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ECE resources

While science-like exploration is natural for young children 7, the capacity of children to acquire science
knowledge solely through child-centred free play has increasingly come under question?. Instead,
research advocates for the importance of intentionally planning to introduce specific science concepts
and language to children in a structured way that is meaningful to their play and activity. While there are
rich possibilities for science learning in the environments of early childhood settings, children may not
be consciously aware of the scientific concepts involved in their play?, and infrequent and fragmented
science learning that is not integrated into a cohesive structure is not likely to promote children’s
scientific understandings®.

Intentional teaching is both responsive (to children’s initiatives and interests), and proactive (by
deliberately planning and implementing experiences that children may not think up or be able to carry out
on their own)®. Often, teachers can effectively introduce or reinforce science content within an existing
interest or play theme that is meaningful and motivating for children®. This requires teachers to be able

to ‘se€’ the science learning potential in children’s talk and action’, and draw on a range of pedagogical
strategies to facilitate science learning®, offering information and actively teaching ideas at the same time
that they are responsive to children’s perspectives and play interests®. Teachers can build on children’s
play in ways that challenge children to think or act in new ways, extend their play scripts'®, and apply their
developing knowledge in new contexts.

Teachers can demonstrate high expectations for children’s science learning by a more proactive
approach in which they intentionally generate children’s interest in diverse scientific concepts (in contrast,
teaching that is focused on putting out materials and following children’s interests is indicative of lower
expectations for children’s science learning)'. While children’s interests have long been an important
foundation on which teachers plan for and extend learning, children may not have the experience to

know what science-related content they might be interested in'2. Teachers can assume that young
children will enjoy learning about science concepts, especially if they help them see science as relevant
and meaningful'®. Teacher-guided and teacher-initiated activities' can be used to help children build

on initial discoveries made in play's, or to introduce particular science content that children might not
access through child-centred play alone’. Deliberately setting up carefully conceived learning experiences
to support science learning'” is crucial for furthering children’s learning about specific concepts in

a structured way that enables them to build increasingly accurate and complex concepts. Teachers
should engage children in their teaching, while remaining open to the children initiating different ideas or
directions for a science activity'

Science-rich environments

Positive environments for science exploration are especially valuable during the early years, where
play provides an important foundation for developing basic scientific practices and conceptual
understandings™. Rich environments can facilitate natural processes of discovery?, often informal and
incidental, such as observing changes in the weather or a special insect in the garden?', which provide
authentic contexts for providing children with scientific explanations??.
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Some early childhood settings may choose to have a designated science area. This can be supportive of
science learning, although it is dependent on how it is used: without teachers being actively involved in
demonstrating and using the resources in the science area, research finds that children rarely spend time
in designated science areas?. To promote science learning, science areas need to be attractive to children
(often the presence of a teacher serves this function), the area needs to feel appropriate and interesting
to children, and children need to be able to recognise the tools and materials and know how they might

be used?.

Science equipment might include observation and measuring equipment, such as magnifying glasses,
mirrors, light boxes, tape measures, weighing scales, timers, thermometers, and rain gauges. Tools need
to be fit for purpose: for example, metal spades that can cut through the soil, and magnifying glasses
that satisfactorily magnify for children to see finer details?® (otherwise, they may frustrate exploration). It
is also important to have resources ready for recording findings, such as a range of visual arts materials,
and reference materials such as books, posters, and websites. Other things that can be useful are a range
of loose parts made of different materials (not always plastic). Finally, children can also explore and
represent scientific ideas through realistic props, including animal and people figures, figurines of a life
cycle, soft toys, and finger and hand puppets.

How materials are placed, and how open-ended they are for children’s exploration, will affect the quality

of children’s inquiry and exploration?. Teachers should ensure that children are able to observe and
manipulate resources in a way that will enable them to reflect upon scientific concepts. For example,

to explore and begin to conceptualise the science within the movement of objects, it is important that
children can act upon objects to produce movement, observe immediately the way the object reacts, and
vary their actions on objects to observe different effects?. Teachers should also be available and actively
promoting children’s construction of understanding about what they are doing and observing, and using
resources to directly teach science concepts. Some resources and materials can help to make hard-to-
grasp concepts such as force and air tangible to children. For example, children can collect air and wind in
plastic bags, which helps them to understand that air can take up space (and therefore is a form of matter)
even though it can’t be seen?.

How does play support science learning?

As a medium through which children find things out through physical exploration, imagination, and
experimentation, play can support science learning?. In play, children are often highly engaged and paying
attention to what they are seeing, hearing, touching, and tasting, which supports them in acquiring, storing,
organising, and applying concepts and information®. Play also offers a context in which children can
repeat and practise skills and test scientific ideas®'. Schema play, in which children engage in dedicated
and repeated exploration of a concept such as trajectory (the patterns of movement of moving objects) or
envelopment (covering things and oneself) involves scientific concept formation about the properties of
materials (which objects roll or propel, which wrappings are flexible or transparent/opaque) and with the
consequences of actions (applying force to propel objects in the air, layering fabrics or paint).

Play offers opportunities to move from thinking and talking about the world ‘as is’ to talking about ‘as if’,
which helps children engage in different reasoning and ways of thinking, including those of imagining and
anticipating possibilities (‘what if we did this? what might happen then?’), which are crucial to science®. In
addition, role play and narrative play help children think metacognitively (as they think about and explicitly
discuss rules for playing particular roles), which is a kind of conscious reflection that is important for
increasing awareness of science concepts®®. The imaginative aspects of play can also imbue science
learning with a heightened emotional investment on the part of children, and help create a positive
emotional tone around science experiences®. Teachers can also build powerful emotional responses to
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science learning by connecting science with meaningful stories and story characters with which children
can identify and be motivated to engage in scientific problem-solving®.

While much science content knowledge is embedded into play experiences, this does not necessarily
mean that children are making meaningful connections with science knowledge, and acquiring, testing,
refining, and reflecting on their knowledge and skills®. In fact, several studies demonstrate children
enjoying imaginative play with resources planned for science learning, while not engaging fully, or at all,
with scientific ideas®”. Examples include children connecting a tray of seaweeds and sponges in the water
tray to SpongeBob SquarePants™ and enacting some of the narratives they know from that television
programme®. In other words, resources cannot do science teaching for teachers®. Often children need
the support of teachers to connect their play activities to particular scientific concepts and content®. