time, then to listen for results. Finally, Sound Boy 1 had to put his blocks away and
join the rest of the class for a sharing circle.

The teacher asked the children what they had learnt. The following conversation, relating to the
blocks, took place.

S O U N D  B O Y  1 : When I hit two of them with the gong they made different sounds.

T E A C H E R : What did you hit with the gong?

S O U N D  B O Y  1 : The blocks.

T E A C H E R : That was one big block and one small block, was it?

S O U N D  B O Y  1 : No. They are the same. The small ones.

S O U N D  G I R L : They are both small but different.

T E A C H E R : What do you mean they are small but different? Do you mean size is
different?

S O U N D  B O Y  2 : Yes. They are small but different.

T E A C H E R : How are they different?

S O U N D  B O Y  2 : At the top.

S O U N D  G I R L : No. At the side. They are different at the side.

S O U N D  B O Y  2 : If you hold them like this, it’s the top. [Uses hands to demonstrate
without a block.]

T E A C H E R : Let’s test Sound Boy 1’s learning. Go and get the blocks and the gong.
[While both blocks and a rubber mallet were retrieved by the three focus children,
other members of the class were patiently curious and discussed the possibilities.
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They looked on, offered help and made comments that might help solve the
problem.]

T E A C H E R : Those blocks look the same to me. How are they different?

S O U N D  B O Y  2 : See? The top.

S O U N D  G I R L : No. The side. It’s different on the side. See?

T E A C H E R : Let’s all have a look. What do you think? [To children who had gathered
around for a closer look.]

C H O R U S : Same! Different! Hit it!

The children with the blocks demonstrated a slight difference in sound to their peers. They also
correctly pointed out that although the blocks appeared to be the same size, they were in fact
marginally different. This, they concluded, made the sound different.

Reflection

Consider Case study 8.2 and the following questions:

1. What prior knowledge did Sound Boy 1, Sound Boy 2 and Sound Girl have, and how did they
acquire this knowledge?

2. Describe the role of the environment in assisting the children’s learning.

3. What pedagogical practices has the teacher demonstrated? How did she demonstrate respect
for the children as resourceful and successful learners?

4. What is the everyday concept on which this case study is based?
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Figure 8.1 Testing the sounds between a timber post and a rock
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Interpretation of Case study 8.2

This case study provides an example of scientific concept learning through spontaneous play within a suitable
learning environment. Learning was ultimately supported by an interested adult. During cooperative group
investigations, the focus children transferred prior knowledge about sound and pitch to consolidate their
understanding of previous lessons while further developing observational skills associated with aural and sight
senses.

Spontaneous play, without hindrance, enabled these children to work like scientists as they used
comparison, classification and explanation to develop their skills. They tested and defined ideas related to
previous sound lessons and accidently expanded knowledge through discussion and investigation. This case
study highlights that children learn effectively when the context makes sense to them.

Transference of learning was demonstrated as these children, who had been studying sound during the
previous two weeks, continued their music lessons according to their own agenda. By chance and meticulous
testing they discovered that even the smallest change in the construction of like objects could change the pitch
of sound produced when hit with a rubber mallet. Further, the opportunity offered by their teacher to test and
report their ideas to peers provided exceptional pedagogy that included peer tutoring, oral language
development, demonstration, perseverance and concentration. Teacher involvement at the end of this lesson
legitimised children’s learning by acknowledging their competent scientific inquiry and collaborative learning.
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Relating Case study 8.2 to the EYLF

A summary of the main characteristics of this case study associated with the five outcomes from the EYLF is
presented in Table 8.2. Through close observation these children are seen by their educator as capable and
competent young scientists who have identified a problem and, as a group, tried to solve that problem.
Enabling spontaneous play in an appropriate environment with adequate resources allowed these children to
investigate their ideas and satisfy their curiosity. Further, through respectful understanding by the educator,
the children confidently communicated their findings to the rest of the class. Their emerging science identity
was supported by the provision of time to explore a problem that they had identified.

Table 8.2 Summary of the main characteristics of case study 8.2 – connection with EYLF outcomes

EYLF outcome How this outcome was demonstrated

1. Children have a strong
sense of identity

The three focus children in the case study developed respectful working
relationships with each other as they collaboratively discussed and tested
their ideas. They responded to each other’s comments with genuine
interest and confidently explored and engaged the physical environment.
Persistence was demonstrated as they tested the various blocks, expressed
their thoughts and constructed views with each other, the teacher and the
rest of the class.

2. Children are connected
with and contribute to their
world

The three focus children in the case study were cooperative in exploring
different sounds and confidently expressed their opinions with each other.
They brought prior experiences to their playful investigations and
participated as a group to solve the problem and present their problem to
the teacher and other children in their class. They explored, predicted and
tested ideas, developed strategies to solve their problem and readily
engaged with the larger group.

3. Children have a strong
sense of wellbeing

Confident in each other’s company the focus children made new
discoveries then celebrated their own efforts and achievements with each
other, the teacher and the class. They worked cooperatively and
collaboratively over a sustained period of time. They engaged fine motor
movement to develop their sense of sound while manipulating blocks and
mallets with competence and skill.

4. Children are confident and
involved learners

The three children demonstrated curiosity and enthusiasm as they
investigated musical sounds, stayed on task and shared their knowledge
with the teacher and other children. Through the medium of play they
confidently investigated the science of sound with determination and
concentration. They involved others in their learning and remained on
task until their curiosity was satisfied.

5. Children are effective
communicators

Both verbal and non-verbal communication was used as the children
effectively interacted with each other, explored sounds and shared new
knowledge. Their language communicated thought processes as they
explained scientific ideas to the teacher and other children. Sound Boy 1
used demonstration to communicate his findings to the teacher and the
class.
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Enhancing young children’s science identity through pedagogical
practices

Firm relationships and beliefs by early childhood educators echo wise pedagogy and respect for each child’s
ability, prior knowledge and experience. These two case studies indicate that children are constantly gaining
new knowledge through their experiences and relationships as they satisfy their own curiosity. Young children
are natural explorers and researchers. To benefit from their everyday scientific encounters they require
facilitation, through educator’s thoughtful pedagogy, to help them unravel the complex workings of their
world.

These case studies highlight the everyday nature of early childhood science, and young children’s
emerging science identity. Crayon Boy’s curiosity centred on the use of crayons, and why some crayons
worked better than others. Through his many daily experiences with crayons, Crayon Boy had developed and
tested his own theories. The three children in the second case study were extending their knowledge of sound
as previously learned and through self-directed play they encountered and solved a problem as a team. Their
curiosity and desire led them to share and explore different ideas about sound as they collaboratively tested
and discussed theories.

Children’s sense of identity is shaped by experiences and challenges that are motivated from within and
encouraged by others who enable them to make choices and decisions. When children can discuss processes
that have been used to solve their problems or answer their curiosity, present approaches or investigations they
have undertaken in this process and explain their views, then their identity as an emerging scientist becomes
visible.

These two case studies highlight the important role of educators in children’s learning to bring science to
the surface and assist identity development. In learning science, children require the assistance of more
knowledgeable others to advance their cognitive understanding of experiences. With assistance, children more
readily understand why things are the way they are and why things work the way they do (Fleer, 2005).
Experiences using situations and objects that are familiar to children provide rich beginnings for their
learning. It is from these everyday experiences that educators can introduce, highlight and support the
development of scientific concepts (Fleer, 2007). Educators who use these pedagogical approaches legitimise
children’s points of view and assist their developing confidence, thought processes and growing science
identity (Millikan, 2003). The role of a thoughtful educator is to observe, actively and respectfully listen,
nudge curiosity, model behaviours, invite questions, develop conversations, wonder out loud, guide learning
and challenge children’s current conceptual understanding (Blake & Howitt, 2012; Forman, 2010; Millikan,
2003).

In both case studies, the competent action and perseverance of children was observed while they
enhanced their scientific skills and developed their science identity. Those skills were amplified when the
educator prepared the learning environments and assisted the children’s investigations. The challenge for
educators is to become aware of the everyday nature of science, and acknowledge children as capable and
competent learners.
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Conclusion
Rethinking pedagogy and beliefs about how young children acquire science skills and knowledge can assist
educators to enhance children’s science identity. Educators guide the progress of scientific concepts during the
process of learning and teaching when they acknowledge and include children’s prior knowledge and interests
in curriculum development, while ensuring respectful relationships exist within the school community and
learning environment. The two case studies presented in this chapter highlight children as highly capable and
competent learners who, with the assistance of respectful educators, can describe and analyse their world
through playful science experiences.
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Relationships – the connection of children with people (educators and families), places and objects.

Learning – the process that children engage with in order to expand their intellectual, physical, social,
emotional and creative capacities.
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Chapter 9

STEM education in early childhood
◈

Christine Preston

Science, Technology, Engineering and Mathematics (STEM) education is concerned with human endeavours
that shape the world around us. The characteristic disciplines and thinking processes associated with STEM,
especially when considered together, help children appreciate the ways in which curiosity, inventiveness and
adaptability can be applied in everyday life. This chapter draws on current research into education and the
applicability of STEM for early childhood education. Digital learning technologies in the context of STEM
education are also discussed.

Objectives

At the end of this chapter you will be able to:

explain what STEM education is and recognise the value of incorporating it into early years
education

identify ways in which STEM elements are incorporated in young children’s play

appreciate how STEM-related play can enhance young children’s understanding of the world

identify a range of situations that have potential for STEM learning experiences for young children

describe how digital technologies can be used to enhance and document young children’s STEM
learning experiences.
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Definition and importance of STEM education
There are various terms being used in relation to STEM, such as STEM education and STEM curriculum.
These different terms can make it confusing to grasp the full meaning of STEM. Literally, STEM is an
acronym for science, technology, mathematics and engineering. Practically, the term has been variously
interpreted with the science and mathematics components often taking precedence. However, STEM
education should actively include technology and engineering. What the ‘T’ for technology pertains to is also
contentious. Technology is more than information and communication technology (ICT) or screen
technology, a narrow but common focus. While computers, phones and iPads are useful technological tools,
there are a myriad of non-digital technologies that are also useful; for example, wheels, gates, backpacks,
pencils, lunch boxes and sticky tape (Lindeman & McKendry Anderson, 2015). The ‘technology’ component
in STEM also relates to the design process and aligns closely with the recognised engineering process. While
engineering, with its roots in problem solving and innovation, is not a formalised part of school curriculum in
Australia, including engineering in school and pre-school education is advocated because it incorporates
problem solving and is linked to innovation (Bybee, 2010). Engaging children in integrated rather than
subject-specific units is said to develop general ‘capabilities that include critical thinking, creativity,
communication and self-direction’ (Rosicka, 2016, p. 8). These capabilities are also encapsulated in the EYLF
outcomes (DEEWR, 2009). For example:

Outcome 1 – children have a strong sense of identity

Outcome 4 – children are confident and involved learners

Outcome 5 – children are effective communicators

The purpose of STEM education in early childhood is to help children to explore and make sense of their
world using child-relevant and appropriate contexts. The most appropriate definition of STEM for early
childhood education is one that enables learning to remain reflective of children’s interests. A more commonly
adopted definition of STEM education for early childhood is: ‘Teaching and learning between/among any
two or more of the STEM subject areas and/or between a STEM subject and a non-STEM subject such as

children develop their emerging autonomy, interdependence, resilience and sense of agency

– be open to new challenges and discoveries

– persist when faced with challenges and when first attempts are not successful.

children develop dispositions for learning such as curiosity, cooperation, confidence, creativity,
commitment, enthusiasm, persistence, imagination and reflexivity

– participate in a variety of rich and meaningful inquiry-based experiences

– persevere and experience the satisfaction of achievement.

children interact verbally and non-verbally with others for a range of purposes

– interact with others to explore ideas and concepts, clarify and challenge thinking, negotiate and
share new understandings.
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the Arts’ (Rosicka, 2016, p. 5). Thus, educators are encouraged to see connections between the different
disciplines, but do not have to connect all four disciplines.
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Why teach STEM in early childhood

Science, mathematics and technology have been taught to young children as individual disciplines. Given the
holistic nature of early childhood education, these disciplines are best taught in an integrated fashion.
Engineering and design technology encompass the practical application of science, digital technology and
mathematics and provide an authentic context for learning. This means that STEM education fits with the
generalist model of early childhood education. In other words, it is appropriate for young children to learn
about their world in an integrated rather than discipline-specific way. It is important to note that STEM
education is a teaching and learning approach and is not part of the formal curriculum in Australia. STEM
education is a way of contextualising learning that ‘removes the traditional barriers separating the four
disciplines and integrates them into real-world, rigorous, relevant learning experiences’ (Vasquez, 2015, p. 11).
Commencing STEM education in early childhood is argued to be important because early learning of
concepts and skills are precursors for school achievement. Introducing STEM education at an early age also
aims to counter gender-based stereotypes that affect career choices (Kazakoff, Sullivan & Bers, 2013). A
universal argument for including STEM education across all ages is to facilitate the development of 21st
century skills, sometimes called the 4Cs: creativity, critical thinking, collaboration and communication (P21,
2015). Table 9.1 provides definitions of these four skills.

Table 9.1 Definitions of the 4C skills

4C skill Definition

Creativity ‘the interaction among aptitude, process, and environment by which an
individual or group produces a perceptible product that is both novel and useful
as defined within a social context’ (Plucker, Beghetto & Dow, cited in P21, n.d.,
a, p. 1).

Critical thinking ‘the strategies we use to think in organized ways to analyze and solve problems’
(P21, n.d., b, p. 1).

Collaboration ‘as a process leading to other desired individual and group outcomes, such as
successful problem solving and enhanced intellectual development’ (P21, n.d., c,
p. 1)

Communication ‘effectively using oral, written, and nonverbal communication skills for multiple
purposes (e.g., to inform, instruct, motivate, persuade, and share ideas); effective
listening; using technology to communicate; and being able to evaluate the
effectiveness of communication efforts – all within diverse contexts’ (P21, n.d.,
d, p. 1).

These skills are important for encouraging active thinking and providing opportunities for children to
develop into confident, capable learners in modern society.

Fostering creativity

Learning experiences where children design and build have great potential for supporting creativity. Science
inquiry, design technology and engineering tasks enable children to both express their creativity and engage in
creative processes (Hathcock et al., 2015). These authors use the term ‘mini-c creativity’ to mean ‘constructing
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personal knowledge and understanding in a particular context’ (p. 730). This refers to the ideas children use to
make learning meaningful to themselves or intrapersonal creativity. Children’s involvement in activites where
they experience mini-c creativity can lead to higher levels of creative expression. ‘Little-c creativity’ involves
the generation of possibile ideas (novel to the person or context) to solve real world problems or everyday
creativity. ‘Big-C creativity’ involves ideas that make large-scale contributions to intellectual domain or
creative genius. The teacher’s role can be conceptualised as helping children to develop ‘mini-c creative’
experiences or ideas into ‘little-c creative’ expressions/products (Beghetto, 2007). Vital teaching strategies
comprise listening to children’s ideas, making clear task constraints, and providing many opportunities for
ideas to be converted into products (Hathcock et al., 2015). The use of inquiry questions is emphasised as
pivotal in scaffolding children’s problem solving. This links with the role of Vygotsky’s ‘zone of proximal
development’ in enabling children to accomplish tasks that they could not complete on their own. Inquiry
questions relate to creativity by encouraging children to think, analyse, develop and express their own ideas.

220



Elements of STEM in children’s play
Following children’s interests in early childhood means that STEM learning experiences could take a variety
of forms. As noted earlier, STEM learning does not have to include all four disciplines. This avoids forcing
the inclusion of one or more disciplines if they do not fit the learning situation. Similarly, STEM eductaion
does not have to focus on problem solving or be project-based (Vasquez, 2015). The most important
consideration is that the learning experiences are age-appropriate and relevant for children. The key principles
of early childhood education (e.g. play-based, child-centred, open-ended exploration) remain paramount in
STEM education. STEM education in early childhood becomes another approach for supporting young
children’s developmental learning. The STEM examples provided in this chapter involve situations and
objects that children naturally engage with, highlighting that STEM is already a part of children’s world.
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Engineering in children’s play

American researchers developed a framework that juxtaposes the characteristics of young children’s learning
with engineering education outcomes. Table 9.2 shows Bagiati and Evangelou’s (2016) framework. There are
several common elements between early education and engineering. For example, children are encouraged to
learn cooperatively which is reflected in the dynamic, flexible work of resilient engineers. Children’s innate
desire to actively construct translates into the practical ingenuity of engineers. Based on the argument
proposed by these authors, STEM-based engineering activities have the potential to support children’s
learning behaviours.

Table 9.2 The relationship between how children learn and engineering education outcomes

Source: Bagiati and Evangelou, 2016, p. 70.

These researchers observed the spontaneous play of a group (n = 18) of 3–5-year-old children with blocks
and Lego over four months, in order to identify examples of engineering thinking and design behaviours of
pre-schoolers. Questions concerning ‘how children construct with blocks, why they wish to construct, what
they actually construct and ultimately how they use constructions’ were of interest (Bagiati & Evangelou, 2016,
p. 72). They concluded that the children’s observed behaviours of needs identification, goal setting, thinking
through problems, solution testing, repeating patterns, collaboration, ideas sharing, and design synthesis were
comparable to the work of professional engineers. Although children’s play could be mapped against the basic
design process it was found to be spontaneous, materials-driven and adjusted to suit task needs (Bagiati &
Evangelou, 2016).

Technological literacy

Many young children are already technologically literate. Close observation of children in all types of learning
contexts – independent play, adult-supported and adult-planned and led play – can identify evidence of
technological know-how. A study of early childhood settings in New Zealand revealed ‘well-developed
technological knowledge and competence in instigating and carrying out technological tasks’ (Mawson, 2013,
p. 443). Children aged 3–4 years were observed and their play was classified as ‘technological play’ if there was
evidence of ‘clear intentions, plans and resource acquisition, an obvious process towards an appropriate
solution and a way of evaluating success’ (p. 445). Case studies included:

boys creating a builder’s yard to do builders’ work

girls making cars (equipped with seatbelts) to ‘drive’ to the shops and library

children creating SCUBA gear (improved after a parent diver visit) and a dive boat
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Mawson concluded that the children’s play emulated technological practice. The children were observed
‘establishing a purpose, planning and collecting appropriate resources and competently using tools and
materals to achieve their desired outcome’ (Mawson, 2013, p. 449). Notably, the settings had appropriate
tools and materials available to children, which is more typical of early learning centres than school
classrooms. Children also had time and freedom to revisit, modify and refine their products. The availability
of resources and time have implications for the continuation of STEM learning experiences in the early school
years. Some children may also require explicit instruction to develop specific skills, e.g. how to correctly hold
and cut with scissors, to allow children’s creativity to be fully expressed.

Case study 9.1  Vacuum cleaning with Mum

Chloe (aged 2 years and 7 months) had a Hape® Butterly Push Pal to use as a child-sized vacuum
cleaner. Whenever her Mum vacuum cleaned the carpet, young Chloe would fetch the toy and work
alongside her. Chloe pushed and pulled the toy back and forth in time with her Mum as she cleaned
the carpet. This mother–daughter interaction is pictured in Figure 9.1. The smiles on their faces
indicate this is an enjoyable time. This makes the task of cleaning enjoyable for Mum and provides a
positive learning environment for the child.

an extended exploration of cows, farms and farming.
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Figure 9.1  Children learn about STEM in the home by modelling family members – as indicated by
a child vacuuming with her Mum

Reflection

Consider Case study 9.1 and the following questions:

1. What actions of the child indicate her interest in STEM learning around the home?

2. How could the conversation between Chloe and her mother enhance Chloe’s understanding
about the vacuum cleaner as a technological tool and how it helps people?

3. Where else might Chloe encounter vacuum cleaners being used?

4. How could you build on Chloe’s home learning experiences in an early learning centre?
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Practical task  Intentional teaching with technological devices

Design a short intentional teaching activity around exploring a common technological device in the
home, such as a vacuum cleaner. Consider the following in your planning:

1. Science – how a vacuum cleaner works and the health benefits from its use.

2. Technology – learning about the parts of the vacuum cleaner and thinking about how
rugs/carpets were cleaned before vacuum cleaners were invented.

3. Engineering – design elements that make vacuum cleaners easy or comfortable for people to
use and how technological products are tested.

4. Mathematics – relate to the actions of using a vacuum cleaner, size and shape of its
components and how many times it can be used before emptying the dirt.
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Using STEM education to enhance children’s understanding of the
world

Children growing up today encounter many technological products as part of their daily lives. A house
without a television, for example, would be strange for most children. There are many examples of
technological products that children use regularly without thinking about how they were made or how they
work. Engaging children in exploration of common products, such as a pencil, torch, toy with moving parts
that does not require batteries, scissors, tongs, stapler or a rubber band can help them learn about everyday
items.
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Involving children in design

Design is an important element of technology and engineering in STEM education. Design and technology
‘involves problem finding and solving activities that are child-centred and focused’ (Rogers & Wallace, 2000,
p. 127). Design is a formal process that is characterised by explicit stages and pre-determined success criteria.
The design process is often represented as a step-wise cycle to emphasise that it is iterative (it can be
repeated). Regardless of the specific steps in the process, design incorporates problem-finding and solution-
generating actions. Rogers and Wallace (2000) explain ‘the act of design integrates different aspects of
learning – the analytical and synthetic; the planning and tinkering; the detailed and the holistic; and the
cognitive with the affective’ (p. 128). The process should support children to be innovative, creative,
resourceful and confident in their unique solutions. This is achieved by adopting an attitude of acceptance.
There is no fixed way to approach tasks, and ‘mistakes’ are part of the process. Problems should be open-
ended with a range of possible solutions.

Young children’s learning is very flexible. Expecting children to strictly follow even a simplified design
process (draw a plan, make a model, work model creation), is unrealistic and inappropriate. A young child
may swiftly develop a design plan in their head and be ready to construct. Enforcing a drawing phase could
stifle their creative urge. Young children’s drawn designs can be constrained by uncertainty about the purpose
of the plan (why draw it), what it should look like (side view, top view) and their lack of drawing skills
(inability to show what they imagine) (Rogers & Wallace, 2000, p. 134). Fleer (2016) highlights the role of
teacher modelling of drawing and planning to develop these design skills. The act of drawing may help some
children develop ideas when they are trying to decide what to construct. It is not essential for young children
to complete every stage in the design process, or even to stick to the proposed order (Meeteren & Zan, 2010).

Case Study 9.2  Exploring torches

A group of 5-year-old children were looking at a collection of torches. The teacher had six different
types of torches for the children to explore. In a small circle, the children passed all the torches
around. They talked about what they liked about each torch, which was their favourite torch, and who
had their own torch. The teacher guided the children to notice similarities and differences between
the torches. She allowed the children to tell stories about when they had used a torch at home. The
children turned the torches on and made light patterns on the ceiling. The teacher showed the
children her torch, which was different from the others. She asked if the children could help her work
out how to turn it on. This led to a search for the ‘button’ to press, which her torch did not have.
Instead, it had a rectangular piece that slid forward. The children said this must be an old torch that
was made before the ‘button’ part was invented. When the teacher tried to turn her torch on using the
‘slide’, it did not work. She wondered what was wrong. Some children told her to ‘push it in’, others
said it must be broken. One child said she might have forgotten to put batteries in it.

Reflection

Consider Case study 9.2 and the following questions:

1. What makes this intentional teaching episode a STEM learning experience?
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2. What could the educator do next to extend children’s learning about torches?

3. Why are torches a good example of a technological product for children to explore?

Case study 9.3  Making a model torch

The teacher asked her class of 5-year-old children if they thought it possible to make their own torch.
What would they need to do this? Conversation pared down children’s suggestions to the essential
parts: a light bulb, batteries and something to join them together. Some children were surprised that a
switch (button to turn it on) was not needed. Others were sceptical that a tube or case was also not
required. The teacher explained that they were going to make a scientific model to help them
understand how a torch works. The teacher had some special wires (Mag Leads, see Preston, 2017)
that could join to metal. She showed how one end ‘stuck’ to the class whiteboard. The teacher
modelled where to attach the wire to the light bulb (on the screws). She highlighted a problem that
the wire could stick anywhere on the battery and explained that it had to touch the ends of the battery.
Pairs of children played with the materials to explore how to make the light work. Once one group
made their light shine, much excitement ensued. Sharing of ideas, helping others and copying the
arrangment of the parts assisted with the children’s discoveries. Soon all the lights were working, with
smiles all round, because the class had worked out for themselves how to make the light work. They
also soon discovered that adding an extra battery made the light brighter. Some children also found
that they could make the light flash by repeatedly clicking the batteries together and apart.

Reflection

Consider Case study 9.3 and the following questions:

1. What teaching strategies were used to scaffold the children’s torch making?

2. Why didn’t the teacher use step-by-step instructions to make the light work?

3. How was this task developmentally appropriate for the 5-year-old children, given that
electricity is part of the Year 6 science curriculum?

Case Study 9.4  Designing a multi-purpose torch

The teacher then challenged the class to make a multi-purpose torch. She outlined three design
criteria needed: 1) it looks like a torch, 2) it can be easily carried around, and 3) it works as a reading
light. The teacher showed the children the materials they could use (cardboard tubes, paper cups,
masking tape, plastic containers, paddle pop sticks, bulb, battery, wires) and helped them think about
the problem and possible solutions. The children worked in pairs to construct their torches. The
teacher assisted with joining and assembly and made suggestions for problems that were difficult to
solve. The children tested to see if their designs were successful. A class display was made of the
completed designs. The teacher audio-recorded the children as they described special design elements
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of their torches and explained their purposes. The class talked about problems they encountered and
how they were solved.

Reflection

Consider Case study 9.4 and the following questions:

1. What STEM elements were involved in the multi-purpose torch design task?

2. How was digital technology used? What other ways could it have been used?
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Recognising opportunities for STEM learning experiences
STEM learning experiences can arise in early childhood settings and classrooms in a number of different
forms. They can be instigated by children or introduced by teachers based on children’s interests or to align
with formal curriculum. The key to appropriate and authentic STEM learning is to ensure that tasks are
related to children’s life experiences. While it can be easy to find a link to one or more of the STEM
disciplines in almost any activity, adult input will usually strengthen the STEM learning capacity.
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Play, creativity and invention

The relationship between play and invention that inspired a museum exhibit at the Smithsonian Institute in
the United States (Smith, 2016) has implications for STEM learning experiences. The background research
revealed similarities between children’s play and the way inventors work. Literature from both invention and
child development emphasises creativity. Creativity skills are developed through play, while inventiveness
develops from the creative process. Certain types of children’s play facilitate the development of creativity and
resemble the playful approaches adopted by inventors (as shown in Table 9.3).

Table 9.3 Relationships between children’s play and inveNtors’ playful approaches

Children’s play Inventors’ playful approaches

Exploratory play Tinkering and experimenting with materials.

Play with puzzles, patterns and games Problem-solving, including finding patterns and
breaking patterns.

Symbolic or pretend play, including visual imagery Simulation, modelling, and drawing analogies,
spatial and visual thinking.

Social play Brainstorming, role-playing and teamwork;
subverting rules and diverging from norms.

Source: Smith, 2016, p. 249.

Inventors interviewed as part of the research agreed that play was integral to the inventive process
because ‘through play people develop creative habits of mind and hands-on skills’ (Smith, 2016, p. 250).
Inventors also spoke of the significance of informal education and interdisciplinary learning for enriching
creative thinking. This suggests the value of STEM learning experiences for heightening children’s creative
abilities. The curiosity, imagination, zest for discovery and sense of wonder that children display as they try to
determine how something works, or are busy constructing, is akin to the work of scientists, engineers,
technologists, mathematicians and inventors.
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Resourcing play

The type of play that young children engage in can be influenced by the materials provided in early learning
settings. Meeteren and Zan (2010) argue that STEM and the design process already exist in high quality,
constructivist early childhood programs. Identifying children’s interests, posing developmentally appropriate
problems and setting up learning centres with adaptable materials provides for the pursuit of learning aims
with multiple solutions. Adding lengths of cove moulding and a variety of small objects to the block centre
can stimulate children to build ramp structures. Inquiry can be prompted through broad questions, e.g. ‘I
wonder how we can get these objects to move?’ Problems can become personalised by children’s choice of
materials (such as plastic eggs, small cars, blocks or marbles). Children’s productive engagement in testing
their design ideas and theories about force and motion can drive their learning. All aspects of STEM are
encompassed by such learning situations. In particular, children’s practical understanding of the science of
force and motion can be developed as a precursor for later conceptual development (Meeteren & Zan, 2010).
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STEM or STEAM

Some authors advocate combining arts-based strategies (e.g. dramatic play, drawing, painting and dancing)
with STEM experiences and calling it STEAM. These authors suggest this affords greater communication
potential arguing ‘it is the arts that allow us to communicate the ideas we imagine’ (Lindeman, Jabot &
Berkley, 2014, p. 106). Effective early childhood teachers will make use of any, and all, strategies and
experiences that support young children’s learning and development. In that regard the STEM versus
STEAM debate is rather moot. However, the definition adopted in this chapter does allow scope for such a
merger. It does not matter if the term STEM or STEAM is used, so long as the science (and technology,
engineering and mathematics) remains prominent. STEM education ‘should be driven by engaging
engineering problems, projects and challenges which are embedded in supporting science, mathematics, and
technology skills, processes, and concepts’ (Jolly, 2017, p. 31).

Case Study 9.5  Chloe’s chair

Chloe’s friend visited her with a bag full of plastic Lego-like blocks the size of house bricks. Chloe was
instantly captivated and hurriedly helped empty the bag of blocks onto the lounge room floor. ‘What
shall we do with these blocks?’, the adult friend asked. Chloe just smiled and started randomly
arranging them. They played together for a while with the adult helping Chloe pull the blocks apart.
Chloe quickly learnt how to make the blocks join together. The adult asked Chloe if she would like to
use the blocks to make a chair. Chloe agreed. She made decisions about where to put the blocks with
some guidance through conversation from the adult. For example, ‘We need a higher part at the back,
how can we make that?’ ‘If you place this lock across these two like that, it holds them together, it will
make the chair stronger.’ After the base was constructed together, Chloe continued to build the chair
independently (Figure 9.2a)

Figure 9.2  Chloe making her chair: a) Chloe placing blocks to construct a chair, b) Chloe is satisfied
with her chair construction, c) Chloe’s chair becomes a bed

Reflection
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Consider Case study 9.5 and the following questions:

1. Describe the role of the adult in this interaction.

2. As Chloe had not seen blocks like this before, could she have made a chair by herself?

3. When and why was it appropriate for the adult to withdraw her input to allow Chloe to
continue free play with the blocks?

In analysing the learning experience in Case study 9.5, various elements of STEM are apparent. The design
process was loosely followed as the construction commenced with a goal, to make a chair. The product that
was being constructed served a clear purpose, something to sit on. Chloe had a general idea about what the
product should look like from her everyday experience with chairs. Mathematics learning was involved
(although Chloe was not conscious of this) in the size, shape, number and symmetrical arrangement of the
blocks and measurement. Area was also a factor relating to the size of the seat. This determined the final
shape and usability of the chair. The iterative nature of the design process also became evident when the base
of the chair had to be modified because Chloe could stand but not sit on the chair. The base was initally not
big enough to fit Chloe’s body. This design flaw was rectified by re-engineering the base. Science was
encompassed in the properties of the material (durable plastic) that the blocks were made from as well as
balance to ensure stability of the chair. Again, Chloe was not aware of these factors. Final product testing
occurred as Chloe played with the chair that she was proud to have made. After a while, the novelty of the
chair wore off and the blocks were remodelled into a bed (Figure 9.2c).

The sense of accomplishment, ‘I made this!’, is reflected in Chloe’s body language (Figure 9.2b). This is
an overt sign of the affective aspects of successful learning. It is this element of the STEM approach that
contributes to the development of a child who feels capable in their ability to tinker and create. Through
interacting with the blocks, Chloe has demonstrated that she can create, problem solve, make choices,
evaluate, modify, use symmetry, and replicate a pattern. In this way, involvement in STEM-based play
empowers children because this kind of activity provides opportunity and encourages such learning
behaviours.

Practical task  Observing STEM

1. Observe a group of children during their play time and note instances that could be categorised
as science, technology, engineering and mathematics or a combination of these.

2. Analyse the knowledge that the children have brought to the play situation. What comprises
their knowledge? What was the likely source of this knowledge?

3. List ways you could use the children’s knowledge to extend these examples into STEM
learning experiences.
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The role of digital technologies in STEM learning experiences
There has been much rhetoric about the need for children to be exposed to computer programming or coding
at a young age. Computer programming, the basis of all digital technologies, offers young children another
avenue for creativity, plan execution, language development and problem-solving. Research into ‘children’s
programming of animations, graphical models, games, and robots with age-appropriate materials allows them
to learn and apply core computational thinking concepts’ (Kazakoff, Sullivan & Bers, 2013, p. 246). In the
Australian Curriculum: Technologies (ACARA, 2015), computational thinking is distinguished from design
thinking, both of which are applied in digital technologies. While computational thinking draws on
computing concepts, it is also ‘a type of analytical thinking that can also be found in scientific thinking,
mathematics thinking and engineering thinking’ (Fleer, 2016, p. 135).

With the explosion of apps (short for ‘applications’) and recent emphasis on coding, there is a wide range
of digital-based educational software designed for pre-schoolers. This presents a challenge for early childhood
educators to detemine what constitutes appropriate and effective use of digital technologies. A critical
consideration is whether engagement with a digital interface enhances children’s learning over traditional
instruction methods. Exemplary use of these technologies is when they enable children to experience learning
in ways not previously possible.
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Use of digital technologies by educators

An advantage of digital technologies for early childhood educators is the functionality in capturing significant
moments when children are immersed in learning experiences. Spontaneous actions, candid expression of
ideas, clever thinking, interesting observations and articulate explanations can be instantly captured by ‘at-
hand’ electronic devices. These recordings can be replayed at the educators’ convenience to use in assessment
and monitoring of learning. They can also be replayed for the child or group to build on or discuss and reflect
on the learning experience.

Tyler (2017) describes the potential use of iPads and specific apps for collecting assessment data in early
primary classes to:

In the busy reality of early learning centres or early school classrooms, digital devices are being used in
increasingly creative ways to support teaching and learning. The hands-on nature of STEM learning
experiences means the digital devices are particularly useful for ‘catching them doing’. Children can also learn
with digital technologies and educators are continually finding new ways to do this.

Apps that have been developed for adults, rather than specifically for children, can also be used as
stimulus for playful activities. A few examples that could be incorporated into STEM activities include:

When considering which of the many available apps to use with pre-schoolers, educators should also be
mindful of the diversity of learning needs of young children. Four useful principles to consider when providing
experiences for all children are:

1. The child should be the source of the action.

2. The children should be able to see cause and effect relationships by changing the beginning action and
seeing how it reflects on the outcome.

3. The outcome of changing the variable must be observable to the child.

4. The action and reaction must happen immediately for the child to see and make connections between
the cause and effect (De Vries & Kohlberg, cited in Aronin & Floyd, 2013, p. 35).

Case Study 9.6  We saw a chick hatch

increase children’s engagement by recording in real time during investigations

capture data from all children rather than one focus group

provide more options to accurately document children’s learning without the bias of literacy skills.

Bubble level – like a builder’s spirit level that indicates whether a surface is horizontal (this can be
introduced to help children evaluate structures they have built to improve their design)

Dragon Dictation – spoken words are converted into digital text, a young child could describe a
structure that they have designed and their spoken text could be placed alongside a photograph of the
completed product

Photobook – an educator can take photos of children as they design, create, produce and evaluate (the
children could then select the photographs that they think best to show their creative process; they
decide on the size of the book, the number of photos that will fit on each page, the layout and suitable
captions, and the final product could be printed out or displayed on a digital bulletin board).
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Early arrivers in Nicole’s class of 5-year-olds ran straight to the incubator in the room to see if any
more chicks had hatched overnight. The two children were avidly observing the new hatchlings when,
by chance, a crack appeared in another egg. As none of the chicks had actually hatched during the
school day, the children were very excited. They called the teacher over and she quickly grabbed her
iPad and helped the children film the action. When all the children arrived, the teacher showed the
recording to the class. The two children who took the video embellished the footage by relating their
surprise and excitement in watching it happen.

Reflection

Consider Case study 9.6 and the following questions:

1. How did the use of the iPad enhance the learning experience for the children?

2. What was advantageous about the use of this technology in this instance?

3. What other (non-digital) technology supported the richness of learning about living things for
the children in the class?
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Use of digital technologies by children

While digital technologies have advantages for early childhood educators, their potential is still being realised
for direct use by children. Research is still emerging on the affordances of these technologies. Using
interactive technologies just because they are available should be avoided. Digital technologies should be
viewed as another tool for assisting children’s learning. Like any other learning and teaching tool, their use
must be evaluated and justified. For example, ‘children playing with iPads to match one-to-one
correspondence when this can be done with real items’ (Lindeman, Jabot & Berkley, 2004, p. 99) is not an
appropriate use of the technology. Teachers with a good working knowledge of digital technologies can guide
children in using programs that facilitate creative expression and engage them in open-ended learning
experiences.

A recent study of electronic books investigated the effectiveness of prompts built into touch screens on 4-
year-old children’s learning of biology concepts. The results showed that the use of the electronic book was
just as effective in supporting understanding of camouflage as was the use of adult prompts (Strouse & Ganea,
2016, p. 1190). This result favoured children with a strong vocabulary. Children with lower vocabulary were
better supported by adult-led prompting. The authors also noted that ‘although electronic books are
motivating because of their form, they may not motivate children to reflect and evaluate their conceptual
theories in the same way as human interactions’ (Strouse & Ganea, 2016, p. 1202). This reinforces the early
childhood educators’ role in deciding which tools to use according to desired learning goals and individual
children’s needs.

Robots and robotics

Robots are a technological invention that young children find fascinating. The fact that people can design and
make machines that can perform human-like actions and tasks is intriguing. Incorporating robot technology
into toys, making them programmable, brings robotics into the realm of children. The theme of ‘Robots’ is an
appropriate STEM context for young children because it easily incorporates all four disciplines. Robots can
also be explored in many different ways: read-aloud books, act out how a robot arm works, watch videos of
robots in a chocolate factory, identify robots at home, and imagine futuristic robots (see Robots Everywhere in
your future reading [Morgan & Ansberry, 2017]).

Codeable toys and computer programmable robotics designed for young children provide additional tools
for early childhood educators to support children’s development in different ways. For example, researchers
hypothesised that sequencing of commands for robot programming uses similar processes to logical
storytelling. Use of Lego WeDo robots with 4–5-year-old children resulted in a significant increase in
sequencing ability (story card sorting) after a one-week intensive program. It was concluded that ‘Robotics
offers children and teachers a new and exciting way to tangibly interact with traditional early childhood
curricular themes’ (Kazakoff, Sullivan & Bers, 2013, p. 252).

Case Study 9.7  They can record it with the iPad

Some 6-year-old children decided they wanted to find out more about how balls bounce. One
educator suggested a question they could investigate: ‘What happens to the bounce height when a ball
is dropped from different heights?’ This teacher demonstrated how the children could use long blocks

238



to standardise the drop height. She wondered out loud the best way to record the bounce height of the
ball. The class educator suggested the children could record it using the iPads. Within minutes the
children were using the camera function on the iPad to video the investigation. The children
competently and confidently used the iPads. One group showed the educator how to use the iPad so
they all could be recorded. This solved the problem of how to effectively measure the ball bounce
height. A new set of skills were also developed as the technology was being applied in a different way.
After the investigation, the class educator used the video to discuss and interpret the results on the
investigation. Collectively, the children formed a generalisation to answer the original question.

Reflection

Consider Case study 9.7 and the following questions:

1. How did the use of the iPad enhance the learning experience for the children?

2. What was advantageous about the use of this technology in this instance?
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Conclusion
This chapter highlighted how early childhood educators can foster the development of 21st century skills
through STEM education, an integrated approach to teaching and learning about science, technology,
engineering and mathematics. The characteristics and opportunities for STEM learning experiences in early
childhood settings were described and emphasised with examples of familiar practice. The discerning use of
digital technologies in the context of STEM was also discussed.
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Technology – a development of products, services, systems and environments, using various types of
knowledge, to meet human needs and wants.

Technologies – materials, data, systems, components, tools and equipment used to create solutions for
identified needs and opportunities, and the knowledge, understanding and skills used by people involved in
the selection and use of these.

Digital technology – any technology controlled using digital instructions; computers, smartphones, digital
cameras, printers and robots are all examples of digital technologies.

Engineering – a practical application of scientific and mathematical understanding and principles as a part
of the process of developing and maintaining solutions for an identified need or opportunity.

Design process – a process that typically involves investigating and defining, generating and designing,
producing and implementing, evaluating, and collaborating and managing to create a designed solution that
considers social, cultural and environmental factors.

Model – a representation that describes, simplifies, clarifies or provides an explanation of the workings,
structure or relationships within an object, system or idea.
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Digital technologies – systems that handle digital data, including hardware and software, for specific
purposes.

Computational thinking – a problem-solving method that involves various techniques and strategies that
can be implemented by digital systems.

App – a software application with a very specific purpose designed to run on mobile devices (such as
smartphones or tablets), through a web browser or on a personal computer.
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Part 3
◈

How can I use the learning environment to enhance
children’s science understandings?
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Chapter 10

The science learning environment
◈

Coral Campbell, Wendy Jobling and Christine Howitt

This chapter focuses on the ways in which educators can use indoor learning environments to support science
learning in play-based contexts. Space, layout and materials are discussed in relation to the inside learning
environment, with the use of materials highlighted through the potential they offer to enhance the
curriculum. The place of cooking, the science discovery table, tinkering (also refer to Chapter 9, ‘STEM
education in early childhood’) and construction are emphasised. Examples of science opportunities available in
the indoor learning environment in relation to exploring materials and play equipment are presented.

Objectives

At the end of this chapter you will be able to:

describe the importance of the learning environment for children’s science learning

describe how space and materials can support children’s science learning in the indoor learning
environment

provide examples of science that can be explored by children through inside and built learning
environments

describe how digital technologies can be used to enhance and support young children’s science
explorations.
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Learning environments
Definitions of learning environments range from ‘places for childhood’ (Curtis & Carter, 2003) to ‘the third
educator’ (Fraser, 2006) to ‘wherever we are’ (Williams-Siegfredsen, 2012). The definition from the Early
Years Learning Framework states:

Learning environments are welcoming spaces when they reflect and enrich the lives and identities of
children and families participating in the setting and respond to their interests and needs. Environments
that support learning are vibrant and flexible spaces that are responsive to the interests and abilities of
each child. They cater for different learning capacities and learning styles and invite children and families
to contribute ideas, interests and questions. (DEEWR, 2009, p. 15)

Learning environments are more than the physical space, as they include how time is structured and the roles
that adults and children play (Greenman, 2007). Learning environments influence how children feel, think
and behave, thus affecting their cognitive, linguistic, social, emotional and physical development. Every
environment implies a set of values or beliefs about the people who use that space and the activities that take
place within it (Curtis & Carter, 2003).

The learning environment includes both indoor and outdoor aspects. The arrangement of the learning
environment is important in providing maximal learning opportunities. This arrangement should consider
both space and materials: space to invite open-ended interactions, spontaneity and discovery; and materials to
provoke interest, wonder and more complex thinking (Curtis & Carter, 2003). Through the development of
appropriate learning environments, educators can assist children to investigate new objects, re-investigate
familiar objects from a new perspective and construct new ideas about the world. Children are highly
adaptable when it comes to using space creatively to test their own ideas. Educators can assist children
through the making of creative spaces and the supply of appropriate materials and resources.
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Supporting science learning through the physical environment
Along with the educator and program quality, the physical environment is a critical partner in children’s
learning. In discussing the indoor environment it is important to consider space, room layout and materials.
Chaille and Britain (2003) comment that the physical space can contribute to children’s learning of science
from a social constructivist stance.
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Characteristics of space

There are five characteristics of space that educators should consider when developing activities inside: flow,
size and space, aesthetics, spatial variability and flexibility (Greenman, 2007). Flow refers to entries and exits
and how children move from one point to another. It includes corridors between spaces and the routes that
children take (planned or unplanned). Size and space refer to the scale of objects and people in the children’s
environment. Child-sized equipment and toys allow children to behave competently and to feel empowered.
Aesthetics refers to the use of lighting, colours, art and display, texture, nature, sound and smell in the
environment. Spatial variety provides children with places to be. These can be places to play in a group or
places to be alone. Flexibility allows an environment to be transformed for a variety of uses. This can be done
through play spaces at different levels, heights and angles. Large spaces can be turned into small spaces by
screens, dividers, materials, boxes and pillows. There are a number of recognised principles (Chaille & Britain,
2003, p. 35) which can be applied when dealing with the physical space of a centre. The physical space should:

Adapted from Chaille and Britain, 2003.

allow for good traffic flow and easy movement (children’s free movement encourages them to be
independent and to facilitate play across areas and materials)

allow for as much flexibility as possible in the use of the physical space (as children adapt their
science play, the learning space should permit them to move things around to enhance this
learning)

allow for flexibility in the use of furniture (furniture which is not obviously prescribed for a single
task permits children to re-imagine it in a novel way)

encourage children’s self-direction through the accessibility of materials (when materials are easily
accessible to children, they are more comfortable and confident to choose for themselves without
adult intervention)

encourage creative problem-solving through reciprocity between learning areas (if children can
move materials across spaces, their play is fluid and uninterrupted)

provide materials which can be used in multiple ways (materials which can be re-purposed allow
children to imagine differently and enhance creativity)

allow children to create and maintain a social learning experience (facilitating children’s play
through making things as easy as practicable allows active exploration)

allow for reasonable noise and movement (children’s interactions produce noise, so restricting all
noise will restrict creative play)

enhance children’s interactions through the provided resources (materials which encourage
collaborative play improve children’s learning opportunities)

encourage social interaction (the way furniture is organised can encourage collaboration and
cooperative play)

encourage children’s self direction through the way things are organised (the way materials and
facilities are organised and available can aid or hinder the way children play).
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Room layout

Room layout is a reflection of the available space, children, program goals, educator’s philosophy and available
resources (Greenman, 2007). In developing a classroom layout, consideration should be given to the fixed
spaces (doors, windows, sinks, lighting and toilets), different zones (wet area, dry area, quiet area, active area
and transitional area), pathways, dividers, and nooks and crannies. Access to all activities and materials should
be easy and free-flowing, allowing children the freedom to choose where they wish to play and what activity
they will work on. Space should be allowed between activities so that children do not have to negotiate
convoluted pathways or narrow corners.

In designing the room layout, consideration should be given to providing a range of activities. Along
with the discovery table, learning spaces may incorporate a quiet reading area, a writing/drawing area, a
construction area, a painting area and an imaginative play area (including dress-ups). For special teacher-
directed activities, a free space may be needed to accommodate a range of activities. Low moveable dividers
can create walled, inclusive spaces and provide the flexibility to move them at will, such as when a larger space
is needed to accommodate more children or a larger activity. Physical indoor spaces can be changed, allowing
children to use the space creatively and make use of materials found inside.
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Materials

The materials found in an early childhood centre or in the lower classes of primary school usually fit into two
categories – commercially available (purchased) or recycled (taken from another place and repurposed).
Purchased materials include items bought to achieve a particular outcome, such as wooden or plastic blocks to
facilitate construction activities, or plastic dinosaurs to enable play around prehistoric animals. Other
purchased materials can be in the form of ‘kits’, such as a farm kit which includes a range of buildings,
appropriate animals, tools and characters to make up the farm. In particular, general science equipment can
include magnifying lenses, eyedroppers, mirrors, magnets – all of which facilitate science play.

In terms of the recycled materials, there are many types of materials which can facilitate more open-
ended science play:

Materials have the possibility to enhance the curriculum. Children constantly use materials to learn about
their world, explore their questions and represent their thinking (Curtis & Carter, 2008). Initially, children
use materials to learn about their properties, trying to connect with their prior experiences. Once familiar with
the materials, children will then use them with a specific purpose in mind. Curtis and Carter (2008) developed
seven principles for using materials: select materials using an enhanced view of children (i.e. believe in the
capabilities of the children), invent new possibilities for familiar materials, draw on the aesthetic qualities of
materials, choose materials that can be transformed, provide real tools and quality materials, supply materials
to extend children’s interests, and layer materials to offer complexity.

‘In any environment, both the degree of inventiveness and creativity, and the possibility of discovery, are
directly proportional to the number and kinds of variables [materials or loose parts] in it’ (Nicholson, 1972, p.
6). This loose parts theory suggests that when children are presented with a wide range of materials with no
defined purpose, they will be more inventive in their play and will have infinite play opportunities for
manipulating the materials in ever-changing ways. Loose parts, also known as open-ended materials, are items
with no defined use that can be moved, carried, combined, redesigned, lined up and taken apart and put back
together in multiple ways. Loose parts have no instructions; rather, they invite children to use their own
imagination and creativity and develop their own play scripts. Loose parts can be natural or synthetic and

containers – such as plastic (milk cartons) can be used to make terraniums, aquariums and other ‘small
animal’ homes

hardware items – such as hosing, plastic pipes and funnels, encourage material movement from one
place to another and can be adapted to make musical instruments

flashlights and torches – useful for an introduction to electricity

toys, clocks and other small machines – good for a tinkering table or ‘maker’ space

cardboard containers of all sizes can be adapted to a range of needs – dioramas, animal habitats

pipe cleaners, straws, balloons, paper plates and cups, pieces of fabric – useful for construction
activities and for material investigation activities

any item which can be counted or sorted – such as buttons, lids or seeds can facilitate categorising and
reasoning activities

old clothes for dress-up and imaginative role play.
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include stones, stumps, sand, gravel, fabric, twigs, wood, pallets, balls, buckets, baskets, crates, boxes, logs,
rope, tyres, shells and seedpods.

While loose parts enable creativity and invention, providing materials on their own to children does not
necessarily teach scientific concepts. Fleer (2009) reported that where resources are introduced to children
within an appropriate scientific framework, or teacher-led interactions are focused on scientific concepts, then
science learning has more opportunity to occur. Fleer (2009) also noted that without adult guidance or a
‘scientific framework for using materials in play‐based contexts, children will generate their own imaginary,
often non-scientific, narratives for making sense of the materials provided’ (p. 1069). This implies that the
best science learning opportunities will occur with discourse between children and adults while interacting
with materials.

To encourage children to be self-directed, they require time along with free and easy access to activities
and materials. Harlan and Rivkin (2008) observed that making available exploration time for young children
was important in ensuring that children had sufficient opportunity to investigate and solve problems.
However, if too many materials and choices are available, children can be overstimulated. This can lead to
them ‘flitting’ between activities and not spending enough time on any single activity to allow for development
or consolidation of ideas. Using materials sensibly and rotating them through activities means that children
will be stimulated anew as the different materials are made available.

Organising materials to facilitate learning science through play

As material is collected for science learning, whether it is the various science-based kits, or the loose recycled
materials, storage and appropriate organisation is required to allow for ease of access. Loose materials can be
stored according to their properties or according to a science theme that they augment. For example, small
containers may be placed together to allow for use in the collection of classified items, or shells may be placed
together with rocks, magnifying lenses and other items for an exploration table around the theme of ‘the sea’.
Labelling is important both for the educator and the children. Use of coloured pictorial representation assists
children to choose the most appropriate material for their play, and encourages them to return unused
material to the right container. Children are very adept at organising things if given the right assistance.
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Preparing science activities for teacher-led or child-instigated learning
In preparing activities, the educator should be aware of children’s physical, emotional, social and cognitive
needs and how best to meet these needs through the provided activities, resources and interactions. Some
children will prefer an occasional, one-on-one interaction with the teacher, while others will prefer to work
alone or in small peer groups. Allowing for all these possibilities will enhance children’s learning. When
developing activities, decisions have to be made about whether to use whole-group discussion (tuning in) or
whether the activity can be left to children’s ‘discovery’ with some educator guidance or focusing. Either way,
planning is crucial so that the educator takes into account the purpose of the activity and the needs of the
children. In particular, activities should be age-appropriate, open-ended and encouraging of some skill or
knowledge development. Customised science learning experiences, based on children’s demonstrated interests,
should promote independence in actions and thinking; responsibility towards themselves, others and the
objects they deal with; autonomy, reducing the need for adult intervention; involved engagement and active
participation; enthusiasm and intrinsic motivation; and the development of conceptual understanding,
problem-solving skills and creative thinking.

There are many common activities in early childhood centres that lend themselves appropriately to
science learning. These include cooking, discovery/exploration table, play dough manipulation, and machines
and construction activities.
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Cooking

In any cooking activity, children are engaged in a number of science skills and processes. The selection of
ingredients encourages children to discuss the function of each ingredient and its purpose in the cooking.
Measuring allows for children to develop hand–eye coordination as well as the ability to read marks as
communicating significance, such as volume. When children follow a recipe, they are learning that a process
can lead to an end point or conclusion. In mixing, children see physical change occurring through their own
application. In using tools such as mixers, egg beaters, spatulas, lifters and spoons, children engage in
exploration of forces, levers and measuring devices. The final stage, cooking, provides children with
experiences of a chemical change to a substance – the original materials are no longer retrievable. Other
cookery investigations that promote science understanding of basic chemistry (mixing, dissolving, evaporation,
condensation, melting, solidification, thawing and freezing) include making jelly from gelatine and
fruit/flavouring, making butter from cream, making icecream and mixing flavoured drinks. The role of the
educator is to ensure that the science is drawn out as part of the discussions and children’s questions.

Case study 10.1  Chocolate potato cake

In an early learning centre for 3-year-olds one child discovered a potato when ‘weeding’ the vegetable
patch during free play. This discovery filled many of the children with excitement and they joined the
dig. The result was a harvest of many potatoes, which then led to a range of explorations and activities.
A question was asked by the educator: ‘What do you know about potatoes?’

On being asked to draw the potatoes, including different forms of potatoes, children explained
their drawings as a ‘A potato cookie with chocolate on it! This is a chocolate potato cake!’

The educator followed up on the children’s idea that ‘We should make a chocolate potato cake!’
A recipe was found on the internet and a small group of children went into the kitchen to make the
cake. They measured out the ingredients, mashed the potatoes, mixed the ingredients and licked the
spoon. They then shared the cake with their peers and even the principal. The chocolate potato cake
became the stuff of legend in the early learning centre. The children talked about it for weeks
afterwards. It spawned a story book, a play, a podcast, mud play and further inquiry into recipes.

Reflection

Case study 10.1 highlights how one child-initiated event led to many rich science learning experiences
due to an educator who was prepared to follow the children’s ideas. These science experiences
included food coming from plants, observations for drawing potatoes, descriptions of potatoes, and
physical and chemical changes associated with cooking, and the entire sequence of events resulted
from one child weeding the garden.

1. What other science experiences could be included that relate to potatoes?

2. Discuss the importance of follow-up activities on the development of children’s learning.
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Science discovery table

The science discovery table is one way to provide children with materials not normally available to them.
Children can investigate seeds, seed pods, leaves or bark as an extension of their outside explorations. They
can use tools such as magnifying lenses, digital cameras, torches, magnets, wind-up toys and other moveable
objects. The discovery table may provide objects that have a specific purpose, such as an egg slide, egg whisk,
can-opener and other household implements. Construction items/kits and digital players (iPods or iPads) can
provide children with the opportunity to explore the reason for such instruments and how they work. Building
on this, objects can be provided for children to tinker with to find out how they work. Suitable objects can be
simple toys that can be easily taken apart and put back together again. Avoid toys with small parts that could
present safety issues and that may be beyond young children’s fine motor skills. Manufactured materials, such
as plastics, laminates, metals and timbers, can be examined more closely with greater attention to detail.
Educators can encourage children to look closely at patterns, similarities, differences and changes in the
science explorations.

Case study 10.2  Developing awareness of different rocks

To provide the 1–2-year-olds with experiences of different features and textures related to rocks, the
educators placed large containers holding many different rocks on the discovery table. They then
assisted the young children to select rocks according to their own classification, which related to
colour, size and texture. They introduced the language, such as rough or smooth, to the children.

Reflection

Consider Case study 10.2 and the following questions:

1. What other aspects of rocks could be incorporated into this investigation?

2. What other language could the educator use to expand children’s understanding?
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Play dough manipulation

As children work with play dough, they are shaping the dough to represent their ideas or understandings
about something they are interested in. For example, it could be an animal with four legs or a boat with a
strange shape. As the dough is manipulated, it is squeezed, rolled, pinched, pulled, pushed, stretched, rolled or
twisted. All of these actions represent the force a child is exerting to alter the shape of the dough. They are
not only experiencing the force they exert, but also the resistance of the material. If children are provided with
the opportunity to work with clay or plasticine in addition to play dough, they start to understand the
different properties of malleability as well as develop an appreciation of different surface textures of the
different materials.

Case study 10.3  Layers of possibilities

To assist children to learn about texture, the educator provided the 2–4-year-old children with a range
of household and natural materials to explore in play dough. She offered keys, screw-top lids,
spanners, nuts, bolts and screws, along with shells, small pine cones, flowers and leaves. Observing
how the children had interacted with these materials, the educator commented how delighted she was
with the wide range of ways the children used the play dough. Some children flattened the play dough
and positioned flowers or screws to form a pattern. Others took the new metal objects and explored
the patterns they made in the play dough. Shells, pine cones and screw tops became the setting for
adventure stories. The ends of the spanners were used to make rows of small play dough balls, which
were then classified by size.

Reflection

Consider Case study 10.3 and the following questions:

1. Note how the educator used the play dough as a sensory base and then added layers of
possibility with a range of familiar and new materials. What other materials could you use to
expand the complexity of working with play dough to encourage scientific exploration?

2. What conversation could the educator have with the children to encourage them to explore
with their senses and describe what they are doing?
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Machines and construction

Machines in an early childhood environment refer to simple machines such as levers, wedges, screws, inclined
planes, pulleys, and the wheel and axle. Scientifically, simple machines make work easier by allowing us to
push or pull over increased distances. Children’s play areas contain many examples of these simple machines.
A slide is an example of an inclined plane; a pair of scissors shows us how wedges work; while every time
children build ramps down which to run a car, they are demonstrating an awareness of an inclined plane as
well as the mechanics of the wheel and axle.

Blocks of various shapes and sizes offer endless opportunities for children to design and construct.
Research by Robbins and Jane (2008) indicated that block play can improve children’s technological thinking;
from planning through to designing, producing and evaluating their own constructions. This builds on earlier
work by Fleer (2000) who found that young children (4–5 years old) are capable of developing their own
design briefs and construction tasks.

Case study 10.4  Constructing a roller-coaster

The 5-year-old children had been learning about how the size and shape of an object influence how
the object moves. Part of this discussion had included children’s favourite show rides, such as the
Ferris wheel, train rides and bumper cars. Many children said they wanted to go on a roller-coaster but
their parents had told them they were not yet old enough. This started a two-week investigation by
the children into different roller-coasters. They searched for different designs using the class computer
and printed out their favourites. The children then each drew a picture of a roller-coaster they would
like to make using the materials in the classroom, labelling their diagrams. The class voted on the
‘best’ five designs, with the children being split into groups to construct the roller-coasters.

One design used the materials from the block corner, which contained a 10 cm high table.
Surrounding this table were blocks of different sizes and shapes, long cardboard tubes, small wooden
spools, recycled boxes of different sizes, long strips of material, small plastic mirrors, plus an
assortment of seed pods and small logs. The children initially followed the roller-coaster design,
having the cardboard tubes angling from the table top to the floor. They then discussed the different
heights of a roller-coaster and how this balance could be achieved in their construction. Blocks and
logs were used to create scaffolding of different heights on the table. Chairs were moved to the table
so that cardboard tubes could go across, adding width to the roller-coaster. Children used the seed
pods as the people and moved them over the roller-coaster.

The design of the roller-coaster became more elaborate daily as children thought of additional
ways that materials could be connected and how the strips of material could be included. To capture
the changing designs, children took photos of their favourite part of the roller-coaster with the
Educreations app on the class iPad. Using the features of this app, children circled various
components in the photo and audio-recorded how they had constructed that component. The
educator included this as part of her assessment.

Reflection
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Consider Case study 10.4 and the following questions:

1. How does this case study demonstrate that loose parts lead to creativity and imagination?

2. What pedagogy did the educator employ as the children designed and developed their roller-
coasters? Consider space, classroom layout and materials in your answer.
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Using digital technology as a teaching tool or for children’s learning
The role of digital technology has increased significantly in recent times in early childhood centres. In
particular, many early childhood centres are using digital technologies to communicate with parents through
private websites, blogs and other interactive multimedia sites. Photographs and records of children’s
learning/activity can be instantly forwarded to parents or uploaded to a secure site for later perusal and parent
comment. Educators can provide children with extended understanding using immediate internet responses
around children’s queries. However, as indicated in Chapter 9, educators need to be careful of how and why
they use digital resources.

A number of relatively inexpensive digital technologies can enhance children’s learning. Apart from
computers, small digital microscopes can be linked to a computer to increase a small image to computer size.
As an animal is crawling across a small container, children can view in detail how the animal moves, what
food it might stop to eat and how the different parts of its body are interconnected. Close observation, one of
the science process skills, then becomes much easier for the children. The digital image can be frozen and
saved onto the computer for children to use. The image can be used to allow a child to reconstruct their
understanding of the animal in other ways (drawing, painting or construction). Similarly, iPads or digital
cameras can be used in the classroom to record both still or moving images, which can be stored for future
reference or use or can be incorporated into a further learning experience. An example of this is where
children use the digital image and create a story about the object or image.

Case study 10.5  Representing small animals

At a pre-school the educator provided the 4-year-old children with a digital hand-held microscope so
that they could see the small animals they had just collected from the outside garden. The children
were given the option of drawing or using plasticine to record their animal.

Rather than simply producing a fine piece of art, one child showed her detailed knowledge of
spiders in making her plasticine spider. She knew that spiders have eight legs and two body parts and
that the abdomen is generally bigger than the cephalothorax. She demonstrated that the legs are
attached to only one part of the body, although she attached the legs to the abdomen rather than the
cephalothorax. She also knew that a spider has eyes and often feelers or palps. Thus, the plasticine
spider allowed this child to demonstrate six significant facts about spiders.
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Figure 10.1  A plasticine spider made to record a child’s understanding of the parts of a spider

Reflection

Consider Case study 10.5 and the following questions:

1. Would you address the child’s idea that a spider’s legs are attached to its abdomen? Why or
why not? If yes, how would you go about building her knowledge?

2. Suggest ways in which the child could extend her science knowledge to look at the spider’s
habitat, and finally to look at its place in an ecosystem.
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The built environment
The built environment may include items such as play equipment along with structural elements such as taps,
seating arrangements, walls, paths, buildings, fences and roads. The built environment provides children with
opportunities to explore and develop scientific skills and understandings as well as technological skills and
understandings. This may include experiencing the forces on the body of a swing or the effect of gravity when
moving down a slide. While very young children are introduced slowly and are supported when using these
items of equipment, older children quickly learn how to manipulate them to gain the best effect – for example,
how to move their body in order to swing higher.

Other aspects of the built environment can help children develop understanding of force as a ‘push’ or a
‘pull’. Forces can make things move or stop, or hold things up or squeeze things. When children are pushed
on a swing, they experience the force of the push, then the force of resistance created by the air pushing back
as they move through the air. Children can feel the pull of gravity as the swing ascends, then a sense of
weightlessness at the top of the travel of the swing, before gravity affects the movement of the child back
towards the earth.

Figure 10.2 Even young children can benefit from experience with a range of simple machines and the
effect of gravity – using a slide also introduces children to other forces such as friction
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Conclusion
This chapter highlighted how educators can use the indoor learning environment to support science learning
in play contexts. The features of space, layout and materials that enhance science learning in the indoor
environment were described. Science learning opportunities were found to be more likely to occur where there
was discourse between children and adults while interacting with materials. The characteristics and
opportunities offered for science learning were described in relation to the use of digital technologies and the
built environment.
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Learning environments – welcoming places that enrich the lives and identities of children and their
families. Also known as ‘places for childhood’ or ‘the third educator’.

Loose parts theory – this theory suggests that when children are presented with a wide range of materials
with no defined purpose they will be more inventive in their play.

Force – a force is a push or a pull. Children can experience this directly when using play equipment or
when applying a push or a pull to shape materials.
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Design brief – a concise statement clarifying a project task and defining a need or opportunity to be
resolved after some analysis, investigation and research. It usually identifies users, criteria for success,
constraints, available resources and timeframe for a project and may include possible consequences and
impacts (ACARA, 2015).

Digital technology – any technology controlled using digital instructions, including computer hardware and
software. Computers, smartphones, digital cameras, printers and robots are all examples of digital
technologies.

Built environment – includes play equipment along with structural elements such as buildings, walls, taps,
seating, paths, fences and roads.
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Chapter 11

Learning science in informal contexts: the home and
community

◈

Jill Robbins

Science is everywhere, and learning about science may occur not only in formal school settings, but also in
home and community contexts. Memories of some of the informal learning that occurred in years gone by,
even when we were very young, can remain with us throughout our lives.

This chapter aims to highlight the importance of learning science outside formal spaces such as early
childhood centres and schools. Families have substantial funds of knowledge that they can share with children
through their everyday practices, such as cooking, gardening and tinkering in back sheds. These practices will
draw on cultural knowledge from across generations and need to be taken account of respectfully by educators.

Objectives

At the end of this chapter, you will be able to:

identify and acknowledge the significance of ways in which informal science processes and concepts
are being developed within the everyday practices of families

acknowledge the importance of science pedagogical content knowledge

attempt to make conscious connections between the everyday concepts that children develop in
informal settings, and scientific or academic concepts that are introduced in school or early
childhood institutional settings

draw on Belonging, Being and Becoming: The Early Years Learning Framework for Australia
(DEEWR, 2009) and aspects of the Australian Curriculum: Science (ACARA, 2017) to inform
your teaching of science.
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The importance of early childhood recollections for science learning
Were there special people in your life, perhaps grandparents, aunts or elders, who taught you how to grow and
harvest vegetables or herbs, or to cook cupcakes, told you traditional stories about the Sun, taught you to
respect country, showed you how to knit, or how to fix a wobbly wheel on a cart?

From birth children are connected to family, community, culture and place. Their earliest development
and learning takes place through these relationships, particularly within families, who are children’s first
and most influential educators (DEEWR, 2009, p. 7).

When I think back to my childhood, I can remember so many wonderful experiences – especially building
cubby houses. Sometimes this was done inside, with chairs and sheets and blankets, and at other times outside
with pieces of wood, large pieces of material and strong cardboard (often discarded cardboard boxes which
had originally contained some new household item). My dad occasionally allowed us to use some of his ‘real’,
‘grown-up’ tools – helping us at times when we couldn’t hammer nails properly, or had trouble using a saw to
cut through some thick hardwood. I remember, too, the fun I had stomping through puddles, getting my
gumboots (Wellington boots) covered in mud and water. I also vividly recall making mud pies, and leaving
them out in the sun to ‘cook’, while inside I would help Mum to make muffins or drop scones or prepare
veggies for dinner.

What I didn’t realise at the time was that, through these experiences, and so many more, I was engaging
in informal science. For example, stomping through puddles and making mud pies, I was beginning to learn
about the properties of materials (water is wet) and physical change (mud pies dry out and become hard in the
sun, but can change back by soaking in water). In building cubby houses I was again learning about the
properties of materials (wood is stronger for walls than sheets), while in making muffins I engaged with
aspects of chemical change (when the ingredients are cooked they change and can’t be changed back again).

268



Figure 11.1 Learning joining techniques with father

Practical task  Memories from childhood

1. Recall some memories from your childhood years, and then make a list of some of these
recollections. Try to remember if some of these experiences occurred in the company of others.
Who were these significant people?

2. Endeavour to note down two or three recollections, including how others might have
supported your learning.

3. Next, using the ‘Examples of simple science statements’ in Appendix 2, attempt to identify the
science concepts embedded in your examples.

4. Share these recollections, and the embedded science, with a colleague or friend or family
member.

It is important for teachers to understand how they might make connections between the everyday concepts
that children develop in informal settings such as the home and their communities, and the abstract scientific
or academic concepts they are introduced to in pre-school or school. Good science teaching requires us to do
more than ‘notice’ where children are ‘doing’ science’ (Larsson, 2013). It is essential that we have the
appropriate content knowledge that we can introduce and make explicit in contextually and culturally
appropriate ways. At the conclusion of this book you will find ‘Examples of simple science statements or
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concepts’, mentioned in Appendix 2, and on the companion website, you are provided with a range of
additional resources, including websites that can be helpful for increasing teachers’ own background
knowledge. Add other resources to this list as you become aware of them.
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Research on science in the home and community
Rennie (2007) wrote that science learning occurring outside formal school, early childhood or other
educational settings has been described in a number of different ways, including ‘informal learning; non-
formal learning; informal education; free-choice learning, learning in out-of-school-contexts, settings or
environments’ (p. 126). Much of this research has focused on learning that occurs in museums, science
centres, zoos, aquaria and botanical gardens (see, for example, Dierking & Falk, 1994; Watson et al., 2002;
Cujas, Bartolli & Russo, 2014; Rönkkö, Aerila & Grönman, 2016). More recently, some attention has been
paid to citizen science, a method of research that brings together the community and scientists to gather
scientific information for projects that often focus on environmental and sustainability issues (Cohn, 2008;
Bonney et al., 2009; Fitzpatrick, 2016). Through involving ordinary citizens, large amounts of data can be
gained, not only to inform the scientific projects but also, simultaneously, to increase the public’s
understanding of these issues. Some citizen science projects involve schools in an attempt to connect science
in schools to the wider community, or ‘real world’ (see, for example, Alexander & Russo, 2010; Paige et al.,
2010). (See ‘Additional resources’ on the companion website for some examples of Australian citizen science
projects.)

However, there is a dearth of research focusing on science learning that occurs in family settings,
especially in relation to early childhood. In a seminal study, Fleer (1996) examined the links between
children’s science learning at home and in their child care centres, and the ways in which families can support
children’s exploration and learning of everyday and scientific concepts in family contexts. The study affirmed
that there are benefits for both children and families when the boundaries can be fused between the learning
that occurs in the home and in the early childhood centre. Cumming (2003), in her study of young children’s
understandings of the origin of foods, concluded that they learned more scientific information from families
than their teachers might recognise. She suggested that bringing children’s prior knowledge into science
lessons can greatly enrich the science curriculum. Similarly, Mawson (2011) argued that children bring a wide
range of technological knowledge and understanding with them when they enter early childhood settings –
again, something that is not necessarily recognised or supported by their teachers. In addition, Mawson
suggests that while it is important that educators are able to accurately identify children’s real interests, it is
also necessary for them to have sufficient personal content knowledge (as mentioned earlier) to be able to
support those interests effectively.

In another study, Robbins and Jane (2006) examined some ways in which many grandparents support
young children’s learning in science through engagement in everyday activities, such as cooking, gardening,
using playground equipment, fixing and using machines such as cars, trailers, lawn mowers and cameras, and
visits to the park and beach. They found these experiences are strongly ‘characterised by sustained
concentration and intrinsic motivation’ (DEEWR, 2009, p. 10), and are often rich in leisurely conversational
exchanges between grandparents and grandchildren. Frequently, the grandparents shared their ‘funds of
knowledge’ (Moll et al., 2001) – or their ‘cultural and intellectual resources’ (p. 132) – with their
grandchildren.

Similarly, Riojas-Cortez and colleagues (2008) have described how Mexican-American parents and their
pre-school children recognised science concepts and knowledge learned from everyday activities in their
homes – such as gardening, cooking and using plants for home health remedies. More recently, Fleer, Adams,
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Gunstone and Hao (2016) have highlighted the not-insurmountable challenges that can exist in attempting to
identify and support scientific knowledge in culturally and linguistically diverse families. They suggest ‘role-
playing with families could support the learning of science for not just the adults, but also the children’ (Fleer
et al., 2016, p. 137).

Figure 11.2 Grandfather shares his understanding of small water animals with his grandchildren
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Implications for practice
Implications of these examples of research projects are for early childhood educators to recognise that ‘children
bring family and community ways of being, belonging and becoming to their early childhood settings’
(DEEWR, 2009, p. 16). Consequently, it is crucial to work in partnership with families to build upon their
funds of knowledge in meaningful and respectful ways (Upadhyay, 2006), and thus to contribute to successful
transitions between home and early childhood settings. Following are narratives – first from a parent and then
from a grandparent – providing examples of informal science concepts and processes that are being developed
in community and home contexts. After both are some practical tasks for reflection and discussion on ways in
which the children’s learning could be supported and extended.

Case study 11.1  Anna’s story – learning informal science concepts and processes at the beach

In the following case study, Anna, mother of Beth (5 years) and Davey (11 months), shares her
experiences of a visit to the beach with her children’s centre leader. This experience offered rich
opportunities for the centre staff to make connections between the children’s prior experiences and
new learning, and to enhance explorations and discoveries in meaningful ways.

Anna, Beth and Davey
At the weekend we had a picnic on the beach. We love to do this. It was such a lovely day, and
because the tide was out we went rock-pooling. Beth saw a little crab, and counted 10 legs. She was so
excited, until it scampered away into a pool and hid in inside a large shell, ‘Cos it was looking for a
friend’. I explained to her that it was trying to keep out of danger. I held Davey in my arms while he
kicked in the water. It was so warm and he loved it. He laughed and laughed! We looked at different
kinds of seaweed piled high on the beach and Beth asked lots of questions about why all of it was
brown and where it had come from and why some of it was slimy and some was hard. She loves to eat
sushi, so I told her that we eat some kinds of seaweed – but not the sort that are piled up on the beach.
Then we collected some shells on the beach, and sorted them into piles. There were all different
shapes and colours. Beth said she could hear the sound of the sea in some of them, and we giggled at
the smell. I had to stop Davey from putting them in his mouth, but he loved the sound they made
when he held them in his hands and banged them together. Beth covered some of them with sand
then helped him to find them again. She asked if we could take some of the shells home, but then said
that maybe the crab might want to use them, ‘Because crabs need the shells’ – so we left them at the
beach.

Reflection
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Reflection for Beth’s teacher

1. What does this narrative tell you about what Beth currently knows about the beach, and about
relationships between living and non-living things?

2. How can you use this narrative to build on her current and future science learning?

3. What pedagogy do you think will best support her learning? You might find it useful to refer
to Belonging, Being and Becoming: The Early Years Learning Framework for Australia (DEEWR,
2009).

4. How might you assist Beth to communicate her understandings to others in your centre’s
community?
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Reflection for Davey’s teacher

1. Which scientific processes is Davey using here, and how might you support and extend on
these in meaningful and relevant ways?

2. What specific language might be useful to support his learning?

3. What does this narrative tell you about Davey’s sense of agency?
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Reflection for centre leader/manager

1. How can you use Belonging, Being and Becoming: The Early Years Learning Framework for
Australia (or other curriculum framework) to discuss with your staff the principles, practices and
learning outcomes embedded in this narrative?

2. How might you use this narrative to encourage other families to share their family experiences
with centre staff?

3. What ethical issues might exist with this sharing?

In Case study 11.1 there appears to be a very comfortable and relaxed relationship between Anna and the
centre leader – encouraging Anna to share the family’s experiences. In addition, for this family, going to the
beach and exploring is obviously a familiar and culturally valued experience.

Children bring the culture and valued practices of their home into their early childhood settings, and
learning is most effective when educators can make connections between science teaching and children’s real-
life situations (Upadhyay, 2006, Fleer et al., 2016). This, in turn, validates children’s identities (DEEWR,
2009; Upadhyay, 2006). According to DEEWR (2009):

[c]hildren learn about themselves and construct their own identity within the context of their families
and communities … When children have positive experiences they develop an understanding of
themselves as significant and respected, and feel a sense of belonging. (p. 20)

Educators promote identity when they do such things as ‘build on the culturally valued learning of individual
children’s communities’ (DEEWR, 2009, p. 22), ‘demonstrate deep understanding of each child, their family
and community contexts in planning for children’s learning’ (p. 23), ‘build on the knowledge, languages and
understandings that children bring’ (p. 23) and ‘provide rich and diverse resources that reflect children’s social
worlds’ (p. 23). However, in order to be able to plan effectively for children’s learning, build on their
knowledge and provide rich and diverse resources, it is important to understand the difference between
everyday concepts and scientific concepts – and the value of both.
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Everyday and scientific (or academic) concepts
Through their home and community experiences, children develop important dynamic ‘everyday concepts’
(Vygotsky, 1987) or ‘intuitive tacit concepts embedded in everyday contexts’ (Fleer, 2009, p. 282). Vygotsky
(1987) argued that these concepts are important in their own right and form a dialectical relationship with
what are known as ‘academic or scientific concepts’, or those concepts that are more formally taught in
Western science education. While everyday concepts are contextually specific and generally cannot be
transferred to other situations, scientific concepts exist within a hierarchical network of inter-related concepts
and are able to be generalised, but may be disconnected from everyday life. Yet, both types of concepts,
everyday and scientific, are important, and strengthen each other. An example of an everyday concept is Beth
saying that crabs ‘need’ seashells and have 10 legs – ideas she has ‘learned’ through her direct experience
during her visit to the beach.

However, these are intuitive concepts. Through learning scientific concepts related to crustaceans at
school, she will come to understand about their anatomy, including that crabs have one pair of chelipeds
(claws, pincers or nippers) and four pairs of walking legs (Museum Victoria, n.d.), their habitats, feeding,
reproduction and so on. Learning only scientific concepts, though, may not automatically result in them being
related to real-life experiences. Nor may they necessarily result in the curiosity and question-asking and
engagement with the environment that Beth demonstrated – important processes in science. Nonetheless,
both the scientific concepts and Beth’s everyday concepts, in their own way, are examples of the science
understanding that ‘living things have basic needs’ (ACARA, 2017) (see Table 11.1) – though at different
developmental levels.

Hedegaard and Chaiklin (2005) suggested that learning is most effective when the educator consciously
takes into account children’s everyday concepts (such as Beth’s belief that crabs have 10 legs) and, at the same
time, the related scientific concepts (such as the crab’s anatomy), and interlace the two. That is, if the educator
consciously holds the scientific concept she can guide Beth to explore and make observations by using the senses
(ACARA, 2017). Larsson (2013) refers to this as working to achieve contextual and conceptual
intersubjectivity between children and teachers in children’s play and learning.

Further, this is an example of intentional teaching (DEEWR, 2009), which ‘involves educators being
deliberate, purposeful and thoughtful in their decisions and action’ (p. 15). Traditionally, early childhood
educators as a group are not confident in teaching science (Akerson, 2004; Edwards & Loveridge, 2011).
However, today many reputable websites, and books, exist that can help teachers to develop understanding of
science concepts, and provide useful information to guide the day-to-day teaching and learning processes –
some of which are listed at the end of this book. However, in order to gain deeper and more lasting
understandings in science, it can be helpful for educators to seek ongoing professional learning or in-service
opportunities.

Practical task  Beginning to build scientific concepts

Take some time to explore some of the websites listed at the end of the text to evaluate how useful
some of these might be within your own context.

1. How easy or difficult do you find them to use and understand?
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2. To what extent do they provide you with new information that you might find helpful in your
teaching? How often do you find yourself saying ‘I didn’t know that?’ as you read them?

3. Do you have any specific questions or things you want to find out about some area of science –
natural science, engineering, space or physical science? Perhaps you could ask a question on one
of the sites listed, such as How Stuff Works (science.howstuffworks.com).

4. Read through the Australian Curriculum: Science (www.australiancurriculum.edu.au/f-10-
curriculum/science) to become familiar with appropriate science content for the Foundation
years. (See also Table 11.1 and Table 11.2.)

5. What professional learning or in-service opportunities exist within your region in relation to
science education?

6. What topics or areas of interest would be of most use to you within your community?

7. If no professional learning opportunities currently exist, how might you go about organising
for these to occur?

8. Are there any citizen science projects that you would be interested in becoming involved with?
How might you also involve the children and families with whom you work?

Educators who actively work at attempting to increase their understandings in science are likely to gain
more confidence in being able to support children’s interests, and are therefore more able to ‘actively promote
children’s learning through worthwhile and challenging experiences and interactions that foster high-level
thinking skills’ (DEEWR, 2009, p. 15).
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Using the science curriculum to inform teaching
In the previous practical task it was suggested that you read through the Australian Curriculum: Science
(ACARA, 2017). At the Foundation year level this document includes three inter-related strands: Science
Understanding, Science Inquiry Skills and Science as a Human Endeavour (see Table 11.1). These strands
should be taught in an integrated way, with the content organised into teaching and learning programs to be
decided by the teacher (ACARA, 2017). This statement fits well with the sentiments of Belonging, Being and
Becoming (DEEWR, 2009) – which also emphasises the integrated nature of learning – and educators, in
collaboration with children and families, are urged to devise learning experiences relevant to the children in
their local context.

Table 11.1 Foundation Year content descriptions – the Australian Curriculum: Science

Science Understanding Science As a Human Endeavour Science Inquiry Skills

Biological sciences Nature and development of
science

Questioning and predicting

Living things have basic needs,
including food and water.

Science involves observing, asking
questions about, and describing
changes in, objects and events.

Pose and respond to questions
about familiar objects and events.

Chemical sciences Planning and conducting

Objects are made of materials that
have observable properties.

Participate in guided
investigations and make
observations using the senses.

Earth and space sciences Processing and analysing data
and information

Daily and seasonal changes in our
environments affect everyday life

Engage in discussions about
observations and represent ideas.

Physical sciences Communicating

The way objects move depends on
a variety of factors, including their
size and shape.

Share observations and ideas.

Source: ACARA, 2017.

While the Science Understanding strand can provide direction for curriculum decision-making for
meaningful learning, the strand on Science Inquiry Skills matches aspects of the learning outcomes described
in Belonging, Being and Becoming (DEEWR, 2009), some of which are presented in Table 11.2, and can be
adapted according to the particular strengths, abilities and interests of children.

Table 11.2 Science Inquiry Skills (ACARA, 2017) matched with aspects of the learning outcomes described
in Belonging, Being and Becoming
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Science Inquiry Skills (Acara, 2017) Learning Outcomes (Deewr, 2009)

Questioning and predicting

Pose and respond to questions about familiar
objects and events.

Use reflective thinking to consider why things
happen and what can be learnt from these
experiences (p. 35).

Interact with others to explore ideas and
concepts, clarify and challenge thinking,
negotiate and share new understandings (p.
40).

Planning and conducting

Participate in guided investigations and make
observations using the senses.

Manipulate objects and experiment with cause
and effect, trial and error, and motion (p. 35).

Use their senses to explore natural and built
environments (p. 37).

Respond verbally and non-verbally to what they
see, hear, touch, feel and taste (p. 40).

Processing and analysing data and information

Engage in discussions about observations and
represent ideas.

Explore ideas and theories using imagination,
creativity and play (p. 37).

Exchange ideas, feelings and understandings
using language and representations in play (p.
40).

Use the creative arts such as drawing, painting,
sculpture, drama, dance, movement, music and
storytelling to express ideas and make meaning
(p. 42).

Communicating

Share observations and ideas

Engage with and co-construct learning (p. 36).

Convey and construct messages with purpose
and confidence, building on home/family and
community literacies (p. 40).

Contribute their ideas and experiences in play,
small and large group discussions (p. 40).

Source: ACARA, 2017; DEEWR, 2009.

Practical task  Using Belonging, Being and Becoming (DEEWR, 2009) and The Australian
Curriculum: Science (ACARA, 2017)

After reading Table 11.2, examine carefully the document Belonging, Being and Becoming (or other
curriculum framework with which you work). What other learning outcomes can you find that
correspond with aspects of Science Inquiry Skills?

1. Add also your own examples from your own particular context.

2. In what ways might your findings inform your curriculum decision-making?

3. How might you share your findings with others in your centre – both staff and families – to
281



3. How might you share your findings with others in your centre – both staff and families – to
foreground the science learning that you are supporting in your children?

Case study 11.2 may provide an opportunity to explore some of these ideas further. While it provides
examples of informal learning of science in the home, it demonstrates further how children do not
come into our settings unskilled and unknowledgeable – especially in science. As you read through it,
try to determine which science understandings and inquiry skills Grace and Ellie may be developing.

Case study 11.2  Nanny G’s story – informal science learning at home

It is a normal routine for Grace’s (3 years) and Ellie’s (20 months) grandmother (Nanny G) to have
them for a sleepover one night a week, and for them to stay with her the next day. Nanny shares the
following diary entries she has kept in relation to the experiences she has with her grandchildren.

Nanny G, Grace and Ellie
We have a good vegetable garden with a plentiful supply of zucchini, squash and cherry tomatoes that
I have been using in recent months to make two types of muffins that Grace and Ellie both like. They
stand on chairs either side of me as we work together and take turns putting in the ingredients, stirring
and putting into the tins for cooking. With practice, they have learned to prick each tomato with a
small cocktail fork so that they don’t burst during the cooking. When the mixture is ready, a
dessertspoonful is put in each muffin pan, then a cherry tomato is put on top ‘in the middle’ before
another spoon of mixture is put in to cover each tomato. While putting the mixture into each pan
requires a lot of guidance (hand holding) on this occasion I noted that Ellie didn’t try to put more
than ‘one tomato in the middle of each muffin’.

I had been telling Grace for some time that the corn she had helped me plant before Christmas
had finished growing and we needed to pick what was left on the stalks, and that it was time for us to
plant some bean seeds. They helped to identify and pick the two remaining cobs of corn. Grace had
done this before so was more interested in smoothing out the ground with her garden fork. Ellie was
delighted to be able to pick her first corn and carried it around for a long time trying to pull back the
covering leaves to expose the corn that she indicated she expected to eat straight away. ‘Ellie, the corn
has to be cooked before you can eat it. Would you like me to cook it for you for lunch?’ ‘Mmm.’ ‘You
can have one and Grace can have the other one. Let us put it down here while we plant the beans.’
Her willingness to put the corn down indicated she understood the process.

A week later
They helped to remove any stones and smooth out the row of soil for the beans. ‘Now the dirt has to
be watered so that it is ready for the seeds.’ As I watered with the hose Grace said: ‘You are making
mud.’ ‘Oh, what makes mud?’ ‘Dirt and water.’ ‘Who likes mud?’ ‘Pigs.’ Together we planted the
seeds. As I made a hole in the ground with my finger they took turns to put one bean seed into each
hole. Then we covered the seeds and gave the ground another watering.

At lunch
Grace and Ellie helped get the two corn cobs ready to be put into the saucepan for cooking and were
lifted up to view them boiling just prior to serving. ‘I want the big one,’ said Grace, who is always
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ready to have the advantage over her younger sister. ‘I will give you both pieces of corn that are the
same size,’ I replied. As I handed out their bowls of corn, I said ‘These are the two last pieces of corn
from Nanny’s garden.’

‘Can we plant more corn seeds?’, asked Grace. ‘Not for a long time, Grace.’ ‘Why?’ ‘Because the
weather is going to get too cold for the corn to grow so we have to wait until after the winter. I have
got more corn in the freezer so we still have more pieces of corn to eat.’

Reflection

Earlier in this chapter it was contended that educators do not necessarily recognise the important
learning that young children experience in their families (Cumming, 2003; Mawson, 2011). Reflect on
the narrative in Case study 11.2 to address the following questions:

1. What is valued within this family context?

2. What have you learned in relation to Grace’s and Ellie’s science understandings? (Refer to
Table 11.1.)

3. Which Science Inquiry Skills (ACARA, 2017) have they demonstrated here? (Refer to Table
11.2.)

4. Which learning outcomes (DEEWR, 2009) are evident?

5. Which pedagogies (practices that are intended to promote children’s learning [DEEWR,
2009, p. 46]) has Grace’s and Ellie’s grandmother used?

6. What do you know about the experiences that children in your setting share with their
grandparents or elders, and what they are learning?

7. How might you engage with Grace’s and Ellie’s family to ensure that the learning experiences
you provide build on what they already know, and that it is contextually relevant and culturally
meaningful?
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Establishing relationships: working together to support learning in
science

The DEEWR (2009) reminded us that ‘[c]hildren thrive when families and educators work together in
partnership to support young children’s learning’ (p. 9). However, many teachers acknowledge that it is
challenging to establish working partnerships with all families. At the heart of this is building relationships of
‘belonging’ within the centre – so that family members such as Anna, and Grace’s and Ellie’s grandmother,
feel comfortable in sharing experiences, interests and stories with staff.

If possible complete the following task with colleagues – either fellow staff members, or with other
students if you are currently enrolled in a course.

Practical task  Working at establishing relationships to support children’s learning

Think about some of the ways that you can establish warm, respectful, reciprocal relationships with
your families. How can you help families to feel they ‘belong’ in your centre or school?

Make sure you consider cultural issues.
Think also about what you might do to establish relationships with families that work long hours

and do not have many opportunities to visit your centre or school.

1. What other constraints do you face in relation to developing reciprocal partnerships with
families?

2. How might you attempt to overcome these constraints?

Once you have done this, try to think about ways in which you can support them to share with your
school or centre staff some of the experiences their children have at home and in the community.

1. How can you demonstrate that you genuinely value their input and use their contributions?

2. How do/can you share with them how you could work together to support and extend
children’s interests, particularly in science?

3. To what extent do/can you plan for children’s learning together?
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Jacinta’s story: one example of establishing relationships and building on learning that began at home

The following narrative provides an example of how one teacher, Jacinta, attempts to establish respectful
relationships with families, and builds on children’s learning outside the early childhood centre.

At the start of the year, Jacinta asks the parents and children to fill in jointly an ‘interest form’. She
believes this is an introduction to the way she intends to work with the children and families, and hopes that it
gives them the sense that their ideas, skills, knowledge, interests and cultural traditions are welcome. She has a
particular interest in technology and science, and provides materials and environments that promote discovery,
creativity, improvisation and imagination. Jacinta frequently uses digital technologies with the children (as
opposed to ‘for’ the children) to support and extend their learning. The discoveries and learning journeys (such
as that in the ‘Big Bang’, described below) are regularly documented to be shared with the children, their
families and the community. Through her teaching she tries to ensure children are confident and involved
learners.

Case study 11.3  The ‘Big Bang’ – a learning journey that began at home

We had been assisting the children in the 4-year-old group to work like scientists for much of the
year; for example, investigating their questions, observing and classifying objects and animals, and
documenting children’s theories and knowledge with learning stories and labelled drawings that we
placed into portfolios to revisit and share with children, families and the community throughout the
year.

One day Amelia, Elliott’s mum, mentioned that Elliott had been asking questions at home about
the ‘Big Bang’. I supported his interest in astrophysics, and the growing interest of others, with
activities such as:

1. Viewing and discussing interplanetary, interstellar and intergalactic photographs in a book
called Cosmos by Giles Sparrow. The children loved these ‘big’ words – and the spiral shape of the
Milky Way. We looked for spirals in other things in the environment, when the children
remembered that the snails we had found earlier had spiral shells.

2. Reading the picture book You are the First Kid on Mars by Patrick O’Brien with the group over
several sessions. The book raised so many questions. A new planet was discovered at the same
time as we were reading this book, and so I took in a newspaper article about it, and several of the
children (especially Elliott and Liam – who loves ‘Ben 10: Alien’ and wears his Heatblaster
costume to kinder nearly every day) imagined that we were flying to the new planet. Of course,
we needed space helmets as there was no oxygen for us to breathe!

3. Listening to Gustav Holst’s Planet Suite streamed from the internet while sitting under a
fabric-darkened table, followed by a documented appraisal of the music (for example, when
describing Mars, the Bringer of War, a child said ‘It sounds like in the movies, like a witch … or a
mean person … or men breaking through the window’).

4. Planning, making and appraising rockets with blocks. I also put out some shiny open-ended
materials like silver duct tape tubes and fabrics, and the children used them to make rockets and
space gear.
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5. Gravity was talked about often and we pretended to fly to the Moon. I modelled taking slow,
big leaps and walking like we were in low gravity. We sang ‘Walking on the Moon’ by The
Police.

6. Visiting the NASA Kids website to investigate Zachary’s question: ‘What does zero gravity
look like?’ There is an option, too, to ask an expert on the website.

7. Learning about Indigenous perspectives on the stars to begin to understand about multiple
cultural ways of knowing about the world.

8. Going on an excursion to the planetarium at Scienceworks (Melbourne). I downloaded a lot of
useful information before our visit to prepare for questions and concepts the children might ask
and talk about after the visit.

During this time we had a visit from John – a grandparent attending our family participation program.
When he told me he was a scientist (molecular biologist), I was very excited and shared his profession
with a group of children as we ate our snack together. I suggested that the children might like to ask
John some science questions while he was visiting. As we ate, we talked about how there are many
different types of scientists. John explained that he worked with very small parts of things called
molecules. Elliot said he knew what molecules were, they were like atoms, and then said he had a
question to ask:

‘If the universe was so small before the Big Bang, then how come it’s so huge now?’
John said that he could not answer that question because nobody really knows the answer,

although there are many scientists still trying to find out.
He then advised Elliott that if he wanted to become a scientist he should keep being curious and

asking hard questions.

Here, Jacinta demonstrates how she is responsive to children’s strengths, abilities and interests, and builds on
these to ensure their motivation and engagement in learning. Though the topic is complex she is not making
assumptions about the children’s learning and setting lower expectations because of a bias against, or fear of, a
challenging topic (DEEWR, 2009). She uses various resources (books, websites, family members) to help
build her own understanding of science concepts, as well as those of the children, and thus, while working
with everyday concepts, she holds the scientific concepts in mind also – an example of the ‘double move’ in
teaching (Hedegaard & Chaiklin, 2005) (See, also, Larsson, 2013).

Practical task  Science as a Human Endeavour

After reading Jacinta’s narrative, examine carefully the document Belonging, Being and Becoming
(DEEWR, 2009), or other curriculum frameworks, to pinpoint what specific learning Jacinta is
promoting. What is she conveying about Science as a Human Endeavour (ACARA, 2017)? (Refer to
Table 11.1.)
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Conclusion
In this chapter, learning in the home and community has been discussed. Some research on this topic was
introduced, and stories from a mother, a grandparent and a teacher were presented as case studies. Reflective
and practical tasks, focusing on the curriculum frameworks, were posed. Acknowledging the importance of
families and educators working together in partnership to support young children’s learning in science was
highlighted.

Of particular importance is the need for early childhood educators to attempt to increase their content
knowledge in science (or know where they can go to find answers), which in turn will develop confidence in
teaching science. As stated, reputable websites and books can assist teachers in knowing how to address
children’s (and their own) questions and interests. Documents such as Belonging, Being and Becoming: The
Early Years Learning Framework for Australia (DEEWR, 2009) and aspects of the Australian Curriculum:
Science (ACARA, 2017) are also invaluable in informing teaching in science. However, in order to increase
understandings at a deeper level, ongoing professional learning or in-service is suggested.
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Informal science – learning about science may occur in home and community contexts.

Everyday concepts – these are the understandings that children develop through their experiences in
everyday events. They are generally not scientifically accurate, are context-based and are considered naïve.

Non-formal learning – learning that occurs outside a formal learning situation such as a school or
educational institute. Museums may be considered places of non-formal learning as the material portrayed
allows for learning, but it is not ‘taught’ through formal processes.
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Citizen science – a method of research that brings together the community and scientists to gather
scientific information for projects that often focus on environmental and sustainability issues.

Intrinsic motivation – this arises from a child’s own interest and governs their response to learning or task
persistence.

Ongoing professional learning – learning which is sustained over time through the use of strategies such as
reflective practice or ongoing review.
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Chapter 12

Learning science in outdoor settings
◈

Coral Campbell

Young children have a natural affinity for the outdoors and this can be enhanced to develop a sense of wonder
for and delight in the outdoor environment. This chapter discusses a growing worldwide phenomenon where
young children are taken into an outside environment (other than the school or early childhood centre) for
play during formal learning time. Considering a range of outdoor settings, this chapter highlights the benefits
of the outside environment for children’s development and learning. Ways in which young children can be
provided with meaningful outdoor experiences which enhance their science and environmental understandings
are presented. Affordances for science learning through play which embrace ‘bush’ or ‘beach’ kindergarten
time will be discussed. This chapter discusses how early years educators can enhance children’s affinity with
the environment through the appropriate use of play pedagogy.

Objectives

At the end of this chapter you will be able to:

describe the benefits and importance of outdoor learning in early years education

describe the relationship between science play and learning in outdoor settings

describe the educator’s role in promoting science learning in outdoor settings

list the ways in which adults can scaffold children’s science learning through play pedagogies in
outdoor settings

appreciate how science learning in outdoor settings is linked with environmental understandings.
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Understanding ‘outdoor settings’
Most children enjoy being outdoors, exploring their environment, getting dirty and following their own
interests. Children’s physical and cognitive development, along with their wellbeing, are enhanced through,
with, and in the outside environment (Maxwell, Mitchell & Evans, 2008; Gill, 2014). While outdoor play
areas are not a new phenomenon in Australia, the recognition of this environment as a means of enhancing
children’s learning is only recently emerging. There is a need to enhance the quality of outdoor play in early
childhood education settings.

What does it mean to be ‘outdoors’? The term ‘outdoor settings’ encompasses a number of different
outside spaces, with variable opportunities for children’s play. Within the idea of ‘outdoors’ are the following
terms:

Each of these settings provide different experiences and different opportunities for the young child.

Figure 12.1 Outdoor setting – a normal centre enhanced with natural features

Case study 12.1  Creating improved ‘outside’ settings

Research by Morrissey, Scott and Wishart (2015) found that redesigning the outdoor spaces of centres
to include features such as different levels, slopes and additional green features, increased the level and
variety of children’s physical activity. The new features provided children with opportunity for

outside – not within a building or defined inside space

outdoor setting – any setting which is not indoors and includes both natural (e.g. parks, gardens, bush)
and human-made settings which might incorporate structures (e.g. seats, climbing frames, play items)

natural environment – an open-air environment which does not contain any human-made items or
materials. (e.g. beach kindergarten)

bush setting – a natural environment where trees and other plants (grasses) grow without human
management; it may include creeks, bush, beaches or rocky mountainous areas.
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different challenges. However, the variety of children’s engagement was less than expected and it was
suggested that educators’ attitudes to new risks in the environment may have impacted on the
children’s free play opportunities.

Reflection

Consider Case Study 12.1 and the following questions:

1. What do you think the researchers meant when they talked about ‘educators’ attitudes to new
risks’?

2. What other features could be included in the re-design of a kindergarten outdoor space and
why would you include them?

Figure 12.2 Natural setting – beach kinder setting

In Australia, the general allocation for prescribed ‘outdoor’ time is currently a three-hour period within a 15-
hour pre-school learning time. Overseas, this varies significantly from country to country, with some countries
having all pre-school learning in outdoor settings. As indicated by Wells and Evans (2003), the greater the
amount of exposure to playing and learning in the outdoors, the greater will be the benefits to the child.
Buchan (2015) advocates that there is a big difference between short exposures (three hours/week) and
extended exposure (every day each week) to the outdoors. Children become familiar with the space and the
greater the exposure the more ‘ownership’ they have, and the greater is their autonomy and connection to the
space. There is a continuity of experience as children observe their nature space change over time and are
involved in that experience.
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The Early Years Learning Framework

The national Early Years Learning Framework (EYLF) recognises the importance of outdoor spaces for
providing a range of opportunities for learning which are not available indoors. The framework comments on
the open-endedness of these environments for inviting play which includes ‘spontaneity, risk-taking,
exploration, discovery and connection with nature’ (DEEWR 2009, p. 15).

In terms of children’s learning, the EYLF indicates that outdoor learning spaces are recognised for
enhancing children’s appreciation for the natural environment and for developing an awareness of the
environment. It provides educators with a way to engage with environmental education.

Natural materials can be introduced to children to encourage exploration of new things. Opportunities
exist for educators to link to the broader landscape and resources, highlighting the responsibilities of humans
to care for the environment and for children to understand and develop a disposition of care for their natural
world.

However, in the subsequent Educators’ Guide to the Early Years Learning Framework (DEEWR, 2010, p.
31), questions were raised:

1. Is there an equal balance in the time and resourcing for play in the indoors and outdoors?

2. What potential does the outdoors hold that may not be fully realised?

The outdoor learning environments relate strongly to the outcomes in the EYLF. Interacting with outdoor
settings, children are exposed to situations which require judgement, problem-solving, development of new
skills and knowledge, and working with others. Within the EYLF, at the very least, children are developing
the following outcomes:

Outcome 1 – children have a strong sense of identity

Outcome 2 – children are connected with and contribute to their world

Outcome 3 – children have a strong sense of wellbeing

Outcome 4 – children are confident and involved learners

children develop their emerging autonomy, inter-dependence, resilience and sense of agency

children learn to interact in relation to others with care, empathy and respect.

children respond to diversity with respect

children become socially responsible and show respect for the environment.

children become strong in their social and emotional wellbeing

children take increasing responsibility for their own health and physical wellbeing.

children develop dispositions for learning, such as curiosity, cooperation, confidence, creativity,
commitment, enthusiasm, persistence, imagination and reflexivity

children develop a range of skills and processes, such as problem-solving, inquiry, experimentation,
hypothesising, researching and investigating

children transfer and adapt what they have learnt from one context to another

children resource their own learning through connecting with people, place, technologies and
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children resource their own learning through connecting with people, place, technologies and
natural and processed materials.
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The importance of getting outdoors

There is an imperative for taking young children into outdoor spaces. A report commissioned by Planet Ark
(2011), indicates that 10 per cent of Australian children only play outside once a week (or less). This statistic
adds validity to the ideas of Louv (2005) and others who found that some young children are disconnected
from nature and the natural world. Louv (2005, p. 34.) termed the phrase nature deficit disorder, describing
children with diminished sensory use, attention difficulties and physical and emotional illnesses. Limited
interaction with nature can result in children having limited empathy for and little understanding of the
natural world.

Modern family life contributes to the erosion of children’s involvement in the outdoors and the natural
environment. Houses have small backyards which restrict children’s play, playgrounds are designed with safety
in mind and play can be directed around ‘play furniture’, a sedentary indoor lifestyle is promoted by both
television and computer games, and parents restrict outside play due to a perception of ‘stranger danger’ and
safety issues.

In addition, when considering outdoor play experiences, other significant factors which influence
children’s development were identified by Thomas and Thompson (2004, p. 3). These were:

All early childhood centres incorporate outdoor play into their programs, preferably in natural settings without
specific play equipment. In most early childhood centres, there are ample spaces and places for free (and
directed) play in natural spaces. Educators can use these spaces for introducing children to natural objects or
for helping to set up children’s own investigations. Within these natural spaces, children can play safely and
can engage with the diversity of living things under the watchful eye of the educator.

equality of access to natural environments differed between children from rural and urban backgrounds

children use public outdoor space for play and personal development and this is influenced by their
strong sense of the environment as a social space; without opportunity for outdoor play in natural
spaces, this personal development is restricted

exploration of the natural environment develops children’s understanding of environmental issues but
this is constrained by restrictions to access of the outdoor environment.
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The benefits of outdoor learning

With education in the outdoors, the environment is considered a site for learning. The ideas surrounding
place and place-based education are articulated by many researchers (Mohammed et al., 2013; Kelly & White,
2013) as places which allow learning through participation in experiential phenomena, where the place
provides children with a sense of safety and harmony.

The local community and environment can be used as starting points for children’s learning around a
range of ideas in language, arts, mathematics, social studies, science and other content areas (Sobel, 2004).
The outdoors can provide a context for learning about sustainability and respect for the environment. Sobel
(2004) indicates how children’s experiences in the outdoors, where there is an emphasis on hands-on
experiences with a real-world focus, can enhance children’s understandings. Current research indicates that
the most significant benefit of outdoor learning is that participation helps children to appreciate and care for
their natural environment (Borradaile, 2006). One of the main purposes of education within the environment
is to provide circumstances that allow children to increase their knowledge of their natural environment and
develop an awareness of their roles in relation to the environment. For these reasons, the early childhood
educator must provide opportunities for children to participate actively in the natural environment. ‘Time
spent in nature provides a diversity of sounds, sights, smells and textures, and a variety of plants, animals and
landscapes that children can engage with’ (Planet Ark, 2017).

The benefits of taking children to natural settings are multiple (Borradaile, 2006; Elliot, 2013). ‘Children
experience the natural world differently from adults and enter it more actively. Children want to touch, hold,
dig, smell, taste, explore, and experiment’ (Kos & Jerman, 2013, p. 190).

Children have the freedom to explore the settings with adult support, accepting challenges in situations
which cannot be duplicated in a classroom or play area. Other benefits include children becoming more
confident in risk-taking and becoming more independent in play. Children exhibit increased motivation and
concentration, better language and communication skills, as well as improved motor skills, such as balance and
coordination (Borradaile, 2006).

In the natural outdoor setting, children engage in free, unstructured play, using the resources of the
setting. While some rules are applied for safety reasons, such as boundaries or care with animals, few resources
are provided and intervention in children’s play is minimal. Recent research into play in outdoor settings
indicates that children become more imaginative and creative in their play (Campbell & Speldewinde, 2017,
in press). When playing in groups, children will play with others to suit the circumstances of the outdoor
resources. Often, in early childhood centres, the provided materials determine who plays with whom (educator
interview, 2015). Educators have found that this enables children to mix socially in different ways and to
enhance their relationships with other children.
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Science play and learning in natural settings
As a segue into introducing children to play in outdoor spaces, early childhood centres can help prepare
children for play with natural objects through the use of loose parts incorporated into resources and a nature
table. The table is usually a static display where children stop, look, touch, smell and sometimes taste material
from the outdoor environment, such as leaves, rocks, feathers, etc. Children gain an appreciation of the
attributes (size, weight, texture and shape) of an object through this interaction. This sensory play with natural
material readily links with science learning. Another open-ended approach is to provide children with a range
of natural materials which they can use in play outdoors. Children’s imaginations allow them to see the
material in different ways and for different purposes. Natural materials are re-purposed into imaginative play.
For example, materials which can be used for imaginative play include seed pods, leaves, small branches or
twigs, shells, sand, gravel/soil, clay and small rocks. Play with natural materials ‘supports cultural inclusion’, as
the value of the items being played with is created by the play participants, rather than any predetermined
contexts (Elliot, 2010, p. 64).

Case study 12.2  A nature table

In one kindergarten, educators had set up a nature table with a number of rocks of different sizes,
shapes, colours and textures to enable children to develop an understanding of the different materials.
In attending the centre, a visitor remarked to one child playing at the table, ‘These are interesting
rocks’, in the expectation that he would off-handedly reply ‘yes’, as he was completely engrossed in his
study of them. However, he quickly retorted, ‘These are not just rocks, these are minerals!’ He
subsequently showed the visitor the mineral elements in some of the rocks.

Reflection

Consider the scaffolding that may have occurred in Case study 12.2.

1. How would you intentionally and purposefully scaffold the children’s learning?

2. What other information about rocks would you provide?

Most people consider that science in natural settings is all about biology, ecosystems and the environment.
However, play in natural environments leads to a greater understanding of other areas of science, including
physics, chemistry and ‘change-over time’. Playing in natural places creates greater challenges for children as
these outside spaces are not ergonomically ‘safe’ environments. Overhanging branches need to be avoided,
creating awareness of spacial relations (the body in space and what is around it). Kneeling on rocks requires
care, leading to an awareness of natural surfaces. Even climbing low tree branches requires controlled use of
motor skills, hand–eye coordination, an awareness of branch texture and branch strength. The outside natural
environment requires greater concentration to move about freely. In addition to the physical movement in
natural spaces, related to gravity, force, friction and resistance, children can interact with a vast range of living
and non-living natural materials. They can smell the earth after a rain shower, or watch the way water pools in
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indentations in the landscape. Children observe that snails move about after rain or that ant activity increases
before it rains. Natural surfaces may become more slippery and require greater care and concentration to
navigate. Awareness of weather patterns becomes apparent as children dress for the outdoor environment and
observe seasonal changes to the natural environment over time.

When children play in the natural environment, they can observe the small animals which are part of that
environment. Holding snails, worms or slaters can fascinate children and provide them with empathetic
approach in handling other living things. They can gain some understanding about habitats when observing
where they find these small animals. With scaffolding, children can be guided to closer observation of the
animal, noting physical characteristics and linking these with living requirements – for example, noting that a
slater can roll up into a ball to protect itself from predators or harm. There are many opportunities for an
educator to use these children’s explorations for guided discovery and to scaffold children to a greater level of
understanding, care and empathy for the natural world.
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Creativity

Educators will often comment that children are more imaginative when playing in natural environments.
Research by Campbell and Speldewinde (2017) highlights that this was a common belief of educators with
whom they worked. Imagination and creativity are high-order cognitive skills which are used in many aspects
of science exploration as children set out to investigate their world. Creativity involves children producing
unique and novel solutions to problems. Recent research by Kim (2011) shows that creativity is in decline in
all age groups, including young children. There was a suggestion that the learning environment suppresses
opportunities to engage in creative thinking. Additional work by Cropley (2014) has found that creativity was
enhanced when children were presented with:

An outdoor setting, with many natural spaces, provides the opportunity for multiple solutions to challenging
situations and enables children to develop their cognitive responses in terms of imagination and creativity.

open-ended tasks where a solution was not immediately apparent and multiple solutions were possible

challenges which were authentic in their purpose – children really wanted to find the answer.
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The development of bush kinders and their affordances for science learning

The forest kindergarten movement of Europe, over the last 50 years, has translated into a number of outdoor
approaches in early childhood settings in New Zealand and Australia. In New Zealand, ‘The Ngahere Project’
(Kelly & White, 2013) studied the multiple teaching and learning possibilities in nature settings in several
early childhood settings. As engagement with the outdoors is considered a key element of life in New Zealand
and is linked to its heritage, identity and culture, Kelly and White were interested in determining how nature-
based learning was presented and what pedagogical aspects were evident. Their research found that:

In Australia, the forest kindergarten movement has translated to ‘bush’ or ‘beach’ kindergartens. Research in
Australia around the benefits of a bush kinder approach (Elliot, 2013) has tended to focus on the overall
positive aspects in terms of children’s biophilia (appreciation and care for the natural environment), greater
motivation and risk-taking behaviour. There has been little research into the specific science learning around
biological/ecological systems, physical sciences and chemical sciences as children play in these bush or natural
settings.

In 2015, Campbell and Speldewinde (2017) studied three bush kindergartens in Australia, specifically
documenting the ‘science through play’ observed. As science educators, they recorded instances of children’s
science play and the interaction of the educators with the children in the natural settings. Educators discussed
their perceptions of the science that was part of the children’s play in the bush settings. Their study was
focused around a number of questions:

The play environments differed across the three natural settings, which enabled different opportunities and
experiences for the children’s science learning. These are described in Table 12.1.

Table 12.1 Description of three natural settings in relation to resources available and play experiences

Characteristics

Site 1 Site 2 Site 3

Offsite – 5 kms from the
normal kinder

Adjacent scrub – natural
parkland just outside the
back gate of the kinder.

Adjacent scrub – grassy
paddock

Resources Trees to climb Trees to climb Plenty of trees to

teachers use a combination of resources to inform their practice – not least their Te Whāriki (early
childhood education curriculum)

nature environments are powerful contexts for children’s learning about that environment

children, teachers and the environment are involved in ‘place-responsive’ relationship and the
emergent curriculum of the natural environment.

How is science learning and teaching being enacted across the bush kindergartens?

What is available in the play environment that provided opportunities for exploration related to
science?

How do educators scaffold children’s science learning?

What was observed as ‘science learning’ in the bush setting?
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Resources Trees to climb

Loose material

Natural scrub
grasses

Small animals

Birds

Mud puddles

Pathways/bush
tracks

Waterway

Trees to climb

Loose material

Natural green
grasses

Small animals

Birds

Mud puddles

Waterway

Housing fence line

Plenty of trees to
climb

Loose material (had
to be provided)

Semi-mown grass

Small animals

Mud puddles

Housing fence line

Additional
equipment such as
magnifying lenses,
drawing requisites.

Play experiences Unstructured +
structured (30 minutes
planned)

Totally unstructured Unstructured +
structured (30 minutes
planned)

The off-site natural setting (Site 1) was an open, sparse, environment with small trees and flat terrain.
The adjacent scrub (Site 2), by contrast, had lush grasses, multiple bushes and trees and a creek to explore. It
was a richer environment in terms of the natural material available. The third setting (Site 3) was a small
grassy paddock.

The discussions with educators indicated that they had expectations that the natural bush settings would
be productive spaces for learning about the environment – biological, ecological concepts and an ethos of
caring. Often educators highlighted a biological concept or process to draw children’s attention to science-
related ideas in the physical environment, where the natural phenomenon was the catalyst for children’s play.

It was observed that the physical phenomena children are closest to, such as manipulating objects and/or
exploring the physicality of their own bodies, was generally related to physical sciences, e.g. balancing,
manipulations of force and energy. The researchers’ observations of the science confirmed that physical
sciences were strongly represented in the children’s play. There were instances of children learning how to
balance their bodies on rocks or branches and how they would persist at this task until they conquered it.
Children were able to advise their peers on how to do it, using concepts of balance, weight distribution and
body positioning. Biological experiences observed (but not limited) included children finding and carefully
holding small animals (snails, worms, slaters, millipedes), studying leaf colours, investigating bark texture and
thickness and observing changes in plant growth over time.

Across time, environmental and biological understandings were supported most strongly by educators in
the play experiences of the children. Physics experiences were less well supported, although discussions did
occur around ‘slipperiness’ of wet surfaces, and balance, often related to safety. The texture of surfaces was also
part of this conversation, with changes to surfaces observed over time.

Reflection

1. Consider the categories of outdoor settings provided earlier in this chapter. Where would you
place ‘bush kinders’, based on the descriptions given above?
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2. Given the breadth of science observed in the bush setting, how do you think this compares
with a normal kindergarten setting? In what ways is it similar or different?
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The educator’s role in promoting science learning in outdoor settings
Young children are continually trying to make sense of the world. Educators who become co-investigators
with children, or encourage further exploration, provide them with opportunities to extend their own
investigations (Campbell & Jobling, 2010). Van Hoorn et al. (2014) indicate that potential science learning
opportunities for children can occur when the science is recognised by the educators. While it may be easy to
recognise the science in biological and ecological activities, it is more difficult for the physical sciences.

Within children’s play, there are a number of recognised aspects which can involve the educator in
enhancing children’s science learning:

Educators need to be flexible in their approach to responding to children’s science learning. There is a time to
approach children at play and a time to let children explore on their own. The educator’s experience and
knowledge of the children and their play habits will help to determine what approach is used. Experienced
educators may recognise the science in spontaneous events and can make use of these to develop children’s
deeper understandings (Campbell, 2012).

One way for an educator to scaffold children’s play is to help children link their current play experiences
with their prior knowledge (constructivist theory – see page 58). Effective questioning (see page 82) focuses
children’s thinking and helps them construct new understandings. Consider the question stems of ‘what’,
‘where’, ‘how’, ‘why’ and construct questions around this:

play-based learning – children have free choice of what they do and where they do it, within safety
considerations (e.g. a child may decide to climb trees, experiencing aspects of gravity, friction, weight
distribution and space)

child-centred interests – children’s own interests lead their play (e.g. a child may be interested in
space, so uses the outdoor material to construct a space station)

educator scaffolds – intentional teaching – purposeful, deliberate and thoughtful actions and decisions,
the educator sees an opportunity to assist children, it is not intrusive or managerial (e.g. when children
construct a nest from sticks and leaves, the educator may ask them to consider what else a bird might
need in the nest)

integrated learning experiences – educators may provide additional material to offer children the
opportunity to integrate their play experiences (e.g. if children are collecting small animals, the
educator might provide them with containers or magnifying lenses to see the small animal more
clearly)

directed teaching – occurs occasionally, this might include pointing out specific changes to the
environment, or highlighting how the natural environment connects with some interest that has been
raised by the child previously (in some instances outside experts, for example, a marine biologist, might
visit to respond to children’s interests).

What do you use this for?

Where does this live?

How does this work?
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Why does it move like that?

What else could it be?
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Enhancing science understandings in outdoors settings

In the Australian Curriculum (ACARA, 2017), the areas of science include Science Understanding (biological
sciences, physical sciences, chemical sciences, Earth and space sciences), Science as a Human Endeavour
(nature and development of science, use and influence of science) and Science Inquiry Skills (questioning and
predicting, planning and conducting, processing and analysing data and information, evaluating and
communicating). All these strands and substrands have been discussed in Chapter 3. But how do these apply
in outdoor settings where the resources are determined by the place and space? How can an educator enhance
children’s understandings, with minimal additional resources?

What is required is for the educator to recognise the science in the ‘everyday’. Just as children develop
‘everyday’ concepts of science because they are actually experiencing the science as phenomena which affects
them, so can educators start to train themselves to recognise the science involved in children’s play. One way
to do this is to listen to the language associated with children’s play. If you find yourself saying, ‘That child is
balancing on the rock’, the word ‘balance’ relates to the child experiencing gravity, and probably friction.
Similarly, in the statement, ‘You have a good grip on your shoes’, the word ‘grip’ relates to friction. See the list
of possible words associated with science understandings:

physical sciences

– most physical science words relate to children’s movement of their bodies

– force, gravity, friction

– moving, stopping, spinning, rotating, rolling, pulling, pushing, braking, accelerating, falling,
throwing, bouncing, glowing, reflecting, shading, sound, floating, sinking, flying

– heat, energy, light, sound, magnets

chemical sciences

– think about children making potions and mixtures from soil, sand and water.

– mixing, dissolving, separating, gluing, sticking, wetting, absorbing, dyeing, melting, freezing,
evaporating, boiling, condensing, rusting

biological sciences

– observing or handling living and non-living things in the environment

– natural materials, caring, animal home, environment, growing, changing, food chains,
similar/different

Earth science

– observing the nature of the Earth and the factors that influence the pattern of the day

– weather, seasons, rain, sun, hail, land, sand, soil, water, day and night

Science Inquiry Skills (see page 40 where these are discussed in detail)

– these words are related to children exploring and investigating their world

– observing, measuring, asking questions, classifying, problem-solving, analysing, using science
words.
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(Some of the phenomenon words were developed by Sofie Areljung, Umeå University, Sweden.)
Common activities in outdoor spaces which relate to science include:

Figure 12.3 A child’s rock collection from the beach – the child was interested in colour and size difference

investigating natural materials such as bark on trees, leaves or rocks

using the senses to smell plants, feel texture, describe colour

mixing soil and other materials to make a ‘cake’ or magic potion

using materials in different ways – a tree branch becomes a horse or a train and can take on passengers

balancing on tree branches or rocks

swinging from tree branches

informally measuring body lengths against trees or branches

classifying natural materials by making collections of rocks, bark, leaves or flowers

making miniature ‘gardens’ or ‘fairy gardens’

collecting or holding small animals.
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Connecting science and environmental education
Earlier in the chapter, the connection between science learning and children’s development of understanding
of their natural environment was mentioned in relation to ‘sustainability and respect for the environment’.
Littledyke (1997, p. 641) comments;

There is a need for an understanding of the relationship between science and environmental education
which draws on science to support knowledge of the causes of environmental problems, as well as the
complexity of ecological systems.

In outdoor settings, particularly natural environments, there are much greater opportunities for enhancing
children’s ‘wonder’ with science and the natural world. If science is described as a way of defining the world
through investigation, the gathering of evidence and socially negotiated explanation, how does this generalised
understanding relate to education in, about and for the environment? Environmental education encourages
environmentally responsible behaviour where children can and do make informed decisions about the
environment.

At the level of a young child, there is a natural weaving of science and environmental understandings
which develop when in outdoor settings. In fact, a knowledge of science can increase children’s sensitivity,
understanding and appreciation of the interconnectedness of all living and non-living things. This sensitivity
then plays out in an environmental awareness, which can be linked successfully to environmental sustainability
through further education of the social, political and cultural aspects of a situation.

An environmental education approach in pre-schools or schools should build children’s understandings
about the environment, through play in the natural environment and possible educator-instigated explorations.
As children develop an ethic of care for the environment, they become considerate in their decisions relating to
the environment. McKenzie & Blenkinsop (2006) provide theoretical perspectives on the development of
caring (or ethic of care), indicating that children start with a care of self and those close to them, but develop
caring for more distant things, including nature. As children start to understand the science of biology and the
understanding of how living things are inter-related, they develop the background to make judgements about
the environment within the environment.

Environmental education should foster ‘wonderment’ about the environment. For example, snails should
not be seen as pests that eat the plants in the garden, but as exquisite living creatures that have a life cycle that
children are able to observe. Worms should not be seen as wriggly, cold wet things, but animals that have a
positive influence on our soil and gardens, and which also have an interesting life cycle. Through the use of
the environment, children’s empathy and respect for the environment can be developed, along with their
confidence to make a difference.

A review of the literature reveals that there is much research in the area of young children’s
environmental understandings. Almost none are specifically linked with science. However, there have been
some studies undertaken in primary schools with 8–9-year-old children (Birdsall, 2007; Lindemann-Matthies,
2002). For example, Lindmann-Matthies (2002) found that children undertaking environmental education
where they participated in the environment through field trips of outside activities demonstrated enhanced
understanding of both biodiversity and environmental issues. Research by Campbell and Speldewinde (2017)
in bush kinders found that most educators in these settings were making the connections between science and

310



environmental understandings for the children, although the children themselves seemed to be unable to make
the links.

Figure 12.4 A child displaying an ‘ethic of care’ when handling a snail

Case study 12.3  Linking science and environmental understandings

Birdsall (2007) studied a primary class of 8-year-olds to investigate the children’s understandings of
environmental sustainability concepts over many weeks. Interviews were conducted to determine the
children’s initial understanding of biological science concepts. Using a local park, Birdsall set up
explorations for the children to help them to develop the relevant science understandings in an
environmental setting. She also provided extended opportunities, through discussion and role play, for
the children to develop understandings of needs of the living things (plants and animals), knowledge
of language and environmental sustainability, both at the park and back in the classroom. After their
visits to the local park, classroom follow-up consisted of further investigation and discussion of
children’s science and environmental questions. In addition, children were involved in writing a
submission to the local council to ensure the safety of the trees in the park in light of a local
development which may have impacted on the number of trees available. At the end of the unit of
learning, Birdsall conducted a post-interview with the children. Her findings indicated that children
demonstrated increased complexity in understandings:
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1. In their descriptions, initially, children had exhibited simple understanding ‘ … if they (trees)
all die, we won’t have so much fresh air and we need fresh air’. At the end of the unit, children’s
understandings were more complex ‘ … putting the rocks to stop avalanching … so fish can
breathe and find their food … having some native trees … to make lots of oxygen and for native
birds to be around.’

2. In their submission to the local council:
‘ … how important it is to have shady banks. For the macroinvertebrates as well as the

importance of protecting breeding sites (for native birds). We think that this needs to be taken
into account when considering lakeside developments … ’

Birdsall (2007) concluded that it is important for children to have a strong understanding of the
environment and environmental issues and that science can provide deeper understanding of issues
when taught in conjunction with environmental understandings. Environmental education can
provide a ‘real life’ situation or vehicle through which to explore science understanding.

Reflection

1. How do you think you could enhance children’s environmental understandings, as they were
developing greater understanding of the biology and ecosystems of the outside environment?

2. How does this ‘fit’ with your professional philosophy of working in outdoor settings with
children?

Practical task

Visit a local park or natural setting. List all the material at the site which you think children might
play with. Chose one of the materials and consider how you might build children’s science
understandings. Photograph the material and prepare a learning story outline (see Chapter 15, page
247 for details) – ready to include a child’s play with the material.
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Conclusion
This chapter discussed the importance of outdoor settings for enhancing children’s science understandings.
The chapter highlighted that the term ‘outdoor settings’ can describe a variety of settings from outside a
building to completely natural environments. The benefits, implications and purpose of science learning
through play in outdoor environments are described for the more natural settings. The chapter highlights the
nature of science and play learning, showing that it is much broader than just a biological focus. In light of the
unstructured play, opportunities in natural spaces, children’s imagination and creativity are enhanced.
Pedagogical approaches to the way young children play are featured along with other suggestions for educators
to recognise children’s learning of science through their play in natural environments. One such approach uses
everyday language attached to the play phenomena. Finally, the chapter links science and environmental
education together to assist in developing children’s empathy for living things, knowledge of ecosystems, and
an understanding of the inter-relationships between elements of the environment.
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Outdoor setting – any setting which is not indoors and includes both natural (parks, gardens, bush) and
human-made settings which might incorporate structures (seats, climbing frames, play items).

Natural environment – an open-air environment which does not contain any human-made items or
materials (e.g. beach kindergarten).

Bush setting – a natural environment where natural materials are not controlled by human management;
this may include creeks, bush, beaches and rocky mountainous areas.

Nature deficit disorder – diminished sensory use, attention difficulties and physical and emotional illnesses.

Science play – children’s play which allows children to experience science phenomena.

Creativity – producing unique and novel solutions to problems.

Play-based learning – children learning through their play.

Child-centred interests – children’s own interests lead their play.

Educator scaffolds – intentional teaching – purposeful, deliberate and thoughtful actions and decisions.

Integrated learning experiences – holistic learning where no discipline boundaries exist.

Directed teaching – educators specifically introduce some learning experiences.

Physical science – involves the non-living world and the study of materials, force and energy.

Chemical science – the study of the substances of matter, their properties and interactions.

Biological sciences – the study of living things.

Earth science – observing the nature of the Earth, its materials and the factors that influence the pattern of
the day.

Science Inquiry Skills – asking questions, exploring to gather or collect information.
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Part 4
◈

How do I plan and assess in science?
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Chapter 13

Planning for teaching science in the early years
◈

Christine Howitt

In delivering science to young children, early childhood educators perform many functions: co-constructing
knowledge with young children; being a source of expertise, skills and knowledge; encouraging children to ask
questions; asking appropriate questions of children; modelling scientific skills and attributes, such as curiosity,
cooperation, persistence and resilience; providing children with time to explore, discover, learn skills and
develop understanding; and planning, observing and documenting or assessing children’s learning (Brunton &
Thornton, 2010; Howitt, Morris & Colvill, 2007). While planning is mentioned towards the end of this list,
it is fundamental to all science teaching and learning. Effective planning ensures that children are engaged in
appropriate science learning experiences that follow a logical and coherent sequence, and have relevant
documentation or assessment. Planning considers not only what to teach but how to teach.

Just as teaching is a complex task, so is the planning for science teaching and learning. Effective planning
requires time, consideration, creativity and logic (Preston & Van Rooy, 2007). Planning documents are
official documents and should be professionally presented for principals, team leaders or relief staff. Planning
can be done on various levels: whole-school or centre, term planning, and individual lesson planning. The first
two are described in this chapter, while the latter is covered in Chapter 14.

Objectives

By the end of this chapter you will be able to:

describe the important place of planning in teaching and learning science

distinguish between whole-school and term planning of science education

describe the components of the 5E teaching and learning model

develop a science program using the 5E teaching and learning model.
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Whole-school or centre planning
Some schools use a whole-school approach to planning. A whole-school plan presents an overview of the
school’s approach to teaching science along with a scope and sequence for science topics across all year levels.
This approach to science planning caters for schoolwide interests while ensuring a systematic and logical
development of science concepts over time. An example of a scope and sequence, taken from the national
Primary Connections program, can be found in Table 13.1. A whole-school approach to planning provides
children with the opportunity to build on what they have learnt in previous years rather than repeating the
same content. For educators, advantages of this approach include knowing ahead what topics will be taught,
knowing what and when children have been taught topics, and recognising how individual topics within each
year level fit into the school science plan. The whole-school approach also ensures that the four sub-strands of
biological sciences, chemical sciences, Earth and space sciences, and physical sciences are covered every year.

Table 13.1 Example from the Primary Connections program of a whole-school science scope and sequence,
Foundation to Year 6

Year level Biological sciences Chemical sciences Earth and space
sciences

Physical sciences

F Staying alive or
Growing well

What’s it made of? Weather in my world On the move

1 Schoolyard safari or
Dinosaurs and more

Spot the difference
or Bend it! Stretch it!

Up, down and all
around

Look! Listen!

2 Watch it grow All mixed up Water works Push–pull

3 Feathers, fur or
leaves?

Melting moments Night and day Heating up

4 Friends or foes? or
Among the gum trees

Material world or
Package it better

Beneath our feet Smooth moves or
Magnetic moves

5 Desert survivors What’s the matter? Earth’s place in space Light shows

6 Marvellous micro-
organisms or Rising
salt

Change detectives Earthquake explorers
or Creators and
destroyers

Essential energy or
Circuits and switches

Source: © Primary Connections, Australian Academy of Science 2018.

The content of the whole-school plan may include an introduction, aims and rationale, scope and
sequence, outcomes and assessment (Preston & Van Rooy, 2007). The introduction should describe the
context of science teaching within the school, and may include information on how science is taught, whether
science is taught by the classroom educator or a science specialist, and what specialist science facilities or
resources are available. The aims and rationale should relate to the Australian Curriculum: Science but take
into account the specific school context. The scope and sequence will show all the science topics taught across
all the year levels (see Table 13.1). To demonstrate the outcomes of the whole-school program, a mapping
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exercise may be done to align with the requirements of the Australian Curriculum: Science. An overview of
assessment procedures should also be included.

Planning for early learning centres should follow a procedure similar to the one outlined above. However,
major differences will occur in the content covered as this should relate more directly to the children’s
interests. Table 13.2 provides a summary of science topics that could be taught in early learning centres.
Alternatively, topics may arise from children bringing in a special item, such as a shell or a tooth. Topics will
run for shorter periods of time (sometimes only a few weeks) when compared to the full term in a school.
Outcomes should relate directly to the Early Years Learning Framework (EYLF). Rather than assessment,
sources of documentation that highlight children’s ongoing development should be incorporated.

Table 13.2 Possible science topics for use in early learning centres, based around the four sub-strands of the
Australian Curriculum: Science

Biological sciences Chemical sciences Earth and space sciences Physical sciences

I am special Classifying a range of
natural and processed
objects

Exploring rocks Water play

The five senses Exploring mixtures What is the weather
doing?

Floating and sinking

How do animals move? Cooking Water How can we move this
heavy object?

Caterpillars and
butterflies

Let’s be engineers A night stalk Ice play

Growing a herb garden What can you do with a
box?

Mud Magnets

Why are trees
important?

Bubbles Night and day Basic pulleys

Exploring seeds and seed
pods

Recycling What can you do with
sand?

Exploring light, colour
and shadows

Exploring leaves and
flowers

Potions By the sea How noisy and quiet can
we be?
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Educator school-term planning
While there is no set structure for writing a term planning document, it generally consists of an overview
followed by a plan for the specific unit of work. Units of work can be between five and 10 weeks in duration,
generally depending on the length of the school term. Children in early childhood should have at least one
hour of science a week. It is important to note that once developed, a term plan is not set in stone but can be
modified as the children respond to various learning experiences. In this sense, a program is a working
document.
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Integrated or separate science subject

Science at school can be taught as an integrated subject or as a separate subject. Some schools have specialist
science educators who teach science as a separate subject. When taught in an integrated manner science can
readily integrate with the English, mathematics and technology areas of the curriculum, and can address the
cross-curriculum priority area of sustainability. Different approaches to curriculum integration include rich
tasks, problem-based learning, technology-based projects, a thematic approach, a cross-curricular approach or
being involved in local community projects (Venville, 2004). An integrated approach to science can provide
children with more meaningful connections to the real world. Further, an integrated approach may provide
children with the opportunity to receive more hours of science a week.
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The planning process

The planning process involves developing sequential lessons that will logically progress children’s knowledge
and understanding of content, skills, values and attitudes over a period of time. Thus, the sequence of
activities should be carefully considered (what children will learn and how they will learn) along with
appropriate resources and ongoing assessment.

There are many resources that educators can draw on in the planning process. These include the
Australian Curriculum or EYLF documents and supporting materials; textbooks or resource books, such as
those published for the Primary Connections program (see www.primaryconnections.org.au) or Planting the
Seeds of Science (Howitt & Blake, 2010); audiovisual media, such as movies, television documentaries, the
internet, iPad apps or YouTube; sites for possible excursions; organisations that provide incursions;
professional science teachers’ associations; government and non-government organisations; scientists; family
connections, including grandparents or a family member with a specific hobby or interest in the topic being
studied; previous programs; and educators’ brain-storming.

Some educators choose to follow closely the sequence of lessons in the Primary Connections curriculum
programs, while others modify them based on their children’s needs and interests. Still other teachers will plan
their science programs around a significant local event. Such events could include shark attacks, habitat
destruction or extreme weather events (e.g. flooding or bushfires).

A further component of the planning process relates to the educator extending their content knowledge
on the particular topic being taught. The resources mentioned above can assist educators to improve their
knowledge, along with many selective websites.
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Components of a science program

A science program must contain enough detail so it is clear what children will learn, how they will learn and
how the educator will know what the children have learnt. This detail is also required for relief staff. A term
science program should have a clear purpose, and provide detailed information for each lesson on learning
outcomes, learning experiences, classroom management, resources and assessment, or some similar
combination of these aspects. Learning outcomes provide a summary of the objectives for the lesson. Learning
experiences describe the activities children will be doing during the lesson. Classroom management identifies
whether the children will be doing individual, group or class work, or some other form of work. Resources list
all the resources required for the given lesson. Assessment provides a means to check children’s understanding.
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Constructivist approach to science planning

A constructivist approach to science planning involves three basic tasks (Garbett, 2013):

This approach places emphasis on finding out what children already know and uses this as a starting point. It
acknowledges the importance of using topics that can be directly explored and that are drawn from the
children’s immediate environment. Thus, topics are engaging for both the children and the educator. The
constructivist approach allows children to explore concepts from multiple perspectives, in depth and over time.
Activities are selected that challenge children’s ideas and assist them to further develop their ideas. Finally,
this approach encourages children to reflect on their ideas and learning.

determine children’s prior understanding

engage children in thoughtfully considered activities that challenge them to add to, clarify or re-think
their understandings

evaluate how successfully children have moved their understandings towards the accepted scientific
understanding.
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Planning with the 5E model
The 5E teaching and learning model (Bybee, 1997) is based on the constructivist approach to planning. The
model consists of five distinct yet interconnected phases: Engage, Explore, Explain, Elaborate and Evaluate.
Each of these phases has an associated form of assessment – diagnostic, formative or summative. A summary
of the 5E model is presented in Table 13.3.

Table 13.3 The 5E model

5E Description Assessment

Engage Engage students and determine their prior
knowledge.

Diagnostic assessment

Explore Provide hands-on experiences of the phenomenon.

Explain Develop science explanations for experiences and
representations of developing conceptual
understanding.

Formative assessment

Elaborate Extend understandings to a new context or make
connections to additional concepts through a
student-planned investigation.

Summative assessment of the
investigating outcome

Evaluate Students re-represent understandings and reflect on
their learning journey and teachers collect evidence
about achievement of outcomes.

Summative assessment of the
conceptual outcomes

Source: Primary Connections, 2014a.

The Engage phase involves setting the context and engaging the children in the phenomenon under
investigation, determining children’s prior knowledge and raising questions for inquiry. This phase is
associated with diagnostic assessment. In the Explore phase children are provided with a range of hands-on
experiences of the phenomenon. They have an opportunity to test their ideas and try to answer their own
questions. The common experiences provided in this phase assist in the next phase. The Explain phase is
where the children attempt to come up with an explanation of the science behind the phenomenon. The
educator will then provide the correct explanation and scientific terms that can be used in interpreting
evidence and explaining the phenomenon. These correct explanations and terms are then applied to the
common experiences the children had in the previous phase. It is important to note that an explanation of the
correct science only comes after the children have had various experiences with the phenomenon and have
tried to provide their own explanation. Formative assessment is associated with the Explore phase – it is used
to check on the children’s understanding of the scientific concepts. The emphasis of the Elaborate phase is to
apply the concepts that have been learned in the previous phase through a child-planned investigation.
Summative assessment of the investigating outcome is carried out in this phase. The final phase is Evaluate.
In this phase the children re-represent their understanding of the phenomenon and reflect on their learning.
Summative assessment of the science concepts is carried out in this phase.
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Case study 13.1  Developing a toy program

Lesley knew that her Year 2 children were very interested in toys, as they had been a favourite topic in
their daily news. She also knew from the school science plan that next term she had to teach physical
sciences (ACSSU033: a push or a pull affects how an object moves or changes). After looking through
various resources Lesley decided that the final outcome of her program would be a class toy museum,
with parents invited to come and purchase the toys the children had made. From here she developed a
science program based around the 5E model (see Table 13.4). Lesley recognised that the toy museum
theme allowed for integration across science (investigating how toys move), literacy (writing
descriptions of toys, convincing others to buy toys), mathematics (drawing plans of the classroom and
using symbols), technology (designing, making and appraising a range of toys) and humanities and the
social sciences (exploring the history of modern toys). Lesley decided to use some of the lessons
provided in the Primary Connections module ‘Push–Pull’, but to develop her own lessons to fit the
theme. Working with a school that had class sets of iPads, Lesley also wanted to utilise these in
various lessons.

Reflection

1. Look over Table 13.4 and check that you can recognise each of the Es in the 5E model.

2. Select one of the Es from Table 13.4 and think of an alternative way it could have been
delivered and assessed.

3. A balanced science program should address science content and inquiry and assist the children
in developing more positive attitudes towards science. Explain how the toy museum program is a
balanced science program.

4. An effective science program should maximise children’s engagement; cater for individual
differences; monitor student understanding through diagnostic, formative and summative
assessment; encourage open-ended questioning and discussion; link science with the children’s
everyday lives and interests; use a range of learning technologies; and provide links with the local
community. Which of these components does the toy museum program address?

Table 13.4 Lesley’s science toy museum program based on the 5E model

Lesson Learning
outcome

Learning
experiences

Classroom
management

Resources Assessment

Engage
Lesson 1

Children share
their prior
knowledge of
how toys
move.

Discuss
knowledge of
Toy Story.
Explore and
play with
different
moving toys.
Draw and

Whole-class
discussion.
Small group
exploration of
toys.
Individual
drawings.

Toy Story
book, range of
toys, colouring
pencils, paper.

Children’s
drawings and
explanations.
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explain how a
toy works.

Explore
Lessons 2–3

Children
describe how
toys move.
Children move
like the toys

Classify and
group toys
based on how
they move
(push, pull or
both). Use the
eBook Magic
app to develop
a short book
that describes
the
classification
and common
features of the
toys. Perform
push, pull,
bounce, slide,
roll and spin
actions using
movement and
gesture of the
body.

Small group
classifications.
Pairs for
eBook Magic.
Whole-class
body
movements.

Range of
moving toys at
different
stations.
Station signs.
Class set of
iPads.

Developed book.
Checklist of
children’s
movements.

Explain
Lessons 4–5

Children
explain the
terms push,
pull, bounce,
roll, slide and
spin. Children
develop a
comic strip of
how toys move
using correct
language.

Explain terms
using words
and body
movement.
Develop
storyboard for
a comic strip
of up to six
images to
demonstrate
two of the
terms. Use
ComicBook
app to take
photographs of
toys and
captions from
the storyboard.
Share comic
strips with the
class.

Whole-class
explanation.
Pairs to
develop and
make comic
strips. Whole-
class sharing.

Toys from
Lesson 2.
Paper and
pencils for
storyboards.
Class set of
iPads.

Comic strip to
check children’s
understandings of
the science
concepts and new
terms. Children’s
language used
during sharing.

Elaborate
Lessons 6–7

Children plan
and conduct an
investigation
to test how far
different-sized

Post questions
about the
investigation.
Predict
potential

Whole-class
investigation.
Individual
drawing and
description of

Four different-
sized and
weighted toy
cars, ramp,
paddle pop

Checklist of
children’s ability to
predict and
conduct the
investigation.
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toy cars travel,
with guidance
from teacher.

outcome of the
investigation.
Identify
materials for
the
investigation.
Conduct the
investigation
using informal
measurement.
Record data in
provided sheet.
Discuss the
procedure.
Draw and
describe what
they did and
what they
found.

investigation. sticks for
measuring,
recording
sheets.

Questioning
students. Drawings
and written
description of
investigation.

A range of history and mathematics lessons would sit here, with the children discussing museums and their
purpose, and then designing a layout for the class toy museum. Children would also look at the history of
toys.

A range of design technology and literacy lessons would sit here, with the children designing and
constructing their own toys, and then writing short descriptions of their toys to convince someone to buy
them.

Evaluate
Lessons 8–9

Children
represent their
knowledge
about how
their toy
moves.

Prepare a two-
minute talk
about their
toy. Practise
the talk with a
friend. Video
each other
with an iPad.
Describe what
they liked
most about the
toy program.

Individual, to
prepare the
talk. Pairs, to
practise and
video the talks.
Individual
reflection.

Access to the
toys they have
made. Class
set of iPads.

Video of talk to
check children’s
understandings of
the science
concepts.
Children’s
reflection.

While the 5E model is appropriate for children from Foundation onwards, some educators consider it
too prescriptive for children in earlier years. These educators would choose to modify the model for their
young children and specific context and may only use the first three Es. If an investigation is to be done, it is
usually highly scaffolded by the educator and done as a class or in small groups.
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Early learning centre topic planning
When planning for children in an early learning centre it is important to start with the children and their
interests or questions, and take into account their developing understandings. Planning around the child, their
family and their community makes the learning more meaningful, and allows the connection to be made
between everyday concepts and science concepts. An educator’s passions and interests can also provide a
starting point for planning.

Along with connecting to the children’s world, planning should include play-based experiences (both
intentional and free play) that provide adequate time and space for children to explore. Through repeating
actions in new play situations children can ‘consolidate their knowledge, practise new skills and better
understand science concepts’ (Aitken et al., 2013, p. 25). It is also important for educators to model a sense of
wonder and curiosity and share in the excitement of children’s discoveries. Alongside this, ‘actively listening to
children’s ideas, providing guidance rather than answers, initiating and stimulating talk, and modelling how to
think things through in a logical sequence’ result in quality pedagogy for children’s learning (Blake & Howitt,
2012, p. 297).

As highlighted in Chapter 10, science-rich environments should be used to support young children’s
scientific learning. This includes:

Including these aspects into the science learning environment respects children’s agency and provides children
with opportunities to demonstrate their understandings.

Case study 13.2  ‘Listen! It’s the sea!’

Four-year-old Emma could not wait to show her friends the large shell she had found on the beach
during her holidays. She held the shell up to Trent’s ear and said ‘Listen! Listen! It’s the sea!’ Trent
listened and looked inside the shell curiously. Emma then held the shell up to Cara’s ear and repeated
her statement: ‘Listen! It’s the sea!’ Cara’s eyes widened as she listened intently.

The three friends talked about the sea all day, sharing their experiences from the holidays. As
they played outside in the sandpit they pretended they were at the sea. Over the day the other children
in the room listened to Emma’s special shell and started talking about the sea. The educators agreed

giving consideration to the indoor learning environment in terms of colour, light, sound and materials

creating starting points for scientific learning through the use of intentional resources, such as treasure
baskets, sand, water, clay, collections or construction materials

providing resources that invite children to engage with them, such as a range of natural materials,
open-ended materials or recycled materials

using real and quality tools and equipment, such as magnifying glasses, plastic tubing and pipettes,
magnets of varying size and shape, collectors’ trays, child-sized gardening tools, large mirrors or
overhead projectors

determining how the outdoor area might be available for exploration and investigation – for example,
whether it has a garden, sandpit, building den, rocks and soil, or plants for exploring insects (Brunton
& Thornton, 2010; Curtis & Carter, 2003).
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that this should be the next topic to be covered and set about planning around the theme of the sea.
They decided that the book There’s a Sea in My Bedroom (Wild & Tanner, 1984) would be the perfect
place to start.

Reflection

1. Brain-storm a range of ideas that you could use in your teaching and learning that relate to the
sea.

2. How do your ideas compare to the mind map presented in Figure 13.1?

3. Did you consider seaweed or the use of real fish in your planning? If not, why not?

4. Think about how your ideas, or those presented in the mind map, could address the five points
for developing science-rich environments?

Practical task  Developing a sequence of lessons

Use the mind map in Figure 13.1 to develop a sequence of science activities to cover a two-week
period. The photographs in Figure 13.2 and Figure 13.3 may give you some more ideas. Compare
your ideas to those suggested in the ‘Activity plan’ for Chapter 13 that is presented in Appendix 1.

Figure 13.1  Mind map of possible ideas using the sea as a theme

331



Figure 13.2  A treasure box being used to collect ‘favourite’ shells

Figure 13.3  Children playing at the ‘fish market’
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Chapter 14, ‘Intentional teaching of science’, extends the planning process presented in this chapter and
describes intentional teaching and its purpose. It also includes detailed information on lesson planning. Case
study 13.2 is extended in Chapter 14.
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Conclusion
Planning for teaching is a complex, dynamic and creative process that requires decisions on the choice and
timing of activities along with appropriate teaching strategies in order to best support children’s learning. In
this chapter whole-school or whole-centre planning and term planning were described, with case studies
presented to demonstrate major points. The 5E teaching and learning model was introduced to illustrate a
constructivist approach to developing science programs at school. In this model children’s prior knowledge is
determined first, followed by activities to challenge children’s understanding, with various forms of assessment
used to determine learning. In early learning centres, the emphasis should be on the child, their family and
their community to make the learning more meaningful. Science planning in this setting should include play-
based experiences that provide adequate time and space for children to explore.
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Planning – the development of a logical and coherent sequence of science learning and teaching experiences
that are supported with relevant documentation and assessment.

Whole-school plan – an overview of the school’s approach to teaching science along with a scope and
sequence for science topics across all year levels.

Term planning – an overview followed by a plan for the term science unit of work.

Planning process – involves developing sequential lessons that will logically progress children’s knowledge
and understanding of science content, skills, values and attitudes over a period of time.

5E model – consists of five distinct yet interconnected phases: Engage, Explore, Explain, Elaborate and
Evaluate.

336

http://www.primaryconnections.org.au/about/teaching


337



Chapter 14

Intentional teaching of science
◈

Christine Howitt

Intentional teaching involves educators being deliberate about their actions in order to develop children’s
skills, concepts, understandings and dispositions. It is an important component of the teaching and learning
process. This chapter describes intentional teaching and its purpose. It outlines the relationship between
intentional teaching, guided play and child-directed play. The place of scaffolding in intentional teaching is
described, with a range of verbal scaffolding strategies to extend children’s science skills, knowledge and
understanding presented. The components of a lesson plan are then introduced and illustrated to demonstrate
how to plan for intentional teaching in science.

Objectives

At the end of this chapter you will be able to:

describe intentional teaching and its purpose

outline the relationship between intentional teaching and play

describe the use of science verbal scaffolding strategies as part of intentional teaching

describe the components of a lesson plan

plan for intentional teaching in science using a lesson plan.
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What is intentional teaching?
The Early Years Learning Framework (EYLF) defines intentional teaching as ‘educators being deliberate,
purposeful and thoughtful in their decisions and actions’ (DEEWR, 2009, p. 15). Intentional teaching is a
process where educators deliberately plan and instruct learning activities and experiences in order to develop
children’s skills, concepts, understandings and dispositions. It can be argued that, to some extent, all teaching
is ‘intentional’ as educators are continually making decisions about the learning environment, daily program,
resources to be made available to the children, and teaching strategies to be used.

The process of developing intentional teaching is involved and thoughtful. Learning experiences should
be meaningful and challenging to children. A range of teaching strategies should be incorporated to help
extend children’s thinking and learning. These could include modelling, guided practice, demonstrating,
questioning, brain-storming, wondering, explaining, sustained shared thinking, or problem solving. In
intentional teaching, educators demonstrate an awareness of when to lead children, when to interact with
children and when to let children lead. Intentional teaching can occur with individual, small group or whole
class activities. Intentional teaching can also happen incidentally when educators take advantage of ‘teachable
moments’ throughout the day.

Children continually explore their world. Thus, intentional teaching can be incorporated in science
learning experiences to expose children to scientific inquiry and involve them in scientific processes. Epstein
(2011, p. 43) noted that children ‘depend on us [educators] to give them the rich environment for inquiry and
to develop their child-guided discoveries into a growing understanding of how science works.’

As summarised by Aitken et al. (2012), educators can use intentional teaching to assist children learn to
science by:

These points highlight the many varied ways in which educators can support intentional teaching in science.

acknowledging that children are highly capable and competent learners who display curiosity,
creativity and imagination

accepting that children possess a range of prior knowledge and understandings to help them make
sense of their world

developing learning experiences with specific science learning goals

providing rich science learning environments with opportunities for creative science inquiry

providing stimulating open-ended materials to support science learning

using a wide range of teaching strategies to support science learning

asking a range of relevant questions to support science learning

providing time and encouraging children to explore science experiences

modelling scientific thinking and problem solving (without solving the problems) for the children

modelling enthusiasm, curiosity and wonder of science.
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The importance of intentional teaching

As highlighted in the EYLF, educators should have high expectations of all children from birth to 5 years. In
order for children to achieve these expectations, educators must be purposeful in all decision-making processes
in relation to teaching and learning. Research findings over the last 20 years have highlighted the importance
of the ‘more learned other’ in assisting children to develop their skills and understanding. The best science
learning opportunities have been found to occur when children and adults are in meaningful conversations
while interacting with materials (Fleer, 2009). When educators engage in intentional teaching, children’s
learning is supported.

Educators have ‘expert’ knowledge and understanding of young children along with an awareness of the
holistic needs of each child. This is brought to bear in planning and setting goals for each child. Through
their purposeful, intentional teaching; use of resources such as the environment, equipment and materials; and
their positive interactions with children, educators are in a unique position to assist in the development of
young children.

Practical task  What intentional teaching have you seen?

Think back to a science learning experience you saw on your practicum. Consider just how
‘intentional’ this was. In what ways did the educator plan and instruct the learning experiences?
Consider the learning environment, activities, resources and teaching strategies used. Were there
specific science learning goals for this science learning experience?

Case study 14.1  Drawing a seedling – intentional teaching

This case study is adapted from Preston (2016). Young children have been found to draw what they
know rather than what they see. Use of intentional teaching of drawing techniques can guide children
to draw what they see, assisting them to make more accurate scientific observations.

The 5-year-old children were doing a unit of work on living things. The children had germinated
seeds in a ziplock bag stuck to a window so that they could observe the process of germination. The
seedlings were then transferred to small pots so the children could continue observing them grow. The
goal of this particular lesson was for the children to accurately draw and label a seedling. The
simplified steps of the lesson are presented below. For more detail and examples of drawings, see
Preston (2016).

1. Show the children a photograph of a simple plant seedling (which will only have a few leaves
and no flowers).

2. Model how to draw the seedling by drawing two incorrect seedlings first and then the correct
one. For example, the first drawing could have a flower and the second could have many leaves.
Ask the children if the drawing looks like the actual plant seedling. Enhance the children’s
observation by asking how the drawing is different to the actual seedling. Think aloud the
mistakes you have made in the drawing. For example, ‘I don’t draw a flower if my plant doesn’t
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have a flower’ and ‘I don’t draw many leaves if my plant only has a few leaves.’ Describe in detail
the actual seedling and then draw it.

3. Ask the children if the drawing looks like the photograph of the plant seedling.

4. Show the children another plant that they have to draw. As a class describe the features of the
plant. How many leaves are there? Where are the roots, and what do they look like? What colour
is the stem? Label the parts of the plant with the children’s help.

5. Children now draw and label their own plant.

Reflection

Consider Case study 14.1 and the following questions:

1. How many of the 10 dot points presented earlier in the chapter (based on Aitken et al., 2012)
on how educators can use intentional teaching to assist children learn science can you recognise in
Case study 14.1?

2. Describe the range of teaching strategies used within this lesson. Why has the educator
incorporated failed attempts at drawing as part of her pedagogy? Would you use this as one of
your teaching strategies? Explain your answer.
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Intentional teaching and play
Intentional teaching, guided play and child-directed play can be viewed as complementary teaching
approaches, with all three belonging in a balanced early years learning program. In all three approaches the
educator is central to providing significant teaching and learning opportunities and supporting and extending
children’s learning (Dockett & Fleer, 2002). More explicitly, all three involve the educator considering the
specific needs of the children, providing appropriate teaching strategies, creating an appropriate learning
environment, and providing appropriate resources for the children.

Guided play is the purposeful use of co-constructed play where educators and children work together to
achieve explicit learning outcomes. In guided play the educator manages the environment, resources and
classroom interaction with the purpose of achieving the specific outcomes. Common with intentional
teaching, guided play activities can be used to develop skills, concepts, understandings and dispositions
through a range of shared learning activities and experiences. Within guided play activities there is a
continuum of educator assistance and support that varies from brief, in the moment of shared interactions, to
sustained intervention with scaffolding. The educator actively participates in the play context, sometimes
leading, co-constructing, guiding, listening and responding as the play activity unfolds (Rice & Rohl, 2011).

In child-directed play, the educator creates an environment that offers opportunities for discovery and
challenge, with the aim of encouraging children to actively construct their own learning experiences. Children
may choose how, when, with what and with whom to engage and interact.

Figure 14.1 Mase demontrates his concentration when free drawing

Case study 14.2  Guided play with seed pods and intentional teaching

This case study is adapted from Blake and Howitt (2012). Sydney and Bryce (both 3 years old) were
standing around the nature table with an educator. They were looking at the assortment of natural
objects placed on the table: a range of different sized seed pods, leaves, bark and a bird’s nest.
However, they were not touching any of them. The educator started talking about the different seed
pods on the table, describing some to the children by highlighting similarities and differences. She
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then asked the two children to use their senses to find the differences between a gum nut and a pine
cone. Both children participated, but showed little interest. The educator then suggested that the
children sort the seed pods into two groups – big seed pods and small seed pods. After the seed pods
had been sorted according to the children’s definition of ‘big’ and ‘small’, they were asked to reclassify
one of their groups using the same criteria: big and small. The two children were then left to make
their own classification. Sydney sorted the pine cones from all the other seed pods, while Bryce placed
all the pods with ‘sharp’ edges together. Both children remained at the table for another 10 minutes,
eagerly playing with the materials and sharing their ideas with each other and the educator.

In this example of guided play, intentional teaching can be seen through the educator providing a
wide range of resources, developing conversations with the children, providing guidance rather than
answers, modelling actions and how to think, questioning to extend the children’s thinking, and
providing time for the children to explore the resources and their ideas. The guided play activity led to
the development of the children’s scientific skills of observation, classification, problem solving and
creativity (Blake & Howitt, 2012).

Reflection

Consider Case study 14.2 and the following questions:

1. Describe how the educator’s assistance and support varied throughout Case study 14.2. Can
you identify the different roles the educator took: leading, co-constructing, guiding, listening and
responding?

2. Take the opportunity to observe an experienced educator in a guided play situation and actively
notice the different roles they take. How have each of these roles assisted the children’s learning?

The educator is present in the play context, and is responsive to the focus and direction of children’s play. In
child-directed play children select and direct their own learning of skills, concepts, understandings and
dispositions by participating in a range of learning activities and experiences (Rice & Rohl, 2011).
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Scaffolding

Scaffolding is a strategy to enhance and extend children’s skills, knowledge and understanding that can be
readily used in play situations. Jerome Bruner first used the term scaffolding to highlight the importance of
social interaction in children’s learning and development (Nolan & Raban, 2015). Effective scaffolding
involves breaking down a task into manageable steps in order to achieve a specific learning goal, while
maintaining a responsive and sensitive interaction with children (Dockett & Fleer, 2002). As children are
active participants in the scaffolding process, their responses should guide the level of involvement from the
educator as well as the nature of that involvement. Scaffolding strategies used should be viewed in the context
of the given task or experience.

A range of verbal scaffolding strategies to extend children’s skills, knowledge and understanding are
presented in Table 14.1. These strategies include direct guidance, explanation, cues and questions,
demonstration and modelling, goals and problem identification, planning, mindfulness, and evaluating
actions. There is similarity between these questions and those presented in Chapter 5 (p. 82) in the section
titled ‘Effective questioning as part of the scaffolding practice’.

Table 14.1 Verbal scaffolding strategies with science examples

Strategy Explanation Science examples

Direct guidance Explaining what is to be done. I wonder what would happen if we
put the leaf on the water? Will it
float or sink?

Explanation Helping children interpret
information and actions.

How does … ?

Why do you think that
happened?

Cues and questions Encouraging reflection on
thoughts and actions with the
aim of clarifying thinking.

What can you see, hear,
smell, feel?

How are these similar or
different?

I wonder why that happened?

Demonstration and modelling Highlighting appropriate
strategies.

Let me show you how to …

Let’s start by …

Goals and problem identification Working out what is required
and how it might be achieved.

What do you want to find
out?

How can you make … ?

Can you find a way to … ?

Planning Determining the order of actions,
may involve breaking the task
into smaller steps.

How can we do this? What
should we do first?
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What do we need to make
this? Where can we find what
we need?

Mindfulness Keeping on track or on task. What are you thinking?

What are you
making/building?

Evaluating actions Reviewing the process. How can you show this to
others so they can
understand?

Please share with me how
this works.

What are you doing in this
photograph?

Source: adapted from Dockett and Fleer, 2002, p. 194.
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Incidental teaching

Incidental teaching is where teachers take advantage of ‘teachable moments’ to enhance children’s learning.
Taking advantage of teachable moments requires intentionality on the part of the educator, along with the use
of a range of professional knowledge, to identify and implement the next learning experience.

Case study 14.3  Incidental teaching during child-directed play

It had been raining on and off all morning. Three-year old Peta was holding an umbrella over her
head and standing underneath a dripping gutter. An educator quietly asked, ‘What can you hear?’ Peta
listened, turned with a smile and exclaimed, ‘Drip, drop, drip, drop!’

The 4-year-old class had read Wombat Stew. Kaleb and Marc were outside talking. They hurried
up to the educator and proudly announced that they had decided to make their own stew. The
educator replied enthusiastically, ‘What a good idea. What will you do first?’ The children replied that
they were going to collect some ‘leaves and gum nuts and feathers and mud’. The teacher asked, ‘They
are interesting objects to collect. What will you put them in as you collect them?’ The two boys looked
at each other and ran off excitedly to find an appropriate container.

Year 1 children Jeremy, Anya and Francois had built an elaborate ‘city’ from a range of blocks,
ramps and toys. They had worked on the construction over a period of three days. The children had
been given an iPad to take photographs of their city. The educator was sitting with the three children
looking at these photographs. She asked, ‘That is an interesting tower you have made there (pointing).
How did you get it to balance like that?’

Reflection

Consider Case study 14.3 and the following questions:

1. All three examples in Case study 14.3 highlight incidental teaching with appropriate verbal
scaffolding. Can you recognise which verbal scaffolding strategies were used? The educator used a
question to focus Peta’s attention on one specific aspect – the sound of the rain on the umbrella.
Planning was used for Kaleb and Marc to direct them to the first step of finding a suitable
container in which to place the stew ingredients. Evaluating was used in the final example with
the educator asking the children to explain how they had constructed their tower.

2. In all three examples the educator asked questions without providing answers. This approach
allows for children’s creativity and open-endedness. Explain how creativity and open-endedness
could be captured in these three examples.
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Lesson planning for intentional teaching
Lesson planning is an essential component of teaching as it provides the sequence and the timing of activities
during a given lesson. For pre-service teachers, lesson planning is even more important as the plans produced
provide the structure and guidance for each lesson. This, in turn, gives pre-service teachers the confidence to
deliver lessons. Prior preparation is extremely important in teaching. Detailed lesson plans assist in being fully
prepared for each lesson taught.

Practical task  Prepare a lesson on the sea

This practical task is an extension of Case study 13.2 ‘Listen! It’s the sea!’ As a student on practicum
with 4-year-old children you have been asked to prepare a lesson on the sea. The children had been
talking about their sea experiences while on holiday. The educator had previously read the book
There’s a Sea in My Bedroom. You have been told the room is to be turned into a beach, and that your
lesson is to start this process with the topic of waves. What do you teach? How do you plan to teach
this?

Preston and Van Rooy (2007) summarised various starting points for planning lessons, depending on the
given teaching situation: a lesson that is part of a particular topic, a lesson that seeks to develop specific (skills
and/or content) outcomes, a lesson that is built around an activity, or a lesson that fosters the development of
children’s understanding of a concept. Each approach leads to different content within the lesson plan.

Lesson plans consist of various components: lesson objectives; connections with the Australian
Curriculum or the EYLF; children’s prior knowledge; resources; the lesson itself, which consists of an
introduction, body and a conclusion; timing of the lesson; classroom management during the lesson; and
assessment/documentation. Table 14.2 presents a detailed lesson plan for introducing the subject of waves to
4-year-old children. Various points from this lesson plan will be discussed below.

Good lesson plans will show a clear connection between objectives, the lesson body and
assessment/documentation – as all three of these will be targeting the same concept covered in the lesson.
Objectives state what children should achieve by the end of the lesson. Only two to four objectives are
required. Objectives should be specific, measureable, attainable, realistic and time-targeted. An acronym to
remember this is SMART. Objectives should always start with a verb that describes what the children will be
doing. In Table 14.2 the objectives start with ‘express’, ‘describe’ and ‘relate’.

Table 14.2 Detailed lesson plan for exploring waves

Group: 4-year-olds Topic: The sea

Date, time: 25 minutes Lesson 2: ‘Exploring waves’

Specific lesson learning objectives (What will the children learn in this particular lesson?)

At the conclusion of this lesson each child should be able to:

express interest and curiosity about turning their room into a beach
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Links to the EYLF

Outcome 4: Children are confident and involved learners:

Outcome 5: Children are effective communicators:

Children’s prior knowledge

Preparation (classroom layout, resources, grouping)

Have ready access to:

Time Lesson progression (Include: introduction, lesson
steps, activities, focus questions and conclusion)

5 min Introduction (whole group on mat)

1. Show the cover of the book There’s a Sea in
My Bedroom. Ask who remembers this book
from the other day. Can they remember what
the story was about?

2. Re-read the book with an emphasis on the
pictures, highlighting all the things that
represent the sea.

15 min Body (whole group on mat, moving to groups of six)

3. Tell the children we will be turning their
room into a beach over the next two weeks.

4. Ask: ‘Let’s think of some things that were in
the story that we could have in our room?’

describe what waves look like, sound like and (might) feel like

relate the waves in the YouTube clip to the blue sheet in the room.

children develop dispositions for learning such as curiosity, cooperation, confidence, creativity,
commitment, enthusiasm, persistence, imagination and reflexivity

children transfer and adapt what they have learnt from one context to another.

children express ideas and make meaning using a range of media.

children have read the book There’s a Sea in My Bedroom.

a mat area with whiteboard and pens to record children’s ideas

the book There’s a Sea in My Bedroom

a YouTube clip showing waves (or own short video of waves)

blue sheets to represent the waves

a prepared Y-chart (what does the sea look like, sound like and feel like?)

a camera.
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Record ideas on whiteboard.

5. Tell the children that today we are going to
add waves to our room.

6. Ask: ‘What do you know about waves?’

7. Record ideas on the whiteboard.

8. Show a YouTube clip of waves on a beach.

9. Add children’s ideas to the Y-chart on what
waves look like, sound like and (might) feel
like.

10. Introduce the blue sheet as waves. ‘Do you
think we could pretend these big blue sheets
are the waves?’ ‘How can we get the sheets to
move like the wave in the YouTube clip?’

11. Allocate six children to a sheet (three at
each end). Let them try all their ideas to make
waves with the sheets. Practise small waves and
big waves. All children have a turn. Take
photographs of the children. Record language
being used by the children.

12. Place sheets on ground. ‘Who would like to
pretend to swim in the sea?’

5 min Conclusion (whole group on mat)

13. What have we found out about waves
today? How did we make big waves? How did
we make small waves?

14. Leave sheets out for children to play ‘waves’
during the day.

Assessment/documentation for children’s learning

What will you assess/document? How will you assess/document? What evidence will
you collect?

Develop a 1–2 page summary of what the
children did to show parents based on:

All lesson plans should have connections to appropriate documents such as the Australian Curriculum or
the EYLF. The activities presented in a lesson must align with these documents, and in particular the
appropriate year level within the Australian Curriculum. Be aware of the prior knowledge the children bring
to a lesson as each science lesson should be sequential from the previous lesson. Being fully prepared for

express interest and curiosity about turning
their room into a beach

describe what waves look like, sound like and
(might) feel like

relate the waves in the YouTube clip to the
blue sheet in the room.

the Y-chart

photos of the children with the sheet and
their associated language.
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teaching means making a list of all resources required during a lesson. Table 14.2 illustrates each of these
three components.

The teaching in the lesson consists of three parts: an introduction, a body and a conclusion. The
introduction should set the context for the lesson and should engage the children so they are motivated about
learning. It may connect directly with a previous lesson (as in the example in Table 14.2) or it may determine
children’s prior knowledge. The body of the lesson involves a range of activities that develop the concept to be
covered. Here it is important to consider what activities are to be offered and how many, how the class is to be
organised (are children working individually, in pairs, small groups or as a whole class), the timing and the
location of the activities. A range of focus questions to encourage discussion should also be included. Focus
questions in the ‘Exploring waves’ lesson are: ‘What do you know about water?’ and ‘How can we get the
sheets to move like a wave in the YouTube clip?’ Additionally, a lesson should include teaching strategies to
support children’s learning. The conclusion of the lesson provides a recap of what has been covered in the
lesson and the opportunity to highlight major concepts. It also tells the children the lesson has finished.

The final component of a lesson plan is assessment/documentation. This component provides assessment
of the children’s learning. What is assessed relates directly to the objectives of the lesson. How the objectives
are assessed is based on the various forms of evidence of the children’s learning that can be collected during
the lesson. A detailed discussion of assessment/documentation is presented in Chapter 15.
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Science activities and materials

Prior preparation is essential when conducting science activities. To ensure that the lesson will go smoothly, it
is important to be familiar with the actual activity and to have all necessary materials at hand.

When choosing science activities to use, always check the materials required and the steps involved in the
process. Never assume an activity will work just because you read it in a book. Always ‘rehearse’ the activity
before doing it with children. This will help you to identify the adequacy of the materials and the
appropriateness of the steps, and gain confidence in yourself. If necessary, find alternative materials or use
simpler steps, depending on the capability of your children.

Science tends to use a wide range of materials. Many of these can be purchased from the supermarket or
a hardware store. Experienced educators tend to have favourite science suppliers from whom they purchase
more specialised equipment (for example, magnifying glasses). Recycling depots are also excellent places to
pick up a wide range of materials that can be used for teaching across all areas. Additional information on
materials is presented in Chapter 10 on the science learning environment.

Practical task  A third lesson on the sea

What might be a third sequential lesson on the sea for these children? Write a lesson plan
incorporating the various components that have been described: lesson objectives; connections with
the EYLF; children’s prior knowledge; resources; a lesson with an introduction, body and a
conclusion; timing of the lesson; classroom management during the lesson; and
assessment/documentation.

Practical task  Develop a lesson plan for ‘Drawing a seedling’

Develop a detailed lesson plan from Case study 14.1 around assisting the children to draw accurate
representations of a seedling. Remember to incorporate the various components that have been
described: lesson objectives; connections with the EYLF; children’s prior knowledge; resources; a
lesson with an introduction, body and a conclusion; timing of the lesson; classroom management
during the lesson; and assessment/documentation.
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Conclusion
This chapter described intentional teaching and why it is an important part of teaching and learning.
Intentional teaching is an involved and thoughtful process where educators deliberately plan and instruct
learning activities and experiences in order to develop children’s skills, concepts, understandings and
dispositions. The relationship between intentional teaching, guided play and child-directed play was presented
and illustrated. A range of verbal scaffolding strategies to extend children’s science skills, knowledge and
understanding were also presented. Lesson planning was described and illustrated as a means to develop
intentional teaching, as it provides the sequence and the timing of activities during a given lesson.
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Intentional teaching – educators being deliberate, purposeful and thoughtful in their decisions and actions.

Guided play – co-constructed play where educators and children work together to achieve explicit learning
outcomes.

Child-directed play – play where children choose how, when, with what and with whom to engage and
interact.

Scaffolding – a strategy to enhance and extend children’s skills, knowledge and understanding that can be
readily used in play situations.

Verbal scaffolding strategies – scaffolding strategies that include direct guidance, explanation, cues and
questions, demonstration and modelling, goals and problem identification, planning, mindfulness and
evaluating actions.

Incidental teaching – unplanned teaching that occurs when educators take advantage of ‘teachable
moments’.
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Lesson planning – lesson plans provide the sequence and the timing of activities during a given lesson.
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Chapter 15

Observing, assessing and documenting science learning
◈

Coral Campbell

Educators are required to determine what children know and understand so that they can effectively enhance
children’s learning opportunities. Evidence of learning may be based on how children explore and interact
within their environment or through specific competency tests. Data relating to science learning is usually
obtained through a process of observation, anecdotal note-taking, journal entries, checklists and folios of
children’s work. However, this data needs to be analysed by considering the full picture – who the child was
playing with, what they were doing, what science underpinned the play activities and the children’s
dispositions at the time. The determination of children’s science knowledge and understanding and of
children’s development may be easier said than done. This chapter describes and provides examples of
children’s learning in science with reference to the EYLF (DEEWR, 2009a) and the Australian Curriculum:
Science (ACARA, 2015), which together provide a comprehensive framework for decision-making about
children’s learning as well as enhancing educators’ planning for future learning.

Objectives

At the end of this chapter you will be able to:

describe and document children’s learning in science with reference to the Early Years Learning
Framework (EYLF) and the Australian Curriculum: Science

describe ways in which children’s explorations can demonstrate and enhance their understanding

describe different strategies for observing, monitoring and documenting science understanding.
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Children’s learning
The EYLF (DEEWR, 2009a) advocates that children learn through play and that play-based learning is ‘a
context for learning through which children organise and make sense of their social worlds, as they engage
actively with people, objects and representations’ (p. 3). Within play-based learning, the role of the educator is
crucial for developing children’s understandings of the world around them and the science within it.

The EYLF proposes that educators can enhance children’s learning by:

Chapter 13, ‘Planning for teaching science in the early years’, discussed how educators can plan for learning
through play, both intentional and focused. In considering this planning, we need to reflect on what questions
educators should ask themselves as part of the planning process. These questions are focused on children’s
prior knowledge, motivation, what children want or need to learn and what the best approach to take is with
each of these. When planning learning experiences, the educator is also making decisions about the learning
expectations, and how to assess the children’s learning.

The Australian Curriculum: Science (ACARA, 2015) for Foundation to Year 2 (which caters for
children aged 5–8 years) has as its focus ‘awareness of self and the local world’. As described in Chapter 3,
‘Science in the Australian Curriculum’, children’s learning in these early years of school should be centred on
their exploratory and purposeful play in their immediate environment. As part of the assessment, monitoring
and reporting process in schools, educators should focus on the set ideas indicated in the Australian
Curriculum: Science. They may access sample programs from resources such as the Primary Connections
units of work (discussed in Chapter 13), which are integrated across other curriculum areas and provide
examples of possible assessment.

adopting holistic approaches

being responsive to children’s questions

planning and implementing learning through play

providing intentional teaching

creating environments that have a positive impact on learning

valuing the social and cultural contexts of children and families

facilitating continuity of experiences and enabling success

assessing and monitoring children’s learning. (Adapted from DEEWR, 2009a, p. 14)
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Background research on children’s learning

With the introduction of the EYLF (DEEWR, 2009a), the focus in early childhood centres shifted from
incidental learning through play to delivering a planned curriculum, with play as the vehicle to achieve this.
This intentional, discipline-based teaching has changed the pedagogical focus of early childhood educators.
Educators have to re-think what constitutes a ‘learning experience’ and also reflect on practices they can
implement to support the new approach. Goodfellow (2009) indicated that ‘the goal is to enrich children’s
learning experiences through purposeful actions by educators in collaboration with children and families’ (p.
2). Providing an attractive and interesting environment is not sufficient to stimulate deep learning and
sustained engagement (DEEWR 2009b). Furthermore, Arthur (2010) supported the idea of strong guidance
by the educator when she stated that ‘intentional teaching reflects a socio-cultural approach to learning which
emphasises the value of an experienced educator building a scaffold so that the child moves to higher levels of
understanding’ (p. 10). An example might be thinking about a child exploring a plant growing. Using an
incidental approach only, the educator might move towards the child’s play and ask questions related to what
the child is doing. Using a more ‘intentional’ approach, the educator might try to relate what the child is doing
to other things she knows about the child (i.e. build links to prior learning), or bring other children into the
experience to promote the learning further (i.e. socially embed the learning).

However, some early childhood educators are not comfortable with engaging in ‘guided learning’ or in
educator-led practices, or intentionally planning for discipline-based learning outcomes to occur through
children’s autonomous actions during play (Campbell & Jobling, 2009; Edwards & Loveridge, 2011).
According to the EYLF, ‘Curriculum decision making is informed by the context, setting and cultural
diversity of the families and the community’ (DEEWR, 2009a, p. 45). The quality of the child’s experience is
enhanced when early childhood educators know about the concepts and look for opportunities during play to
foster understanding in children (Cullen, 2007). Siraj-Blatchford (2004) also commented that ‘Effective
pedagogy is both “teaching” and the provision of instructive learning and play environments and routines’ (p.
6).

Educators at all levels employ a range of verbal scaffolding strategies that aim to effectively help children
to extend their knowledge, understanding and skills (Dockett & Fleer, 2002). These include direct guidance,
explanation, cues and questions, demonstration and modelling, goal and problem identification, planning,
keeping on track and evaluating actions.
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Observing science learning
Much of an educator’s time is spent observing the children in his/her care. This observation forms the basis of
their judgements about behaviours, dispositions and learning. However, for this observation to be used as a
means of analysing a child’s knowledge or understanding in science, the educator needs to be aware of the
context of learning. Fleer (2009, p. 287) highlighted that to understand a child’s science knowledge, the
educator needs to be aware of ‘the social contexts which permit authentic understanding of young children’s
thinking in science’. There is recognition that, particularly for children, learning is strongly contextualised and
that to fully understand young children’s thinking we need to understand the context which enabled the
learning. Tytler, Peterson and Prain (2007) found that young children’s understandings fluctuated depending
on the context they found themselves in.

The implications for the educator are that observations of children’s learning should be accompanied by a
description of context. As context differs, the children’s understandings might flex and be impermanent. An
observation, analysed against an understanding of the key science ideas, can be recorded as children learning.
However, for an educator to have faith in the academic judgement of learning, repeated observations of the
same understanding in different contexts should to be made to be certain of the science learning.

Observation of learning is related to finding out what children do know and what they can do. It is not
about what they cannot do. In observing children, an educator should be focusing on children’s strengths and
taking in the entire learning experience.

Practical task  Seeing the science in an everyday activity

Observe what children are doing in the photograph in Figure 15.1 and describe the context as fully as
possible.
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Figure 15.1  Observe the children in this photograph

Having now described the context, can you indicate what science is involved in this ‘snapshot’ of
the activity? Are you able to differentiate the possible learning between the children? What does the
child at the bottom know? What does the child at the top know?

Observations may help educators in their decision-making about curriculum and instruction, as well as
helping to determine how much progress children are making. Observations may be informal or formal.
Informal observations include the educator noticing how children respond to a task or questions and may
include their gestures, such as a puzzled look, hand-raising or lack thereof. Formal observations are usually
linked with a specific learning outcome and recording strategy.

However, the other element of observation is that of a child, who through play, is experiencing a ‘science
phenomenon’. The experience is recorded in the child’s mental schema and revisited when the phenomenon is
experienced again. Repeated success may lead the child to developing some understanding which may be
observed by the educator. However, an intentional educator will provide further opportunities for the child to
experience and clarify the understanding. Hence, observation is usually linked with educator involvement in
the learning.
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To be able to accurately determine science learning as it is happening through the observed experiences
of children’s play, the educator needs to have a reasonable understanding of the science. One way to do this is
through the observation of common activities in early childhood centres or schools which have science implicit
within them. Table 15.1 provides examples of various phenomena and the science associated with them.

Table 15.1 The science and language of various science phenomena

Type of activity or phenomenon
observed

Possible language link Area of science

Child balancing on a rock Balance Physics – force

Child rolling down a hill Roll Physics – force

Children mixing ‘potions’ Mixing Chemistry – physical change

Child playing with water Floating Physics – force

Child watering plants Plant drinking Biology – requirements of living
things
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Documenting and assessing
Accurate observations and comprehensive documentation allow educators to monitor and assess children’s
learning in a range of experiences. According to the EYLF (DEEWR, 2009a), educators, through adopting a
range of approaches for observing, gathering and documenting children’s learning, are able to:

While using the learning outcomes of the EYLF, educators can monitor children’s progress and provide
effective measures for enhancing children’s learning. The EYLF advocates that educators should engage
children as active participants in recording and reflecting on their own learning. The sharing of this
information with parents and caregivers supports children’s learning beyond the early childhood centre.

Assessment for children’s learning refers to the process of gathering and analysing information as
evidence about what children know, can do and understand. It is part of an ongoing cycle that includes
planning, documenting and evaluating children’s learning. (EYLF, p. 17)

use evidence to inform future planning

reflect on the effectiveness of teaching

make judgements about a child’s developing capabilities and respond in appropriate ways

reflect on and evaluate their planning program and pedagogical practices.
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Documenting science learning: what do we do?

Earlier chapters have discussed how children learn science and the importance of science in children’s lives. It
is equally important that an educator plans for science experiences (as described in Chapter 13) and is able to
monitor children’s understanding and progress. Of course, there are many questions an educator can ask, such
as:

1. What do we monitor or assess?

2. How often do we monitor or assess?

3. Why do we assess?

Both informal and formal monitoring, documenting and assessing require three different approaches.
Diagnostic assessment (probing for prior understanding) helps determine what a child already knows.
Formative assessment, occurring while children are undertaking a science exploration, provides information
about children’s growing understandings, which assists the educator in the development of further learning
experiences. Finally, summative assessment relates to progression of learning and is the final reporting of
achievement. Chittendon and Jones (1998) commented:

Interest in science assessments brings the opportunity to explore methods that require a central role for
early childhood science teachers … For teachers, recognizing the science in children’s behaviour may well
be more problematic than observing children’s development as readers and writers, in part because of the
teachers’ own limitations of content knowledge. In addition, the boundaries of the child’s development as
a ‘scientist’ are less clear. Children’s ways of figuring out how the world works are not constrained by
science lessons but cut across the curriculum areas. (p. 1)

These points argue for greater involvement of educators in the documentation and analysis of children’s
science learning, both for professional development of the educator and for the design of appropriate
assessments.

When we consider monitoring, documenting and assessing, it is important to use a range of different
strategies that relate to children’s learning requirements. During any activity or learning experiences, the
educator needs to share the learning goals with the children and provide effective feedback to the children

scientific conceptual growth – children’s developing understandings

inquiry skills (process knowledge)

skill development

scientific attitudes and responsibility

scientific communication.

before, during and after an experience.

to improve children’s learning by informing our teaching

to improve the content and delivery of our teaching

to inform children and parents

to meet the accountability requirements of the various governing bodies.
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during their explorations. The monitoring, documenting or assessment should identify a child’s current level
of learning achievement, the next level up and any gap. It should also provide feedback about how to close the
gap and engage the learner in using the feedback to close the gap.

There are a large number of ways to gain information about a child’s learning: oral presentations, posters,
or models; self/peer assessment; portfolios; concept mapping; interviews/questioning; observations; rubrics;
representational challenges; writing; performance assessment and problem-solving; and practical assessment.
Three of these approaches are described below.

364



Monitoring, documenting and assessing using interviews

With young children, the term ‘interview’ is loosely employed to describe any concentrated opportunity the
educator uses to ask a number of well-focused questions about a conceptually related science idea. This can
occur when children are playing or exploring, or through a specific experience devised by the educator. The
main purpose of the questioning is to elicit children’s understandings so that the educator can more
purposefully inform their own teaching. Educators can identify children’s alternative concepts, gaps in
understanding or areas that need additional clarification. They can observe how children apply their
knowledge to the questions asked of them. When children are playing with objects, the educator can
document the skills employed by the children and the content-specific procedures they use.

Practical task  Using interviews about living things

This task allows educators to determine children’s understanding about living things. Children are
provided with a range of photographs of living things (such as those below) and are asked questions
about how they would categorise the photographs and why they made their choice.

Figure 15.2  A range of photos for using interviews about living things
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Possible questions to ask include:

1. How would you group these living things?

2. Why do they belong together (assuming children have placed all the dogs together or the
monkeys together)?

3. How are the groups different?

Depending on the age of the children or on their level of conceptual development, the educator may
introduce the idea of ‘humans as animals’ or species (similar characteristics, capable of breeding).
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Monitoring, documenting and assessing using observations

As indicated earlier in this chapter, and in previous ones, it is now accepted that children learn through the
construction of their understanding or meaning, usually through social situations. Therefore, as educators
observe children in science play and explorations, they should consider all factors as contributing to the
learning. For example, while watching children playing with small insects from a garden, educators should be
aware of the children’s interactions with each other, as well as their interactions with the animals and the way
they behave individually. Educators would not only be watching what the children do, but also listening to
what they say to each other. They should also be aware of the need to come into the discussion with a
focusing question or some other form of scaffolding to assist children’s learning. The observation of children
learning needs to take all these factors into consideration. As indicated by Fleer and Robbins (2004), such
observations are:

vibrant, reflective and complex. The focus shifts from what the individual in isolation can or cannot do,
to the dynamic interplay of pairs or groups of children, or children and adults, noting the scaffolding,
supporting, extending, leading and following … Without this, we may run the risk of not only missing
vital aspects that are helpful in understanding how both individuals and groups of children are learning
and developing, but we might possibly ‘get it wrong’ in our interpretations. (p. 25)

The EYLF (DEEWR, 2009a) places emphasis on holistic learning, taking into account children’s identity,
wellbeing, confidence as learners, communication skills and connectedness to their world. Effective
observation of the children and their circumstances will lead to effective planning and further support of a
child’s individual learning pathway. The educator needs to form sensitive and attached relationships with
children to ensure that observation is carried out on multi-sensory levels. This is particularly relevant for
young children. Gandini and Golhaber (2001) observed that the educator’s role is ‘to construct a shared
understanding of children’s ways of interacting with the environment, of entering into relationships with other
adults and other children and of constructing their knowledge’ (p. 125). Formal observations, which tend to
include a recording of children’s understanding, are usually planned and include a number of recognised
strategies:

In school settings, the science learning may be more structured in approach, but will still contain elements of
scaffolding, even through the assessment process. Scaffolding can include, but is not limited to, underlining
key words in instructions to a child; providing pictures, diagrams or story maps; clarifying what should be
included in a child’s response; indicating what materials may be used; providing some background
information; reminding children of prevous discussions; giving hints; asking a child to focus on certain things;

discussions – these can provide information about children’s understanding, identifying children’s
process skills and thought patterns

anecdotal records – these are usually written records of children’s behaviour/learning (e.g. children’s
understandings, questions and possible misunderstandings)

checklists – these may be used to evaluate knowledge, skills or attitudes (benefits of using checklists
include that they are time-saving and can focus on individual children; as documented evidence of a
child’s progress, checklists are useful for discussions with children and parents).
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or providing the children with a checklist they can use to check their work. Scaffolding becomes part of the
task and should be provided to all students.

Set learning outcomes are determined at the point of planning, so the educator has pre-planned aspects
of assessment that need to be monitored. In the EYLF these are very broad when applied to science. In the
Australian Curriculum they are more defined (see Chapter 2 and Chapter 3). Observation, anecdotal notes
and the successful completion of specific tasks can be tools used by the educator to monitor children’s
learning.

Observation is one of the primary means of collecting information or evidence of children’s learning. For
an educator, busy with 20 or more children, how can observations remain in their mind? How can the
recording of this learning consider all factors and be kept for future reference? This is the single most difficult
aspect of monitoring children’s learning. There are a number of possibilities of recording. The educator could,
at that time and instant, write up comprehensive anecdotal notes of what has happened to indicate learning.
The educator could take a digital image of the learning and later in the day write notes to accompany the
image, using the image to stimulate recall. Finally, the educator could write up brief key words for use as
memory stimulants of the learning experience for further elaboration at a later time.

Case study 15.1  A simple recording tool

Rebecca, working in a small rural pre-school, came up with a recording strategy that worked for her.
With 20 lively 4–5-year-old children, she was aware that her time for recording was limited. Rebecca
developed a simple grid of blank squares (4 × 5) on one A4 sheet of paper. In each grid, she typed a
child’s name in the top left-hand corner, leaving space in the rest of the grid square for her comments
to be inserted. She copied enough single grid sheets for each week of the term and placed them in an
open binder on her desk. When she observed learning she would record it in brief points in that child’s
grid and in the others’ if it was shared learning. At the end of each week, during her planning time,
Rebecca wrote out more comprehensive notes on each of the learning incidents and placed these in the
child’s portfolio. Sometimes she took photographs as well. At the end of each week, Rebecca was
aware of which children had demonstrated learning that she had been able to ‘capture’ and those
children she had missed. She then made a concerted effort to observe the other children in the
following week and to determine whether she needed to spend more time with them, scaffolding their
learning.
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Monitoring, documenting and assessing using rubrics

A scoring rubric is a brief, written description of different levels of a child’s performance. All rubrics contain
the level of performance expected and the rating that should be allowed for different levels of performance.
One really useful aspect of using a rubric is that it allows a child to view their work relative to a desired
standard or achievement. There are two basic types of rubric: one measuring the overall quality of the work
rather than specific details, and the other assigning points for virtually every aspect of a child’s performance.

Rubric criteria may include understanding of concepts, use of higher-order thinking ability, level of
creativity, presentation, or level of collaboration. Table 15.2 presents an example of a science rubric based on
Foundation level biological science in the Australian Curriculum: Science. The table also presents information
relevant to the strands Science as a Human Endeavour and (Science) Inquiry Skills,

Table 15.2 Science rubric for the Foundation level of biological science (‘living things have basic needs,
including food and water’)

Level of
understanding of
science content

Use of scientific
language

Science as a Human
Endeavour

Science Inquiry Skills

Living things have
basic needs, including
food and water.

Science involves
exploring and
observing the world
using the senses.

Planning and
conducting.

Processing and
analysing data
and information.

Exploring and
making
observations by
using the senses.

Communicating.

4 There is evidence that
the child has a full and
complete
understanding.

Excellent use of
scientific language,
demonstrating
understanding of the
terms.

The response reflects a
complete synthesis of
information.

The child displays
excellent science
inquiry skills.

3 There is evidence that
the child has a good
understanding.

Good use of scientific
language,
demonstrating
understanding of the
terms.

The response reflects
some synthesis of
information.

The child displays
good science inquiry
skills.

2 There is evidence that
the child has a basic
understanding.

Occasional use of
scientific language,
demonstrating some
understanding of the
terms.

The response provides
little or no synthesis of
information.

The child displays
science inquiry skills.
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the child has some
understanding.

language. addresses the question. skills evident.
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Documentation of science learning
The documentation of learning in an early childhood setting should include what children do and say, as well
as the interactions between children. It should also include the context in terms of the tools or artefacts the
children are using at the time and how they are using them. As part of the documentation process, the
educator might involve parents to gain some background to children’s prior understandings. Recording
parents’ comments, as well as the educator’s comments, can provide a more comprehensive account of
children’s learning. The documentation should be in-time and accurate, as indicated in the discussion below.
Anecdotal note-taking is a term used in a range of contexts but essentially means the notes that educators
record about a specific instance of children’s learning. To be of value, the notes should be recorded as soon as
possible after the observation and should contain a number of specific elements. These were noted previously,
but include the context of the learning, what the child says or does and with what, and how other children
interact, and any interaction with the educator. Anecdotal notes are subjective, based largely on observations,
but also on how well the educator knows the children. It is for this reason that other documentation or
evidence is collected. This could be in the form of photographs, children’s work or children’s words
(recorded).

In Figure 15.3, the child depicts her awareness of body parts – hair, eyes, pupils, mouth, head, arms and
legs. She is also starting to form letters and recognise her name. Six months later (see Figure 15.4), the child
has already advanced in her depiction of body parts, indicating an increased awareness of her whole body. She
now draws the trunk, belly button (umbilicus), fingers and feet in addition to what was included previously.
By collecting this artwork at the time, educators were able to see the changing understandings of this child.
This example demonstrates Outcome 4 of the EYLF: ‘Children are confident and involved learners, who
create and use representation to organise, record and communicate … ideas and concepts’ (DEEWR, 2009a,
p. 35). This child is using representation to organise, record and communicate science ideas and concepts.

Figure 15.3 Learning about the body – a child’s drawing at 42 months of age
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Figure 15.4 Evidence of developing understanding of body in the same child, six months later
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Documenting using a learning story

One current strategy for observing and documenting a child’s learning and progress is through the use of a
learning story (Arthur et al., 2005). A learning story was first described by Podmore and Carr (1999) as a
narrative or storied approach to assessment that describes a child’s learning process, and is one way of
documenting that learning. Goodsir and Rowell (2010) indicated that the elements of a good learning story
include the child’s interests and achievements; their strengths, knowledge and feelings; their interactions with
peers and adults; and the influence of their family, heritage, culture and community. A learning story generally
starts with the child’s initiative or with how they have responded to a learning opportunity offered. The
educator takes a photograph of what is happening and adds a comment after discussion with the child. The
learning story can take place at one time (see ‘Josie’s Drip’ at earlylearningstories.info) or can cover a longer
period as a child comes back to further explore an activity or task. More photographs can be added as well as a
narrative of descriptive details. Towards the end, the educator analyses the learning through a ‘What does it
mean?’ approach, describing why these events are significant. The educator would then add a page indicating
what adults can do to assist this learning further. Often, parents are also given a page where they can add any
significant historical, cultural or contextual elements or perspectives.

Case study 15.2  Example of a learning story

Daniella was playing quietly in the corner of the garden on a path. We noticed a small group of
children were starting to form around her, so we went to investigate. We found that they were
watching Daniella drip water onto the path. We photographed the incident. As Daniella dripped
water, using a small cup and bucket, she was watching which way it went. ‘See,’ she said to the others,
‘it always goes that way.’

One of the others wanted to try, so Daniella handed over her water. ‘I can do it too,’ the boy
exclaimed proudly, before handing the water back to Daniella. Daniella wanted to know why the
water always went the same way. Rather than respond to the question, I asked her whether she had
tried other parts of the path. She had not, but was eager to investigate. She moved further along the
path, about two metres. This time when she dripped the water, it did not go in quite the same
direction; it seemed to go more sideways. This fascinated her and she proceeded to try other parts of
the path, still with a small group following her and watching what happened. Several more
photographs were taken. After a while, she appeared to give up. I approached Daniella and asked her
why she had stopped. She smiled at me and said: ‘I know what happens. The water is always going
downhill.’ With that she wandered off to try other adventures in the garden.

What does this mean?
Daniella was able to undertake an investigation of her own interest. With scaffolding, she persisted
with her investigation. She was prepared to share her knowledge with others and was generous in
allowing another child to try things for himself. After multiple observations, Daniella was able to
come up with a scientific reason for her observations. She demonstrated good problem-solving skills as
well as persistence and motivation.

Further learning
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As Daniella has demonstrated an ability to persist in her own investigations, we will ensure that we
provide her with other challenges of a similar nature and help her achieve some success as she learns to
solve problems and draw conclusions from evidence.
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Documenting using portfolios

A portfolio is a collection of children’s work that highlights their learning. It contains work samples, records
of systematic observation, anecdotal notes, photographs (annotated), learning stories, video snippets,
checklists, journal entries and parents’ contributions. A child’s portfolio can be in a hard copy and it can be
kept in an accessible place so that it can be easily retrieved, due to the philosophy that portfolios are for the
children and parents as well. However, many early childhood centres now adopt digital portfolios, and can
upload photographs or notes almost instantly. Parents have ready access to these. One advantage of a hard
copy portfolio is that children’s learning can be enhanced if the child has the opportunity to extract a piece of
work or a learning story and offer further elaboration. Children delight in sharing their portfolios with each
other and illustrating their learning to others.

A portfolio must have an explicit purpose to guide the decisions about what to include as part of the
portfolio. As such, a portfolio should contain a statement indicating its purpose. The portfolio should make
sense of children’s work and learning artefacts, and how this work relates to the broader context of the
children’s progressive learning. Material in the portfolio should be ordered chronologically and by category
(discipline area) as well as category of development. Portfolios are widely used in pre-school and school
settings. For examples of portfolio entries in the early school years, see the annotated work sample portfolios
provided on the Australian Curriculum, Assessment and Reporting Authority’s (ACARA) website
(www.acara.edu.au/curriculum/worksamples/Foundation_Year_Science_Portfolio_Satisfactory.pdf).

Case study 15.3  Example of a portfolio entry

David, aged 4, drew two caterpillars on the same sheet of paper (Figure 15.5). One drawing had the
segments of the body and multiple legs. The other showed a caterpillar with hairs on the body and
different dots. Both drawings indicated that there was a head end (the direction in which each
caterpillar was moving). In terms of science understandings, the educator could determine that David
had observed the insects closely and noted differences between them. He had noticed that one had a
clearly defined segmented body and both had multiple legs, with the legs starting after the defined
head.
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Figure 15.5  Evidence of David’s developing understanding of caterpillars through his drawings

Another example for a portfolio might be a systematic observation of a child at play outside. Systematic
observations should be objective, stating only what is actually seen or heard and should not include the
educator’s opinion. They should be unobtrusive, in that the educator does not enter into the play or learning
scenario. Finally, systematic observation should be carefully recorded to include all details. For example, an
educator may set up a discovery table with a range of rocks of different origins and with different features, and
then may sit at a distance recording how children interact with the display. This systematic recorded
observation can then provide the educator with information about the content of intentional teaching relating
to rocks.
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Documenting using floorbooks or children’s own records of learning

In pre-schools, some educators have been using floorbooks – books that are developed with children to
document and record their ideas and learning. Sometimes referred to as ‘Big Book Planners’ or ‘Talking and
Thinking Books’ they were developed to involve children in thinking through and talking about their
learning. The books record children’s ideas, without the educator reinterpreting what the children say. They
are used to record children’s questions for discussion and to record any subsequent reflections. Floorbooks can
promote higher-order thinking, depth of learning and collaborative learning.

Similarly, in the early schooling years, educators will often provide children with a book to create a
‘science journal’. Children can note their own observations as they undertake an exploration and record their
own questions for group discussions. The book has blank spaces to allow for drawing or writing, or for
children to stick in pictures from magazines or their own photographs. Employed appropriately, a science
journal can accurately record what children know about a topic and what they still need to learn. Using the
journal allows children to return to the exploration time and time again. They can add additional information
or just re-read what they wrote/drew previously. An educator can use the journal as a means of gaining
knowledge of children’s understanding.

Case Study 15.4  A whole-group approach

As a means of keeping parents informed of children’s learning opportunities, many early childhood
centres keep a ‘big book’ where the educator documents what planned activities the children have been
involved in as well as any child-led learning initiated across the week.

The photograph in Figure 15.6 below presents an activity that all children participated in. Using
hydrophilic beads, children observed the beads before and after the addition of water. They made
predictions of what they thought the water would do to the beads, and after observing the result in
subsequent days, detailed their descriptions of what happened. Some children were able to offer an
explanation. All children’s comments were recorded by the educators involved.

Photograph 1, Tim: ‘They will float and then blow up’.

Photograph 2, Tim: ‘They are soft like melting snowmen’.

Photograph 3, Lexi told her family how a sponge absorbs water.
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Figure 15.6  Hydrophilic beads activity
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Analysing children’s understanding in science
While observation and documentation are important, it is the analysis undertaken by the educator that adds
meaning to the observation. What learning are children demonstrating? For accurate measurement of
children’s learning, the educator must have a good understanding of science or be prepared to find this out.
This is problematic as many educators have come through schooling with little emphasis on science in general
(Campbell & Jobling, 2009). There are a number of ways to consider children’s learning. As mentioned
previously, educators are assessing and analysing children’s science understandings (conceptual), inquiry skills
(how to undertake an investigation), skill development (such as observation, measurement or reasoning),
scientific attitudes (dispositions) and communication.

In any given observation of children’s learning, educators should actively look for the science so that the
science learning is not missed due to a concentration on, for example, social learning. When children jump in
a puddle, they are investigating what will happen. They are undertaking science. When children pile blocks
higher and higher, they are investigating what will happen. Often they will repeat the investigation again and
again, just to make sure that their information is correct. They have just learnt to undertake multiple tests to
confirm findings.

With a focus on the basics of science, an educator can quickly learn the important concepts relevant to
young children’s understanding. For content knowledge, educators can focus on general broad statements of
knowledge, such as ‘Jenna understands about the living things in her environment’, or at the level of specific
information, such as ‘Jenna knows that snails have shells and that these shells have distinct patterns’. Of these
two statements, the second is much clearer about what Jenna knows and it allows the educator to build on
Jenna’s understanding in the future. In science, these statements of specific information are called ‘concepts’.
For science, there are many such statements or concepts that help educators articulate children’s
understanding at a defined level. Examples of these include:

See Appendix 2 at the end of this book, ‘Examples of simple science statements or concepts’, for many science
concepts related to areas of science knowledge and understanding.

Inquiry skills are demonstrated when a child follows a process of active exploration, using critical and
problem-solving thinking, to engage in questions of interest to them. They seek solutions to their own
questions through exploration. Consider Case study 15.2, where Daniella was interested in finding out why
the dripping water moved in a particular way. She devised a series of experiments to firstly confirm her
original observation, then she changed one of the parameters (variables), to finally arrive at a conclusion. In
this inquiry, she demonstrated a number of other science skills, including observation, investigating, fair
testing (changing only one variable), reasoning, communicating (collaborating with other children) and
problem-solving. When it comes to the demonstration of skills, educators need to consider what the
appropriate skills are that young children are able to demonstrate. Many of these skills were more fully
described in Chapter 5, ‘Approaches to enhance science learning’. The first step in an inquiry approach in

sight, sound, touch, taste and smell are very important senses we use to interpret our world

objects float if the upthrust force from the water can balance their weight

our ears are used to detect and hear sound

light travels in straight lines.

379



science requires the engagement of children in the learning process. Children’s engagement and motivation
are important aspects of learning. Campbell and Tytler (2007) note that children’s motivations includes their
values, interests, goal orientation and how they rate the importance of the science tasks. Children need to
believe that they have some control and are capable of doing the science, with a likelihood of achievement.
The context, the chosen task and the effectiveness of the teaching are all contributing factors. If children do
not become sufficiently involved in the learning task, then the best result is likely to be surface learning.

Children’s dispositions in science learning are important to ensure that children are actively involved in
their own learning. Katz (1993) defines dispositions as ‘a pattern of behaviour exhibited frequently … in the
absence of coercion … constituting a habit of mind’ (p. 16). She comments that dispositions are under some
level of conscious control and that they are influenced by interaction with others (weakened or strengthened).
The EYLF (DEEWR, 2009a) identifies a range of positive dispositions for learning within Outcome 4 – that
children are confident and involved learners. These include curiosity, cooperation, confidence, creativity,
commitment, enthusiasm, persistence, imagination and reflexivity (p. 34). Nearly all of these dispositions are
involved in science explorations. Consider, for example, children building a tall tower from blocks. They
exhibit confidence in the belief that they are capable of completing the task. They collaborate creatively as
they work together to build the tower. They persist (usually) if the tower falls down. They problem-solve to
work out how to replace fallen blocks. They demonstrate enthusiasm and commitment to the task. When
finished, one outcome might be that they reflect on the finished product and decide to build it in a different
way.

Ensuring that the learning environment promotes positive dispositions is key to being able to observe
these dispositions in children. Arthur (2010) comments that ‘active, play-based, hands-on experiences
promote enthusiasm and engagement for learning. Collaborative problem-based play environments encourage
cooperation, persistence and reflexivity, as well as deep learning and high-order thinking’ (p. 13).
Documentation of learning can be through the use of portfolios, learning stories or floorbooks. The
involvement of children in documenting their own learning is a powerful tool for improving their dispositions
for learning.

Case study 15.5  Example of intentional teaching in science and the science assessment

Lesson topic: ‘Plants’
The concept discussed in this class of 4–5-year-olds was that plants are living organisms needing water
and energy to grow and develop. The following conversation demonstrates the prior knowledge of the
children.

C H I L D  1 : The plants are alive just like me and you, all of us. And one day is gonna be
the day that we die. Just like the old trees at my house did.

C H I L D  2 : They’re living because they need water and energy and breathe and move a
little bit.

C H I L D  3 : They need the Sun but need a rest from it and a big drink, otherwise they can
die.

C H I L D  4 : Yeah, well the plants can’t run around with us in the Sun, but they are alive.
They don’t move, ya know. Only if the wind is strong.

C H I L D  5 : Because they always drink water and get wet in the rain. That’s the same for a
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C H I L D  5 : Because they always drink water and get wet in the rain. That’s the same for a
tree and for the kids playing.

From this conversation we can make some judgements about what the children already know about
living objects. Child 1 has developed a definition for ‘alive’ and can provide examples of ‘dead’ things.
Child 2 can expand the definition by incorporating some of the characteristics of living things: water,
energy, respiration and movement. Child 3 indicates that the Sun provides something for the plant
but can extend that thought to the consequences of too much Sun and not enough water. Child 4
picks up on the inconsistency in the characteristics of living things – that plants are living things even
though they cannot move freely. Child 5 cannot add a great deal in terms of content but is using his
reasoning skills in determining that some features of living things are common for plants and children.
These children already know much about what makes a plant a living thing.

The children were subsequently given the opportunity to explore the diversity of living things in
the outside environment. They were supplied with a digital camera and the educator followed them
around to guide their learning and help them confirm the characteristics of living and non-living
things. She also discussed categorising and differentiating between living things such as plants and
animals.

Learning that children acquired
The children learnt about science concepts as they explored their own environment. They scaffolded
each other’s learning and at times deeply discussed whether certain things were living, or whether to
photograph certain things. They generally had these discussions as they observed items such as wood
chips and cut flowers. Subjects of the children’s photographs included:

C H I L D  1 : Of course Catherine [educator] and the children are living things.

C H I L D  2 : I know that this tree is alive but I don’t know why it can’t move from one
place to another if it is a living thing. All other living things like people and animals
can move from walking or crawling and sliding and stuff like that. The tree never
changes spot.

C H I L D  3 : This [photograph] is the best one of living things because it has many [living
things] in one picture. There’s a bird, tree, grass and people at the bottom.

C H I L D  4 : We don’t need a photo of the bark and leaves because it doesn’t need water or
Sun anymore. When it was with the tree it needed that but now it’s dead.

Final lesson’s learning
The children confirmed their previous understandings of living things. Again, one child could not
resolve the issue of the lack of movement of the tree when he was convinced that it was a characteristic

a wide variety of trees, bushes, flowers and plants

other caregivers

children from the other group

sticks, bark chips, dirt and mulch

a bird.
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of other living things. Perhaps this was a time when the educator could have stepped in with a few
focusing questions so that the child may have realised that there is movement in plants, but it occurs
in one spot. Child 3 recognised the diversity of living things while Child 4 was able to identify non-
living things in the environment.

Children require time and multiple opportunities to grasp a single topic or concept. They need to
make sense of the world through practice and experience. Taking photographs enabled the children in
the above case study to raise questions and to make decisions about living things. To further this
activity, the children could display their photographs for others to see, or the photographs could be
annotated and included in their portfolios. The educator could facilitate the key concepts that a plant
is a living organism by writing up some of the text from the discussion. Displaying the plant in the
classroom allows the children to look at it throughout the day and subconsciously encourages them to
think about the science of plants.
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Conclusion
Children play, explore, make friends and have fun the entire time they are learning. The role of the educator is
to monitor that learning, to make sense of children’s investigations and to plan for extended opportunities for
further learning. This chapter discussed how the educator can monitor and assess the learning, using a range
of strategies for recording the developing understandings of children in science. It considered how the
educator can use child-instigated learning experiences or educator-led explorations. The chapter’s case studies
demonstrated the multiple opportunities educators have for observing, assessing or documenting science
learning in the pre-school setting and in the early years of school.
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Holistic approaches – recognise the connectedness of mind, body and spirit, as well as the connectedness of
knowledge.

Intentional teaching – educators being deliberate, purposeful and thoughtful in their teaching.

Pedagogical focus – deals with the theory and practice of teaching and learning.

Disposition – a child’s attitude, in the absence of coercion, exhibited as a pattern of behaviour.

Monitoring – observing and checking progress over time.

Documenting – collecting and recording information.

Assessing – analysing and making meaning of information about children’s learning.

Portfolio – a collection of children’s work that highlights their learning.

Rubric – a brief, written description of different levels of a child’s performance.

(Science) Inquiry Skills – skills involved in a process of active exploration as children engage in questions of
interest to them

Anecdotal note-taking – educator notes taken during activities which are used to record specific
observations of individual children.

Learning story – a narrative approach to assessment where educators record children’s learning context,
assess learning and suggest ways forward.

Floorbooks – books that are developed with children to document and record their ideas and learning.
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Chapter 16

Science education professional learning through
reflective practice

◈

Christine Howitt and Coral Campbell

Reflection is a major part of the teaching–learning process, and an essential part of professional learning, as it
assists educators in examining and reviewing their own teaching and their children’s learning. This chapter
introduces reflective practice and critical reflection. A range of strategies to assist in reflective practice are
presented. The term science education pedagogical content knowledge (PCK) is introduced and the
components of PCK are described. The importance of PCK to science education learning and teaching is
highlighted.

Objectives

At the end of this chapter you will be able to:

describe various forms of science education professional learning

describe the place of reflective practice in science education professional learning

differentiate between reflective practice and critical reflection

describe a range of strategies for reflective practice

describe science education pedagogical content knowledge (PCK) and its components, and reflect
on its importance for effective science education teaching and learning.
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Science education professional learning
Maintaining science education professional knowledge requires a commitment to ongoing learning and
reflection. Science education professional learning can take a range of forms: informal collegial interactions
about science education teaching and learning; reading science articles of interest from newspapers, journals,
websites or blogs; joining and contributing to an online science teacher community; accessing science
educational resources through organisations, websites (such as Pinterest) or blogs; trying new science
education activities and ideas; joining local science education associations; attending science education
conferences; presenting at science education conferences; becoming involved in research projects related to
science education teaching and learning; or enrolling in postgraduate studies relating to science education.
Excellent teachers of science education are committed to improving their own knowledge and understanding
of science education, how students learn science, and how science can best be taught. They are also committed
to reflecting on their own science education learning and practice
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Reflective practice and critical reflection
Teaching is a complex process that involves making decisions about yourself as an educator, the approaches to
be used in your teaching, and about the children you are teaching. Such decisions include choices of
curriculum content, strategies for learning and teaching, methods of assessment and reporting, techniques for
differentiation, and approaches to classroom management (Duchesne & McMaugh, 2016). Reflective practice
can assist educators in this process. Research into how young children learn highlights new perspectives and
approaches. To ensure that their work with children is current, relevant and effective, educators need to
question their accepted practices and the ‘taken for granted’ strategies which may have worked in the past, and
consider the place of new approaches.

Incorporated into the EYLF is a requirement that educators undertake ongoing reflective practice to
ensure that all children in early childhood settings receive quality teaching and learning. Within this
document, reflective practice is defined as:

a form of ongoing learning that involves engaging with questions of philosophy, ethics and practice. Its
intention is to gather information and gain insights that support, inform and enrich decision-making
about children’s learning. (DEEWR, 2009, p. 13)

Reflective practice focuses on the ways in which educators think about their experiences and formulate
responses as they happen (thinking in action) as well as after they happen (thinking on action). Reflective
educators draw on metacognitive (thinking about thinking) knowledge as they plan, monitor and evaluate
their teaching and their children’s learning. Further, the process of reflective practice allows educators to make
links between theory and their practice.

Critical reflection is the deepest type of reflection. It involves analysing your own and others’ thinking
and beliefs by questioning existing knowledge, assumptions, perspectives, interpretations, expectations and
values (Duchesne & McMaugh, 2016). It includes making links between your beliefs, experiences and
knowledge and how these have shaped your practice (Nolan, 2008). The process then brings all this
knowledge together to ‘re-imagine and ultimately improve future experiences’ (Ryan & Ryan, 2015, p. 16).
Critical reflection involves high levels of self-awareness – thinking and questioning about why you and your
colleagues behave the way they do. The EYLF further defines critical reflection as ‘closely examining all
aspects of events and experiences from different perspectives’ (DEEWR, 2009, p. 13). The critical reflection
process encourages the creation of new ideas and perspectives to develop quality practices, drawing on
everyday experiences and understandings, while linking to contemporary early childhood theory (Cartmel,
Macfarlane & Casley, 2012).

Practical task

Reflection on a critical incident in your life
Reflect on a critical incident that has impacted on your life. This could be something related to your
choice of career, or some other incident in your life that made you stop and take stock. What was it
about the incident that made it significant? What other factors were involved?

Reflection on a specific aspect of your practice
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Think about a chapter that you have read in this book and relate its content to your current practice of
teaching science. Write a ‘good practice’ list based on what the authors have shared in the chapter.
Based on this list, what could you do to improve your science teaching and learning? Share this
information with a colleague. What additional suggestions did the colleague add? Reflect on what you
would do, or change, to improve your science teaching and learning.
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Strategies for reflective practice
A range of strategies can be used to support reflective practice, including reflective journals and portfolios,
observation, consulting with mentors and developing a community of practice. All of these strategies can be
used to evaluate current practice in order to identify assumptions which underpin practice, assist in
determining future professional learning at the level of individual need, and map out an educator’s professional
learning journey.

A reflective journal is a written record of your experience, with the entries being examined and evaluated.
Specific questions can be used to help frame the reflective process in a reflective journal (as illustrated in Case
study 16.1). Portfolios extend the idea of the reflective journal by including a collection of materials and
resources which highlight the educator’s journey over time. Portfolios may include work samples, lesson plans,
comments about a child, or a reflective account of an incident (Duchesne & McMaugh, 2016). Most
importantly, reflective commentary should accompany the collection. Often a professional portfolio is geared
towards professional standards of practice and may be organised in such a way as to include evidence of
competence against those standards.

Observation includes others observing your teaching along with you observing others’ teaching.
Alternatively, you can audio or video record yourself. If doing any recording, make sure to gain the consent of
the children and to clearly inform them about the purpose of the recording. When others observe you, or you
observe yourself in a recording, specific aspects (such as listening skills or explanations) can be targeted and
reflected on. When observing other educators, also target specific aspects and reflect on how these may apply
in your situation.

Mentors are defined as ‘expert practitioners who take on a responsibility to share their skills and expertise
with a novice to help them to develop professional expertise’ (Duchesne & McMaugh, 2016, p. 9). Mentors
can assist by providing guidance on reflective practice, directing towards sources of information, suggesting
alternative teaching strategies, or critically appraising practice in a constructive and collaborative manner.
Mentors should have good levels of communication; be reflective; be someone you can trust; be experienced;
match your philosophy of teaching and learning; and have time to listen, talk and watch you teach (Duchesne
& McMaugh, 2016). Different mentors can perform different roles – from those who provide you with
emotional support through to senior colleagues who offer advice.

A ‘community of practice’ approach, taken from the work of Wenger (1998), is where educators attempt
to articulate to their colleagues the way they think about aspects of their profession, why they work in
different ways, and the reasons behind their decision-making. There are three elements within a community
of practice that can contribute to enhanced reflection: educators talking and thinking about their daily
practice; educators looking beyond practice to reflect on theories, curriculum and pedagogy; and educators
exploring their values and beliefs which underpin their ideas (Nolan & Raban, 2015). Educator reflection
within a community of practice can lead to ‘an ongoing cycle of review through which current practices are
examined, outcomes reviewed and new ideas generated’ (DEEWR, 2009, p. 13).

Reflective practice, and in particular critical reflection, is not easy. Most people are not socialised to be
reflective thinkers and can find the process challenging. Personal commitment and dedication to reflection are
essential, along with finding time to enable the reflective process to occur (Maloney & Campbell-Evans,
2002). Where immediate recording of information is not possible, mechanisms such as the use of photography
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for the stimulated recall of an event, or writing points on a sticky note and temporarily placing it into a
notebook, can be used. Reflections on these events can then be written later, with the photograph or note
becoming the reminder. Fear of the unknown, along with the fear of judgement by peers, can also limit the
reflective process (Richert, 1990). Honest, trusted and supportive mentors can allay such fears. All early
childhood educators should establish effective ongoing reflective practice for their own professional learning,
the appropriate development of all key elements of the learning environment, and for long term planning of
children’s development.

Case study 16.1  Sandpit reflective journal entry

Using before/after questions (as provided in Cartmel, Macfarlane & Casley, 2012, p. 6), educator
Cassie developed the following written science education reflection of a sandpit learning experience
with a group of eight 3 and 4-year-old children.

Before

Q: What are my thoughts and feelings before commencing the day’s session?

A: I am looking forward to letting the children explore the sandpit. I feel prepared. I am expecting
the children to be very excited and ask many questions. I realise that I may not be able to answer all
these questions, so I plan to write down those I am not sure about.

Q: Describe some of the plans or purposes or intentions I have before commencing today’s session.

A: We have been reading books on dinosaurs. I plan to bury some plastic and ‘clean’ real bones in
the sandpit and let the children find them, so they can role play being archeologists. I will then ask
the children what type of dinosaur and which part of the dinosaur the bone might have come from.
My goal is to encourage the children to use their imagination and their knowledge of dinosaurs in
answering these questions.

After

Q: What are my thoughts now?

A: This learning experience went in a very different direction to what I had planned.

Q: How do I understand the experience that occurred during the session? What was influencing my
understanding/practice?

A: The children were very excited about digging up the bones. Each child found at least one bone.
When I asked about the type of dinosaur, I received a range of answers depending on which
dinosaur was the children’s favourite. When I asked about which part of the dinosaur the bone may
have come from, the children had great difficulty. They were unsure of the names of the parts of
their own bodies – which made it hard to name the parts of a dinosaur body. I had not adequately
assessed their prior knowledge before doing this learning experience.

Instead, the children found a range of objects and started burying these in the sandpit. They went
inside their classroom and brought out plastic and wooden dinosaurs to bury. Some of the other
educators appeared to be angry with this, stating that ‘inside toys should stay inside’.
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Q: Did I have any internal thoughts, feelings or reactions during the session that I did not share with
my colleagues or with the children? What were they?

A: I felt embarrassed that I had not assessed the children’s prior knowledge. It showed that I need
to get to know these children more.

I was disappointed that my colleagues would set certain boundaries with toys – when burying the
toys in the sandpit and digging them up again made perfect sense to the children. This told me that
learning experiences need to be shared with all educators so that there is a whole-centre awareness
and approach.

Q: How did I come to know about those ideas?

A: It was only when the learning experience shifted direction, a result of the children following
their own interests, that I realised my well-prepared intentional teaching was perhaps too difficult
and too structured. And it was only through the children playing with the dinosaurs in a manner
that was meaningful to them that I came to realise that communication at the centre was not as
good as it should be.

Q: What would I have liked to have seen happen?

A: I would have liked to see more open-minded educators joining in with the children as they
collected objects to bury. Just think – we could have had a giant buried treasure experience! That
would have been awesome!

Reflection

The before/after questions in Case study 16.1 provided a clear structure to write a reflection.

1. How critical was Cassie in this reflection? Can you identify where she challenged her own
thinking and ideas?

2. Think about how you could use the same questions while reflecting on different science
learning experiences.
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Figure 16.1 Linc enjoys his time digging in the soil pit

395



The 5R framework for reflection

The 5R framework for reflection was developed by Bain and colleagues (2002). This framework provides a
systematic approach to develop deep and purposeful thinking about teaching and learning experiences. The
5Rs of reflection are ‘reporting,’ ‘responding’, ‘relating’, ‘reasoning’ and ‘reconstructing’. These five levels
‘increase in complexity and move from description of, and personal response to, an issue or situation; to the
use of theory and experience to explain, interrogate, and ultimately transform practice’ (Ryan & Ryan, 2015,
p. 16). A description of each of these levels is presented in Table 16.1.

Table 16.1 The 5R framework for reflection

The 5Rs Description Question

Reporting Describe the situation/issue. What happened? What was the situation/issue
involved?

Responding React to the situation/issue. What did you think or feel about the
situation/idea? What makes you feel/react that
way?

Relating Report on personal and/or
theoretical understandings relevant
to the situation/issue.

What connections are there between the
situation/issue and your experience, skills,
knowledge and understanding?

Reasoning Explore and explain the
situation/issue.

What theoretical ideas help make sense of the
situation/issue?

Reconstructing Draw a conclusion and develop a
future action plan.

How will the situation/issue impact on your
practice? How has the situation/issue impacted
your viewpoint?

Source: adapted from Bain et al., 2002.

Case study 16.2  Questioning my own questioning

The following 5R reflection was developed by Dan after an introductory lesson on the topic of ‘What
makes us alive?’ to a class of 20 4-year-old children.

Reporting
I showed the class some photographs of living and non-living things. As a class, the children
enthusiastically classified the photographs into living and non-living, based on their prior knowledge.
There was much discussion about what makes us living. To ensure that all the children had an
opportunity to contribute, I had a few set questions to ask each child.

Responding
The children made some interesting comments that could have been explored further in order to
obtain a more comprehensive understanding of their ideas of living things. I realised that there was
more I could have done to extend the conversation meaningfully. I was disappointed with my single-
mindedness to have every child contribute and therefore my restricted questioning.
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Relating
My questioning related to asking the children whether an object in the photograph was alive, followed
by an open-ended question on how the child knew this. Based on the children’s responses, there were
many opportunities to probe that I had not taken. Placing them in the living pile, Louise commented
that bees can sting and spiders can bite. This would have been a good opportunity to ask her why bees
sting and spiders bite, to find out if she ascribed purpose to this action. Phillipe noted that plants have
to drink water, and classified them as living. A small group of children agreed. This was another
opportunity lost. I could have asked the children what would happen if plants do not have water, to
see if they understood the importance of water to living things. I could have also asked if bees and
spiders need water to live.

Reasoning
In early childhood contexts, sustained shared conversations are central to the development of
children’s thinking. Learning occurs through engaging in deep, authentic conversations, which
educators can facilitate by means of open-ended questioning. Effective questioning can reveal
children’s existing knowledge, as well as promoting their thinking and reasoning. Through the use of
sustained shared conversations, I could have gained more evidence of the sophisticated nature of the
children’s ideas about living things.

Reconstructing
Children’s prior knowledge is an essential component of science instruction, as their pre-existing ideas
form the basis for the development of subsequent scientific understandings. In order to gain an
authentic and comprehensive understanding of children’s existing knowledge, the quality of my
conversations with them needs to improve. I must practise listening to children’s answers and
engaging with these responses.

Reflection

Consider the following related to Case study 16.2:

1. Note how the 5R structure increases in complexity, starting with a description of the issue in
‘reporting’ and finishing with a forward looking statement in ‘reconstructing’. Can you identify
the theoretical concept (sustained shared conversations and the effective use of questioning)
within ‘reasoning’?

2. How important is critical reflection in the process of developing the 5R reflection?
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Science education pedagogical content knowledge
Early childhood educators are required to be familiar with the content and pedagogy related to many
curriculum areas. Due to the nature of many early childhood centres, children’s explorations are privileged
through child-instigated pedagogy. Consequently, children’s explorations around key science ideas are a
significant part of young children’s learning experiences. Early childhood educators therefore require
professional understanding of science content and science education pedagogy.

Experienced science educators have strong science education pedagogical content knowledge (PCK).
PCK is ‘content knowledge transformed by the teacher into a form that makes it understandable to students’
(Appleton, 2006, p. 31); it is knowing what to teach and how to teach. Science education PCK is

the knowledge a teacher uses to construct and implement a science learning experience or series of
science learning experiences. It is a dynamic form of knowing that is constantly expanding and being
transformed from other forms of teacher knowledge, and through the experiences of planning,
implementing, and evaluating science teaching and learning. (Appleton, 2006, p. 35)

Science education PCK consists of many types of teacher knowledge including content knowledge, educator
confidence, context, educator’s orientation to learning and teaching, and knowledge of students. The
following description of these types of teacher knowledge is adapted from Appleton (2006).
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Content knowledge

Educators should have knowledge of the subject matter or the content to be taught. While early childhood
educators may say they have limited formal science content knowledge, they frequently have informal
everyday science knowledge arising from their own hobbies, interests and experiences. This is an example of
practical knowledge centered on everyday events. For example, the hobbies of gardening, cooking, along with
many sports, are all based on scientific concepts. To improve content knowledge, educators may use
descriptions of successful teaching and learning experiences or specific science curriculum resources that
include appropriate descriptions of scientific concepts. There are a wide range of science websites that provide
science curriculum resources. They may also undergo professional development sessions such as attending
conferences to improve their science education content knowledge.
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Educator confidence

Many early childhood educators tend to lack confidence in their own ability to teach science, in the adequacy
of their own science knowledge, and in their ability to learn science for themselves (Campbell & Jobling,
2010). This lack of confidence tends to be due to their limited science content knowledge. Educators with
very low levels of confidence may avoid teaching science altogether, thus developing little or no science PCK.
To improve confidence, educators may use detailed descriptions of experiences that work and detailed science
curriculum resources, be mentored or co-teach science with an experienced educator, seek out conversations
with other educators to exchange science experiences that have worked or other aspects of science education
PCK, or observe an experienced educator teach science.
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Context

Context refers to a broad group of other forms of teacher knowledge: classroom management, assessment,
curriculum, environment and resources. The role played by each of these depends on the situation – with the
educator rejecting or modifying science activities accordingly. Some questions that educators ask in relation to
context include: ‘Will the teaching and learning experience be done in groups, individually or modelled to the
whole class?’, ‘How will the experience be assessed?’, ‘Which part of the science curriculum does the
experience address?’, ‘Is the classroom physical environment adequate for the experience?’, ‘Are there adequate
resources for the experience?’

Science can be resource-intensive requiring print resources, electronic resources or manipulative
equipment. Many early childhood teaching and learning experiences use everyday equipment (such as boxes or
plastic containers) that can be recycled from homes, while other equipment can be purchased from
supermarkets or hardware stores. Being a member of a recycling organisation is also useful for obtaining
appropriate resources. Some science experiences require prior preparation. Being organised and prepared is the
key to working with various science resources.
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Educator’s orientation to learning and teaching

An educator’s orientation (or view and belief) of how learning occurs has a critical influence on the
development of their science PCK. As described in Chapter 5, there are different approaches to science
teaching and learning: process skills approach, guided discovery approach, inquiry learning approach,
problem-based learning approach, and project approach. The approach (or orientation) chosen can influence
the choice of learning goals, learning experiences and teaching strategies. For example, an educator who takes
a guided discovery learning approach would provide a range of play experiences for the children to discover a
particular science phenomenon, but also recognise the importance of scaffolding by an experienced adult who
can act as a co-investigator and/or ask questions to encourage further investigation. An educator who takes an
inquiry learning orientation would allow children’s questions to lead to explorations, support the development
of children’s ideas, ask focused questions, encourage children–children and children–teacher interactions and
even argumentation, suggest alternative ways of thinking, and assist children in developing responses. While
both approaches could be used for the same teaching and learning experience, they can result in the educator
using different types of science PCK.
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Knowledge of children

Knowledge of children plays an important role in the teaching and learning of science. This knowledge can
relate to children’s abilities, learning strategies, age/developmental levels, attitudes/motivation, and prior
knowledge. Many educators use knowledge of their children’s interests and their ability to work in groups to
decide whether to use a particular activity or not, and what pedagogy to use when implementing that activity.
A key consideration here is if the activity will engage the children. In a constructivist orientation, knowledge
of children’s pre-conceptions or prior knowledge is considered the initial step in a teaching sequence. Within
this orientation, learning experiences will focus on ascertaining and challenging children’s ideas, and the
sequencing of those experiences to enhance understanding. Knowledge of children can influence many aspects
of teaching science, from selecting activities to use, developing pedagogical sequences for a unit of work, using
particular lesson teaching strategies, through to deciding which children to choose to answer a question.

Practical task  Reflection on your science education PCK

Consider the elements of science education PCK that were presented above: content knowledge,
educator confidence, context, educator’s orientation to learning and teaching, and knowledge of
students. For each component, honestly rank yourself on a scale of 1 to 5, where 1 is very low, 3 is
average and 5 is very high. For any components ranked 3 or less, list some methods of how you might
improve in order to increase your overall science education PCK.

Case study 16.3  Digesting peas

Kaye was on a practicum with a group of 20 4-year-old children who enjoy their art. Her mentor
teacher had mentioned that the children had an interest in food and their bodies, and asked Kaye if
she could deliver some learning experiences to introduce the children to digestion. Kaye had done
human biology in Years 11 and 12, so was reasonably comfortable with the content, although it was a
while ago. She was unsure how she could teach this topic to 4-year-old children so they could
understand it.

Kaye, and the mentor teacher, supported a constructivist-inquiry approach to learning and
teaching. Using online materials and books from the school library, Kaye initially read about digestion
to remind herself of the process. She then selected some of the books to use in class, along with
finding appropriate short YouTube clips. Kaye found a need to be quite critical in choosing the
YouTube clips, so that the images and comments were appropriate for the age of the children. Kaye’s
mentor also had four children’s digestion aprons that consisted of the different parts of the digestion
system (mouth, oesophagus, stomach, small intestines, large intestines, rectum) that could be velcroed
on to the apron. Kaye also checked the internet, in particular Pinterest, and emailed her university
science education lecturer, to find a range of suitable activities.

Kaye developed the following sequence of activities:

Session 1: Find out what the children know about digestion. Start with a class discussion on
‘What happens to our food once we put it in our mouth?’ Any key words will be placed onto a
word wall. (Note to self: Check with the mentor if the word ‘poo’ is okay to use in class.)
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Session 2: Trace around the body of each child onto butcher paper. Each child is to then draw
what they think happens to their food on these life-size tracings. Children will be encouraged to
label the parts of the body they know. Children describe their understanding of the process of
digestion, with educators annotating onto the tracing. (Note to self: may take a few sessions –
work around other daily activities.)

Session 3: Ask the children again, ‘What happens to our food once we put it in our mouth?’
Introduce and play child-friendly animated YouTube clip. Class discussion of the parts of the
digestion system. Laminated parts of digestion system placed onto whiteboard as discussed. Parts
labelled, with short explanation of part given. Mouth = eat, chew. (Note to self: children
fascinated with this. Look at finding a real video rather than animated. Check with mentor. )

Session 4: Play child-friendly animated YouTube clip again and remind children about parts in
the digestion system. Take eight children. Split them into groups of two and give them the
aprons. One child to wear the apron, the other to place the parts onto the apron and state the
right name and what that part does. Swap around. Repeat later in the day with rest of the class.

Session 5: Introduce and play YouTube clip of the human digestion system. Remind the children
that this is what it looks like in our body. Class discussion. Compare real pictures to apron
images – how are they different and how are they similar.

Session 6: Revise parts of the digestive system and their purpose. In groups of three, children to
design a model of the digestive system using a range of collected recycled materials – different
sized boxes, cardboard tubes, plastic bags, stockings and masking tape. Groups to explore
materials and consider what might be best for each part of the digestive system. Draw the model.

Session 7: Children make their model. They then test it by passing a snaplock bag of peas
through the model. Make a prediction of what the peas might look like when they have gone
through the model.

Session 8: Again, trace around the body of each child onto butcher paper. With their new-found
knowledge, each child is to draw what they think happens to their food on these life-size
tracings.

Reflection

Consider the following questions related to Case study 16.3:

1. What science education PCK can be seen in this case study? Identify and describe the content
knowledge, educator confidence, context, educator’s orientation to learning and teaching, and
knowledge of students relevant to Kaye.

2. Reflect on how simply reading this case study could be adding to your science education PCK.
What aspects of the story appealed to you? Why did these aspects appeal to you? How could you
use them in your science learning and teaching?

3. How many different representations of the digestive system did Kaye use? Why did she use so
many? How is this a reflection of Kaye’s science education PCK?
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Strategies to enhance science education PCK
In the discussion above, key elements essential to the development of science education PCK were
highlighted: the educator’s content knowledge, their confidence, the learning context, educator’s orientation
to learning and teaching, and knowledge of children. In considering how each and all of these can be
enhanced, it is important to realise that PCK develops over time, through experience (Loughran, Berry &
Mulhall, 2006). However, each element can be examined to consider ways to improve it: content knowledge
can be gained by explicit application to understanding and knowledge of science; confidence is improved
through successful experiences, so success will come with greater content knowledge and improved pedagogy
in science; the learning context, orientation to teaching and learning and knowledge of children can all be
improved through strategic focus. Lastly, reflection on teaching, which examines all these elements as part of
an educator’s professional practice, will enable professional growth of PCK.

Professional development for science education learning has traditionally occurred through the medium
of workshops and conferences that focus on particular elements of practice, activities and ideas, and skills and
content knowledge. While this ‘skills and knowledge’ approach can be valuable and efficient in disseminating
information and ideas, it may not be as effective in challenging and supporting more fundamental aspects of
pedagogy and beliefs (Hoban, 1992). Long term professional learning that is sensitive to the needs of
educators and their context, and supports the needs and concerns of the children, is necessary to support
significant educator development (Campbell et al., 2007).
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Conclusion
This chapter introduced professional learning, with a strong focus on the use of reflective practice as it assists
educators in examining and reviewing their own teaching and their children’s learning. A range of strategies to
assist in reflective practice were presented. Science education PCK and its components were introduced
highlighting the importance of knowing what to teach and how to teach in order to engage students in
science. Reflective practice offers educators the opportunity to expand their own science understandings, while
enabling the young children in their care to undertake meaningful science explorations.
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Science education professional knowledge – a commitment to ongoing learning and reflection in order to
became a better teacher of science.

Reflective practice – focuses on the ways in which educators think about their experiences and formulate
responses as they happen (thinking in action) as well as after they happen (thinking on action).

Critical reflection – analysing your own and others’ thinking and beliefs by questioning existing knowledge,
assumptions, perspectives, interpretations, expectations and values.

5R framework for reflection – a systematic approach to develop deep and purposeful thinking about
teaching and learning experiences that consists of ‘reporting,’ ‘responding’, ‘relating’, ‘reasoning’ and
‘reconstructing’.

Science education pedagogical content knowledge – knowing what to teach and how to teach in science.

Content knowledge – knowledge of the subject matter or the content to be taught.

Educator confidence– educator perceptions of their ability to teach science, the adequacy of their own
science knowledge, and their ability to learn science for themselves.

Educator’s orientation – educator’s view and belief of how learning occurs.
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Appendix 1
Activity plans
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Chapter 3

Bush, bricks and bugs

A range of ideas are presented below for children to continue to explore experiences central to the three case
studies, 1) A day in the bush, 2) Building with mud bricks and 3) Spiders.

1. A day in the bush

Ensure rugs are available for making an indoor tent during free play.

Find areas in the school grounds suitable for nature play and visit regularly.

Walk mindfully through the nature play area using a range of senses. Stop, be silent, breathe deeply, feel
the breeze on your face, look up in awe of the moving clouds, or shape of a leaf on a tree.

Do observational drawing, sketch same object/place in different seasons, note changes, record pictorially
in own journal.

Take a book (e.g. Leaf Litter: Exploring the Mysteries of a Hidden World by Rachel Tonkin) and read to
the children outside.

Children find their own special place in the school ground (still all visible to the teacher). They spend
time silently and by themselves in the fresh air in nature. They close their eyes: what can they hear, smell,
touch? Imagine.

Learn the names of five plants that the children didn’t know. Invite the groundsperson in to give a tour
of significant plants in the school ground. Make a map (2D figure or 3D model) of the school grounds
locating where the plants are. Keep adding as knowledge is broadened.

Redo the colour cards / alphabet search in potential nature play area of school – discuss the difference
between this and what we found in ‘A day in the bush’.

2. Building with mud bricks

Make your own bird’s nest using natural material such as mud, feathers and sticks.

Make mud of different consistency, and make thin to thick mud balls.

Set up a mud pie kitchen using seed pods as cups.

Make mud hand prints on different surfaces, compare different size and shape hands. Play ‘Whose hand
is this?’

Create mud sculptures and leave them to be weathered by the elements.

Explore how mud has been used in the past, culturally, in building construction.

3. Spiders

Class newsletter with each child sharing something they have learnt about spiders. If possible show the
change in their understanding of an aspect of spiders.
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An end of term spider celebration – dress up as a spider showing and labelling correct anatomy. This
could be done at school or at home.

Class cooking – make a spider – correct anatomy.

Make a wall (or electronic) display of all the different local spiders that have been identified at school and
home, continue to add throughout the year.

Put unknown species onto a citizen science app such as Bowerbird.com and scientists will identify.

Invite other classes to share spider information.
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Chapter 4

Challenging developing concepts

Through providing children with appropriate scaffolding and resources, an intentional educator can enhance
children’s conceptual development.

1. Provide children with a small number of items, one at a time, to test for ‘floating’ in a clear container
of water. Try to include items they may have used in water play previously (such as a plastic lid or a small
piece of wood) along with objects which they are unlikely to have used in water play (such as a small
candle or a paper clip).

a. Ask them to predict what will happen when they place the item in the water.

b. Have them observe closely from above but also through the side of the clear container. Ask them
what they notice about the item – Is it floating, sinking, on the top, on the bottom or somewhere in
between?

2. Provide children with materials so that they can draw their observations with the educator annotating
the diagram. Use the drawing to develop children’s concepts about floating items – they are on or in
(suspended) the water. They are not on the bottom.

3. A follow-up activity would be to provide children with the same set-up, but with items which
challenge their understanding. For example, provide children with a ball of plasticine, which will sink
when they test it. Ask them to alter the shape so that it floats. Given success in this activity, children
learn that an item with a boat shape can float if it contains air.

4. Further activities can be used to develop concepts around the idea that it is the material an object is
made of that influences whether it floats or sinks.
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Chapter 5

Exploring an interactive approach

Exploring concepts of air – children had been asking the question ‘Where does wind come from?’ on a
particularly windy day. The educator decided to set up some small experiences for children to explore some
common ideas about air so that they could develop their own understanding of where wind came from.

1. Provide children with a small plastic freezer bag and ask them to collect air. Discuss with them where
they found air. Use the children’s own experiences and effective questioning to draw out the key idea ‘the
air is everywhere’.

2. Once they establish that air is everywhere, demonstrate the idea that air pushes on things. Children
can stand in an open space (all facing the same way), holding a piece of paper (A4 size) to their chest.
They commence running and once they have moved about two meters, they let go of the paper. It stays
in place until they slow down. Ask the children why it stayed in place. They will begin to understand that
air pushes on things as they move through air.

3. A simple activity is to drop a piece of paper and ask children why if falls slowly to the ground – what is
affecting its fall? Repeat the activity, this time with two pieces of paper, but the second piece of paper
screwed up. Ask children to predict what they think will happen when both are released at the same
time. Most will answer that the scrunched up paper is heavier.

4. Introduce this as a discrepant event – have them double-check the two pieces of paper before you start
a second demonstration to establish that the paper is identical in size, and repeat the drop. This time ask
the children what else might be affecting its fall. Some will start to link the air pressure idea with the
falling paper.

5. The final activity involves children in blowing a piece of string. Asking them questions, they come to
the conclusion that they have created wind. Support the idea of air as wind by using an electric fan or a
small concertina fan to create ‘wind’ in the stationary air.

6. At this point, as children have experienced that air is everywhere and can exert a pressure (it can push
on things), they can bring together the ideas to understand that wind is moving air.
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Chapter 7

Play pedagogy activities

1. Read the story Mr Archimedes’ Bath (by Pamela Allen) to the children and discuss the various
characters and their role in the story.

2. Set up a scientific role-play area which relates to the story. Provide resources for imaginary play related
to the story. As children gather around the resources, scaffold their ideas.

3. Video and photograph the children’s role play and upload it to the pre-school internet site, then:

show the children the video and ask them to provide a drawing of the play

use the drawings and the photographs of the role play to make a ‘big book’ for children to refer to
and re-read.
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Chapter 8

Exploring sound

A range of ideas are presented below for children to continue exploring sound.

Activity 1: Read The Very Noisy House (by Julie Rhodes) which describes five different noises in a house.
As a new noise is introduced on each page have the children repeat that noise. Can the children
remember the order of the noises and what caused them – clomp from the walking stick, woof from the
dog, meow from the cat, whaaa from the baby, and squawk from the bird? Children role play the story
with props for each of the different sounds.

Activity 2: Discuss different sounds that children might hear – people talking, birds singing, car moving.
Take the children outside and sit quietly with eyes closed. Have a discussion on the sounds they hear.
What do they think is making that sound?

Activity 3: Go on an environmental walk and listen for different sounds. Record the sounds onto a
mobile device. Mad Map HD is an excellent app to do this. Twelve different sounds can be recorded.
These sounds can then be played back as music.

Activity 4: Develop a sound garden for children to explore and create music with. This could include
found items such as pots and pans, wooden and metal spoons, water bottles with rice or small marbles
added, large water filter bottles, hub-caps and tapping sticks. These items, along with a triangle and
xylophone, could be placed on benches or strung from branches of a tree.

Activity 5: Talk about quiet and loud. Ask the children what objects make quiet sounds and what objects
make loud sounds? Challenge the children to be as quiet as possible (whispering) and then as loud as
possible (shouting). Using the sound garden, ask the children to make sounds that are quiet and sounds
that are loud?
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Chapter 10

Science exploration with natural materials

Using a science exploration or discovery table, set the table up with a range of natural material from outside –
leaves, twigs, gumnuts.

Activity 1: Using magnifying lenses, children observe material closely. Ask children to describe what they
see on the table and where they think it comes from. They share their descriptions with each other.

Activity 2: Using pencils and paper, children draw one of the items and then in turn discuss this with the
larger group. Have children describe how they drew the object and what details they were concentrating
on.

Activity 3: Children’s drawings form the basis of the construction of a diorama or artistic collection of
natural objects, e.g. children construct trees from twigs and leaves, other surfaces using bark and grass, or
arrange the natural material onto a sheet of paper and glue into place.

Activity 4: Take photographs and project one of them onto a screen so the whole class can see. As a class,
describe the object in detail.

Activity 5: Create a book from the photographs and annotate it with children’s comments.
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Chapter 12

Activities based on Case study 12.2: bush kinder environments

Activity 1: Children view the components of the weather while outside. They sketch what they see.

Activity 2: Using a digital camera, children take photographs of their components of weather.

Activity 3: When back inside the normal kindergarten setting, children use the computer and iPad with
educator assistance to looks up clouds, rain or their own weather ‘component’. They compare the digital
image to their own photos and drawings, reflecting on similarities, differences and key characteristics.

Activity 4: Children construct ‘weather cards’ which include downloaded pictures of weather
components, e.g. different clouds. The educator laminates these for outside use.

Activity 5: Children take their cards outside for the next bush kinder and keep a watchful eye on the
weather to see if they can recognise any of the components and match to their weather cards.
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Chapter 13

Activities relating to the theme of the sea

The activities presented below are an expansion of some of the ideas presented in the mind map in Figure
13.1, relating to the theme of the sea.

Activity 1: Shells. What animals live in shells? Discuss the importance of shells as a ‘home’ for some
animals. How are shell homes similar and different to the homes that people have? Present a range of
shells of different sizes, shapes and colours. Describe and/or draw the shells in detail. Classify the shells
in different ways. Count the shells. Provide small ‘treasure’ boxes for children to collect their favourite
shells?

Activity 2: Fish market. Show YouTube clips of fish markets from around the world. Who buys their
fish at fish markets? Set up a fish market learning centre. Have a range of fish in sealed plastic bags.
These should be placed in a chilled container. On a table have butcher’s paper, sticky labels, thick pen,
and paper bags. Also have aprons for the children to wear. Children select a fish from the chilled
container, wrap it in the butcher’s paper, place a sticky label on the paper, write a ‘price’ on the label, and
then place the package into a paper bag. This can then be delivered to the educator or some other adult
in class.

Activity 3: Seaweed art. Present a range of seaweed of different sizes, shapes and colours. Discuss what
seaweed looks like, feels like and smells like. How long is some of the seaweed – is it longer than the
children? Have four pieces of doweling (or sticks). Children use the doweling to create a square, rectangle
or triangle frame and then select various pieces of seaweed (and shells) to create a picture within the
frame. Children describe and photograph their seaweed art.

Activity 4: Flotsam and jetsam. Discuss what the term ‘flotsam and jetsam’ means, highlighting that it
refers to marine debris. What is the difference between flotsam and jetsam? Flotsam (or floatsome) refers
to debris in the water that has not been thrown overboard, while jetsam refers to debris that has been
deliberately thrown overboard. Research where the names came from? Present a range of flotsam and
jetsam that has been collected from the beach. Describe each object and predict where it may have come
from. Sort and classify the objects. Link to sustainability and the importance of looking after the
environment.
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Figure A1.1 Seaweed and shell art
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Chapter 14

Activities based around Case study 14.1: observing and drawing

Activity 1: Ask the children to take one of their pencils and to draw it. This will be a superficial drawing.
Hold up a giant pencil and describe it in detail. As a class draw this pencil in detail while thinking aloud.
Have children look back at their own pencil and draw it in detail. Compare first and second pencil
drawing.

Activity 2: As a class, select one object in the classroom to draw. Take a photograph and project it onto a
screen so the whole class can see. As a class, describe this object in detail. Then children each draw this
object. Have children describe how they drew the object and what details they were concentrating on.

Activity 3: Children bring objects from home to draw in detail.

Activity 4: Drawing seedlings – see Case study 14.1.

Activity 5: Bring in another plant with different roots, leaves and possibly flowers. Go through the
process of describing as a class the detail of the plant, identifying the roots, stem, leaves, and flowers (if
any) and then have the children draw and label the plant.

Activity 6: Bring in a different plant and get the children to draw individually (with no class discussion
beforehand).

Activity 7: Observe leaves up close with magnifying glass and light tables. Children draw these in detail.
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Chapter 15

Movement

This lesson was adapted from Primary Connections ‘Movers and shakers’ and is an introductory lesson to
focus children on movement. In science, movement is seen as the precursor knowledge to an understanding of
forces. This lesson was designed to capture children’s interest and find out what they know about how an
object moves.

1. During a music session, introduce children to a game of statues. Children move to music but when the
music stops, they have to freeze. When the music starts, they can start.

2. Talk to them about being still. What does this mean in the game? When have they had to be still
before?

3. Introduce a new variation of the game where one child moves to the music and the other child
observes the movement while remaining still. Play the game and swap the partners around so that they
see both movements and practise being still.

4. Scaffold the children’s observations by asking questions:

5. Ask the children to make different shapes with their bodies. Discuss the shapes that they made and
what features of the shape the children used.

6. Introduce a class science journal and note in it what children thought of their game, their different
shapes and ask them how they can find out more about things that move.

When the music stopped, did your partner move at all?

Did you see any part of their body move?

What sorts of movements did you see?

423



Appendix 2
Examples of simple science statements or concepts
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Biological sciences

Animals

Some animals change from one form to another during their life cycle. For example, a caterpillar turns
into a butterfly.

Each type of animal has its own life cycle.

An animal is alive even during stages at which it appears to be inactive, such as during hibernation or in a
chrysalis.

Some animals, once they are born, have the same form for the remainder of the life cycle. Examples of
this are chickens, cats, dogs and humans.

Animals include slugs, snails, worms, star fish, mussels, spiders, crabs, insects, fish, amphibians, reptiles,
birds and mammals. Humans are animals.

Small animals perform a vast number of important functions in our ecosystem, such as pollination, and
aerating and fertilising soil.

Small animals have a variety of external features that help them survive.

Small animals live in different places where their needs are met.

Many animals have skeletons.

Some skeletons are made up of bones.

The shape of a bone can be used to identify its likely position in the skeleton.

It is possible to gain information about how an animal may have moved by looking at the skeleton.

It is possible to gain information about the size and shape of an animal by looking at the skeleton.

The skeletons of a particular type of animal are very similar to each other.

It is possible to gain information about what the animal may have eaten by looking at the teeth in the
skeleton.

By comparing the skeletons of other animals to the human skeleton it is possible to gain information
about how the animals may have differed from, and been similar to, humans.

Birds have different ways of moving compared to other animals.

Birds eat a variety of foods.

The shape of a bird’s beak is related to how it eats.

Each sort of bird has a distinct flight pattern.

Plant seeds are food for many birds.

Nectar from plant flowers is food for many birds.

Small animals are food for many birds.

The shape of a bird’s feet is related to the way the bird lives; for example, webbed feet are found on water
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The shape of a bird’s feet is related to the way the bird lives; for example, webbed feet are found on water
birds.

Most birds are active only in the daytime.

The times at which the majority of birds are most active are the hours after sunrise and the hours before
sunset.

Some birds, such as owls, are more active at night than in the daytime.

A bird’s habitat depends on the location of suitable food, nesting sites and safety.

Many birds have characteristic songs that can be used to identify them.

Birds communicate with one another by means of sound and/or body movements.

There are patterns in the way birds behave.

Plants

Many plants form seeds.

Seeds can be found in fruit, cones, pods or nuts.

Seeds absorb water.

Seeds need water to germinate.

Seeds need the right temperature to germinate.

Seeds need air to germinate.

Some Australian seeds need fire to germinate.

Seeds vary in their rate of germination.

Seeds develop from flowers.

Seeds form a significant part of the world’s food supply.

Seeds are living; they are in a state of dormancy.

Humans (and other animals) consume different parts of plants, such as leaves, stems, flowers, fruits and
roots.

All flowering plants have a similar life cycle.

Wood is the natural product of plant growth.

Natural forests supply us with some of our wood requirements.

Plantations provide us with wood not naturally found in Australia.

Trees provide us and other animals with homes.

Wood differs from metals and rock in that it was once part of a living entity.

Properties of living things

All living things have a life cycle.
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The way living things are classified has changed over time. Animals and plants are the main ‘kingdoms’,
but fungi, mosses and viruses have their own separate kingdoms.

All living things exhibit the following characteristics that define them as living, with the acronym MRS
GREN being used to help us remember them:

movement

respiration

sensory response

growth

reproduction

excretion

nutritional requirements.
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Chemical sciences

Materials

Everyday materials can be physically changed in a variety of ways.

Different materials have different properties, such as colour, strength, texture, smell, hardness, flexibility
and also cost, which determine their applications and likely use.

The properties and structure of materials are inter-related and determine their behaviour. Their uses are
determined by their properties, some of which can be changed and enhanced by processing.

Natural materials are often selected for applications that exploit their properties and are also used because
of their availability or cost of production.

Natural materials can be combined, mixed, heated or treated in a combination of ways to produce
processed materials with changed or enhanced properties.

Matter

Matter consists of solids, liquids and gases.

A solid: retains a fixed volume and shape, is not easily compressed and does not flow easily.

A liquid: assumes the shape of the container it is in and retains a fixed volume, is not easily compressed
and flows easily.

A gas: assumes the shape and volume of the container it is in, can be compressed and flows easily.

The input of heat energy can change the state of matter from solid to liquid, liquid to gas or solid to gas.

The removal or loss of heat energy can cause a change of state from gas to solid, gas to liquid or liquid to
solid.

Melting involves a change from a solid to a liquid, caused by heating, such as ice to water.

Freezing is the opposite of melting: a change from a liquid to a solid, such as water to ice.

Substances tend to melt at certain temperatures.

For pure substances, such as ice, melting is reversible.

Some substances, when heated, are irreversibly changed (e.g. when bread is toasted it cannot be turned
back to bread).

Melting is different to mixing and dissolving. Melting requires heat energy.

Mixing refers to the addition of various substances together where no new material is formed. A good
example of a mixture is muesli.

Dissolving refers to the mixture of a solid (e.g. salt) to a liquid (e.g. water) to produce a solution (salty
water).

Evaporation involves a change from the liquid to gas state, such as water to water vapour.

Condensation is the opposite of evaporation: a change from gas to a liquid, such as water vapour to
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Condensation is the opposite of evaporation: a change from gas to a liquid, such as water vapour to
water.

Water will evaporate at warmer temperatures, with water vapour entering the air.

Fog or water appearing on cold surfaces is due to condensation of water vapour from the air.

Substances can react together to form new substances that are quite different from their original
properties.

A gas is a possible product of a chemical reaction.

Combustion is a chemical reaction.

A flame needs oxygen to keep burning, as the oxygen reacts with the burning substance.

Substances can be grouped (e.g. acid/base) according to their chemical properties.
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Earth and space sciences

Earth and space

The Earth is in the shape of a ball.

‘Down’ refers to the centre of the Earth (in relation to gravity).

The Moon appears in the sky due to reflected light from the Sun.

Stars are still there during the daylight.

The Moon’s gravity is much less than that on Earth.

The Earth rotates, which makes the Moon, Sun and stars appear to move.

The universe is extremely large.

Instruments such as telescopes and binoculars can be used to view objects in the universe.

There are many different types of objects in the universe.

The rotation of the Earth on its axis in relation to the position of the Sun gives us night or day.

The planets in the Solar system differ in size.

Rocks

The Earth is covered with rocks, soil, water and ice.

The Earth’s crust has many specific formations, such as volcanoes and mountains.

Rock layers are located under rocks, soil, water and ice.

Natural rocks are made in many different ways.

Rocks slowly become smaller due to the action of rain, wind and ice.

Crumbled rocks form part of soil.

Rocks that we find at a particular place may have been made elsewhere.

Rocks can be made of one or more minerals.

Some rocks are harder than others.

Rocks can be a single colour or contain many colours.

Minerals can form crystals.

Crystals have straight edges and flat sides.

Rocks can vary in shape, texture and mass.

Some rocks act as magnets.

The Solar system is a large place.

Space travel is very difficult.
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Some rocks are conductors of electricity.

Some rocks contain prints or filled parts of plants and animals.

Rocks that take a long time to form underground have large-sized minerals.

Rocks that form quickly underground have small-sized minerals.

Some rocks are good conductors of heat energy.

Some rocks, such as gold and diamonds, are highly valued by humans.

The varying hardness of rock is an important factor in its usage.

Humans’ knowledge of rock association helps them to find oil and precious stones, such as gold, opals,
and emeralds.

Rocks can be altered by humans to make materials for use in their everyday lives, for example, steel from
iron ore.

Weather

Daily and seasonal changes in our environment affect daily life.

Observable changes occur in the sky and landscape.

Serious weather phenomena have impacts on communities.

Weather prediction is important for our life and communities.
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Physical sciences

Force and movement (motion)

Forces can be thought of as ‘pushes and pulls’.

Forces can make things move or stop or hold things up or squeeze things.

Friction is a common force that stops things moving or slows things down.

Gravity is a force that makes things fall.

Air and flight

Air is all around us.

Wind is moving air caused by changes or differences in air pressure.

Air occupies all space if allowed.

Air has weight.

Air exerts a pressure in all directions.

Air expands upon heating, causing a pressure increase.

Reduced pressure causes a force imbalance, which appears as ‘sucking’.

The pressure of air is used in many applications (e.g. tyres and hoists).

A moving stream of air has reduced pressure.

Air exerts a resistive force on objects moving through it.

The shape of an object affects the nature of air flow around it.

Air consists of a mixture of gases, one of which (oxygen) is necessary for burning.

The force from air on a moving object depends on the surface area and the shape of the object.

Objects can be shaped to either minimise or maximise the force of air on them.

A flat object, such as a plane wing, a boomerang or a paper tube, can be supported by forces that arise
due to differences in air flow across the top and bottom surfaces of the object.

For every action there is an equal and opposite reaction: a stream of air (or water) forced from a balloon
or rocket will cause a force back on the balloon or rocket to propel it.

Hot air is less dense than cold air, and subsequently hot air rises.

Electrostatics and electricity

Circuitry can be used to make working models that use electricity.

Some materials can conduct electricity, while others cannot.

Friction can cause static electricity.
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Objects can be made to attract or repel using static electricity.

Voltage is the energy supplied by a battery to each charge. It is a measure of the ‘strength’ of a battery.

Resistance refers to the blockage of the flow of current, and causes energy to be lost as heat.

Conductors allow electricity to flow.

Insulators prevent electricity from flowing.

A circuit is an unbroken flow of electricity around a path.

Energy/heat

Heat is a form of energy.

The Sun is the Earth’s most important heat source.

Temperature is a measure of the hotness of an object.

Heat affects different living and non-living things in different ways.

Heat causes objects to change (e.g. change of state or change of colour).

Changes due to heat can be observed.

Heat travels in different ways – conduction, convection and radiation.

Sources of energy are:

Floating and sinking

Objects float or sink depending on the materials they are made of.

Whether something floats depends on its density, which comprises both mass and volume. (Concepts
relating to density are quite challenging for young children and should be taught in the later years of
primary school.)

Objects float if they are light for their size and sink if they are heavy for their size.

An object can be light for its size if it contains air, such as a hollow ball.

Objects are more buoyant in salt water than fresh water.

Materials that are boat-shaped will float because they displace a large amount of water.

chemical energy

electrical energy

kinetic energy

nuclear energy

potential energy

solar energy

sound energy

wind energy.
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Water surfaces have a cohesive force, called surface tension, which acts like a ‘skin’ to the water.

Small, dense objects can ‘float’ on the surface of water without breaking it, or small insects can ‘walk’ on
the water, due to this surface tension.

Water pressure increases with depth.

Light, sight and colour

Light travels in straight lines.

Some objects (e.g. a globe, the Sun, a flame) are sources of light; most things we see reflect light.

The Moon is not a source of light; rather it reflects the light of the Sun.

Ordinary surfaces reflect light in all directions.

Some surfaces reflect more light than others. Black surfaces reflect least light.

Light is bent going into or out of water or glass, and this can cause distortions in the shape or position of
objects such as straws placed in the container.

Glass and water can break light rays into their constituent colours as they bend.

White light consists of the colours of the rainbow (red, orange, yellow, green, blue, indigo and violet).

Light is refracted or bent in water so objects such as a pencil appear to be broken in two.

Shadows require a light source and an object. Shadows are formed when light cannot pass through the
object.

The size and shape of a shadow depend on the shape of the object that has blocked the light, the angle of
the surface on which the shadow falls, the distance between the object and the light source, and the
brightness of the light source.

The image in a mirror is inverted and symmetrical with the object.

Our image in a mirror is equally far behind the mirror as we are in front of it. Curved mirrors cause
images to appear distorted.

Sight is a very important sense we use to interpret our world.

We see when light is reflected from objects into our eyes.

Having two eyes is necessary for judgement of depth.

Our brain puts together the stereo view we have of the world.

Our eyes and brain can be misled.

Colours can be mixed together in different ways to give different results.

The basic (or primary) colours of paints and pigments are different from the basic colours of light. Paints
and pigments – red, blue and yellow (magenta, cyan and yellow in a printer). Light – red, blue and green.

Magnets

Magnets work by pushing (‘repelling’) and pulling (‘attracting’).
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Magnets only work on objects made of iron, cobalt, nickel and steel.

Many toys contain magnets.

Some magnets exert more force than others.

Magnets have many different shapes and sizes.

Magnets are used in many ways; examples include metal catches, fridge magnets, magnetic films on
swipe cards, loudspeakers, and the generation of electrical energy in power stations.

Magnets are strongest at their ends.

The ends of magnets may push or pull other ends of magnets.

Magnetic forces work through non-magnetic materials.

Magnetic force extends into the space surrounding the magnet.

The Earth has magnetic properties.

Sound

We hear sound with our ears.

Our sense of sound is very acute.

Sound can travel through solids (e.g. wood), liquids (e.g. water) and gases (e.g. air).

We use two ears to judge where sounds come from.

Sound bounces off surfaces.

Sound is caused by objects vibrating.

Objects have their own natural vibration pattern and can give a characteristic note when hit (or blown).

Large or long objects vibrate slowly, causing sounds of low pitch. Short or small objects vibrate quickly,
causing sounds of high pitch.

Sounding boards amplify sound and are important in instruments.

Vibrating strings form the basis of stringed instruments.

Vibrating air is the basis of wind instruments.

Many materials can transmit sound; they include strings, metal and wood.

Time

Reaction times differ for each person. (Reaction time is the time taken to perform a task, such as
catching a dropped object.)

Clocks can be made from many different devices, such as candles and shadow sticks.

Pendulums help us to keep time.

We can tell time by measuring many things.

We can tell the time from our perception of the movement of the Earth in relation to the Sun.
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We view time as a duration.

Time is also a sequence of events.
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anecdotal records, 243
animals, 167, 280–281
answers, right versus correct, 12
apps, 148, 149
arts and STEM, 146
artwork, 84–85
Asia, 48
assessment 

and documentation, 239–240
examples, 253–254

astrophysics, 183–184
attitudinal knowledge, 11

438



Australian Curriculum,
history of, 35
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and learning, 236
in outdoor settings, 199–201
plans, 210, 211
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trip to, 50–51, 272–273
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application to science, 45
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cartoons, 98
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checklists, 243
chemical sciences 

definition, 199
Foundation to Year 2, 38
plans, 210, 211
statements, 282–283
words associated with, 199

chicks hatching, 150
child-centred interests, 198
child-centred learning, 109
child development, 110–115
child-directed learning, 80
child-directed play, 225, 228
child-instigated activities, 74
children 

capacity for science, 15
and digital technology, 150–151
exploring, 10, 81–82
gifted, 93
knowledge of, 267
observing, 11
talking, 81

chocolate potato cakes, 163
citizen science, described, 41, 172
classification, 77
cognitive development, 55–56, 109
collaboration, 138
collaborative play, 111, 112
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communicating (SIS), 39, 179
communication, 138

improving, 96–97
media, 97
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communities of practice, 261
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consciousness raising, 24
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cooking, 162–163
Coolart bush kinder, 104
cooperative play, 111, 112
correct answers, 12
Council of Australian Governments, 19, 23
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creative thinking, 45
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definition, 13, 138
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importance of, 145
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and science, 13–14
critical reflection, 259, 261
critical thinking, 45, 138
cross-curriculum priorities 

definition, 35
in science, 48–51

cultural perspectives, 93–95
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social protocols, 100–102
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curriculum 

emergent, 77
and structured play, 115–117
curriculum frameworks 

Australian context, 20, 35
evolution, 19
international, 19–20
principles, 20

demonstrations, 80
design briefs, 165
design processes, 140

exploring, 142–144
design thinking, 148
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differentiation tools, 47
digital technology 

definition, 138
role of, 148, 166
use by children, 150–151
use by educators, 149–150
use of, 166–167

direct instruction, 80
directed teaching, 198
discovery approach, 76–78
discovery tables, 163, 194, 276
discrepant experiences, 76
discussions, 243
dispositions, 237, 252–253
diverse needs, 91
documentation 

and assessment, 239–240
science learning, 240–241, 246–247
using learning story, 247–248
using portfolios, 248–250
using rubrics, 244–245

domain-specific theories, 59
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drama, 98
drawing, 84–85, 98, 224–225, 233

and observation, 278–279
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planning, 211
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Early Years Learning Framework (EYLF), 18, 19, 179
described, 20–25
and differing pedagogies, 24–25
and learning, 236
learning outcomes, 21, 27
Outcomes, 25–27, 28–31, 129, 132, 137–138, 191–192
and outdoor settings, 191–192
and pedagogies, 125
and play, 22–24
practice element, 21
principles, 21
and science, 25–28
valuing different views, 22

earth sciences 
definition, 199
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Foundation to Year 2, 38
plans, 210, 211
statements, 284–285
words associated with, 200

education. See science education; STEM education
educator scaffolds, 198, 199
educators 

and beliefs, 126
confidence, 177, 266
consciousness raising, 24–25
and digital technology, 149–150
early childhood, 21
instigated activities, 74
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and outdoor settings, 198–199
professional learning, 177, 259, 270

and science learning, 12–13, 31
Educators’ Guide to the Early Years Learning Framework, 191
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emergent curriculum, 77
energy, 286
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and play, 139–140
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see also learning environment
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epistemic play, 111, 112
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evaluating (SIS), 39, 179
everyday concepts, 63, 172, 176–178
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experiential learning, 80, 109
exploration, 10, 81–82
explorative play, 111, 113
eye contact, 111

families, relationships with, 182–184
family settings, science learning in, 172–176, 180–181
fantasy play, 111, 113
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443



flight, 285–286
floating, 86, 273–274, 287
floorbooks, 250
flotsam, 278
forces, 162, 168, 285
forest kindergarten movement, 196
formal approaches, 76
formal observations, 238, 243
free play, 111
functional play, 109

games, 98
gender, 93
gifted children, 93
grandparents, 173, 180–181
group discussions, 81
guided play, 225, 226–227

heat, 286
historical perspectives, 98
holistic approaches, 236, 243
humour, 98
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Aboriginal and Torres Strait Islander, 99
promoting, 176
science, 125, 127–134

imaginative play, 111
incidental learning, 11
incidental science, 77
incidental teaching, 227–229
inclusive practices, 91, 96–97

Aboriginal and Torres Strait Islander children, 104–105
adopting, 95–97
applying, 97

Indigenous knowledge, 99
Indigenous science knowledge, 99–100, 102
indirect instruction, 80
inference, 77
informal approaches, 76
informal observations, 238
informal science, 171, 174–176
information and communication technology (ICT), 45
inquiry approach, 78
inquiry-based learning, 98, 252
inquiry-based science education, 113
integrated learning experiences, 198, 212
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intentional teaching, 24, 74–75, 198, 236, 237
described, 177, 223
examples, 224–225, 253–254
importance of, 224
lesson planning, 229–232

and play, 225–226
and science learning, 223
interactive approach, 78, 80, 274–275
intercultural understanding, 45
interest forms, 182
interviews, 85–86, 241–242
intrinsic motivation, 173
invention, 145
iPad, using, 151

jetsam, 278
journals 

reflective, 262–263
science, 250

knowledge 
of children, 267
content, 266
importance of prior, 74
Indigenous, 99
Indigenous science, 99–100
pedagogical content, 265–270
types of science, 11

language 
scientific, 12, 239
words associated with understanding, 199–200

laundry basket rides, 84
learning

and Australian Curriculum: Science, 236
autonomous, 80
child-centred, 109
child-directed, 80
definition, 126
experiential, 80, 109
and EYLF, 236
incidental, 11
inquiry-based, 98, 252
integrated, 198, 212
non-formal, 172
outdoor, 193
problem-based, 79
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project-based, 79
research on, 236–237
self-directed, 161
through play, 22–24, 62, 198
see also science learning

learning environment 
built environment, 167–168
described, 158
materials, 160–162
room layout, 116, 159–160
and science learning, 158–162
space, 158–159
see also outdoor settings

learning stories, 247–248
learning theories, 57–58

domain-specific, 59
lesson planning, 229–232, 233, 253–254
light, 287–288
literacy, 45
living things, 282
loose parts theory, 161
ludic play, 111, 113

machines, 165–166
magnets, 288
materials 

and activities, 232
in learning environments, 160–162
natural, 191, 276
organising, 161
statements, 282

matter, 283
measurement, 77
Melbourne Declaration on Educational Goals for Young Australians, 35, 91
mentors, 261
mind maps, 39
Ministerial Council on Education, Employment, Training and Youth Affairs (MCEETYA), 35
misconceptions, 64
models, 143
monitoring, 241
motion, 285
motivation, 61–62, 252
movement, 279, 285
mud bricks, 44–47, 273

naïve concepts, 64
National Quality Standard (NQS), 19
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natural environment, 189, 192, 193, 194–195, 201 see also bush kinders
natural materials, 191, 276
nature deficit disorder, 192
nature tables, 194
non-formal learning, 172
note-taking, 246
numeracy, 45

observations 
analysing, 250–253
and drawing, 278–279
recording, 244, 246
science learning, 237–239
skills, 77
systematic, 249
of teaching, 261
types of, 238, 243, 249
using, 243–244

outdoor learning, benefits of, 193
outdoor play, 116

importance of, 192–193
outdoor settings 

activities, 200
and Australian Curriculum: Science, 199–201
creating, 190
creativity in, 195
described, 189
educator's role, 198–199
and environmental education, 201–203
EYLF, 191–192
safety in, 194
time in, 190, 192

overstimulation, 161

parallel play, 111, 112
parrots, 92
peas, 268–269
pedagogical content knowledge (PCK), science education, 265–270
pedagogical focus, 236
pedagogical practices 

case studies, 127–134
enhancing science identity, 133–134

pedagogies 
Aboriginal and Torres Strait Islander, 102–103
and beliefs, 126
described, 125–126
differing, 24–25
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see also play pedagogies
personal competence, 45
pet shops, 113
Photobook, 149
physical environment. See learning environment
physical sciences 

definition, 199
Foundation to Year 2, 38
plans, 210, 211
statements, 285–289
words associated with, 199

Piaget, Jean, 58, 109
place-based learning, 49
planning 

5E model, 213–215
constructivist approach, 213
documents, 209
early learning centres, 211
effective, 209
lessons, 229–232, 233, 253–254
process, 212
term, 211
topic, 216–219
whole-school, 210–211

planning and conducting (SIS), 39, 179
plants, 253–254, 281–282
play 

child-directed, 225, 228
definition, 109
and engineering, 139–140
and EYLF, 22–24
guided, 225, 226–227
importance of, 109–110
and intentional teaching, 225–226
and invention, 145
learning through, 22–24, 62, 198
outdoor, 116, 192–193
planning, 118
resourcing, 146
science, 194–195
and science learning, 198
and STEM, 139–142
structured, 115–117
theory, 62
time for, 118
types of, 109, 110–115
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versus scaffolding, 114
play dough, 164–165
play pedagogies 

activities, 275
definition, 110
different, 119–120
importance of, 117–118

and science education, 118
portfolios, 241, 248–250
post offices, 115
potato cakes, chocolate, 163
prediction, 77
pre-service teachers, 101, 229
Primary Connections program, 212
problem-based learning, 79
problem solving, 98
procedural knowledge, 11
process skills approach, 76
processing and analysing data and information (SIS), 39, 179
professional learning, 177, 259, 270
project-based learning, 79
puppets, 87–88

questioning 
about instances, 85–86
effective, 82–83, 199
interviews, 241–242

questioning and predicting (SIS), 39, 179

recollections, 171–172
recording observations, 244, 246
reflective journals, 260, 262–263
reflective practices, 260, 262

5R framework, 263
described, 259–260
examples, 262–263
strategies for, 260–262

relationships 
establishing, 182–184
importance of, 99, 125

representational construction, 84
right answers, 12
robots, 151
rocks, 164, 284–285
role plays, 98
roller-coasters, 165–166
room layout, 116, 159–160
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Rousseau, J.J., 109
rubrics, using, 244–245
rule-governed play, 109

safety in outdoor settings, 194
sandpits, 262–263
scaffolding, 77

and assessment, 243
described, 227
educator, 198, 199
effective questioning, 82–83
verbal strategies, 227–228, 237
versus play, 114

schemas, 74
school plans, 210–211
science 

in broader context, 98
children's capacity for, 15
concepts, 63, 176, 7–178
and creativity, 13–14
cross-curriculum priorities in, 48–51
described, 11–13
everyday, 10, 114
and EYLF, 25–28
and gender, 93
and general capabilities, 45
importance of, 14–15
incidental, 77
Indigenous, 99–100, 102
nature and development of, 37
process skills, 77
in society, 92
statements, 280–289
stereotypes, 92–93
use and influence of, 37
Western, 99–100, 102
see also Australian Curriculum: Science; citizen science

science communities, 125
science education 

and environmental education, 201–203
inquiry-based, 113
and play pedagogies, 118
professional learning, 259
see also teaching science

science education pedagogical content knowledge (PCK) 
described, 265
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elements of, 266
enhancing, 269–270
examples, 268–269

Science as a Human Endeavour (SHE) 
definition, 36, 37
Foundation to Year 2, 37
sub-strands, 37, 178

science identity, 125, 127–134
Science Inquiry Skills (SIS) 

definition, 36, 39
Foundation to Year 2, 39
Outcomes, 179
sub-strands, 37, 179
words associated with, 200

science learning 
activities, 162–166
approaches to enhance, 74–80
customised, 162
described, 11
documentation, 246–247
documenting, 240–241
and educators, 12–13, 31
enhancing, 133–134
equity practices, 95–97
in family settings, 172–176, 180–181
for all ages, 75
formal and informal approaches, 76
informal, 171, 174–176
and intentional teaching, 223
and learning environments, 158–162
linked to EYLF, 28–31
observing, 237–239
place-based, 49
and play, 198
principles of effective, 109
program, 212
and puppets, 87–88
recollections, 171–172
strategies to enhance, 80–82

science play, 194–195
Science Understanding (SU) 

definition, 36, 37
plans, 210, 211
sub-strands, 37, 178, 199

scientist in the crib, 10
sea 
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activities, 217, 277–278
lesson planning, 229–232, 233

seaweed, 278
seeds, 224–225, 226–227, 233
self-directed learning, 161
self-efficacy, 61
shame, 101
shells, 277
sight, 287–288
sinking, 287
situated cognition theory, 57
skills, 98

4Cs, 138
social competence, 45
social implications, 98
social protocols, 100–102
society, and science, 92
sociocultural groups, 93–95
sociocultural perspective, 59–60
socio-dramatic role play, 111, 113
solitary play, 111, 112
sound, 130–132, 275–276, 288
space, characteristics, 158–159
space sciences 

Foundation to Year 2, 38
plans, 210, 211
statements, 284

spiders, 41–43, 273
STEM education 

and arts, 146
described, 137
observation, 148
and play, 139–142
recognising opportunities, 145–146
using, 142–144
why teach?, 138

stereotypes, 92–93
stories, learning, 247–248
storytelling, 98
structured play, 115–117
sustainability, 48, 201, 202
symbolic play, 109, 111
systematic observations, 249

talented children, 93
talking, children, 81
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targeted exploration, 80–81
teachers. See educators
teaching 

Aboriginal and Torres Strait Islander, 102–103
described, 259
directed, 198
effective, 60
equity practices, 95–97
incidental, 227–229
modifying approach, 96
observations of, 261
practices, 24–25
see also intentional teaching; professional learning; reflective practices

teaching science 
components of program, 212
constructivist approach, 213
early learning centres, 211
integrated or separate subject, 212
lesson planning, 229–232
and materials, 232
planning process, 212
topic planning, 216–219
whole-school plans, 210–211

technological literacy, 140–141
technologies, 99, 137, 142
technology, 137
term planning, 211
terminology, 12, 199–200, 239
theories of learning, 57–58

domain-specific, 59
theory of mind, 58
thinking, 45, 138, 148
time 

for play, 118
statements, 289

tinkering tables, 99
tools, using appropriate, 77
topic planning, 216–219
torches 

designing multi-purpose, 144
exploring, 143
making model, 143

toy programs, 214–215
toys 

codeable, 151
dropped, 65
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tubes and balls, 14

understanding 
intercultural, 45
probing for, 82–88

vacuum cleaners, 141
values, 98
verbal scaffolding strategies, 227–228, 237
Victorian Early Years Learning and Development Framework (VEYLDF), 20, 118
visitors, 98
visits, 98
Vygotsky, Lev, 59–60, 109

weather, 285
Western science, 99–100
whole-school plans, 210–211
writing, 98

zone of proximal development, 60, 62
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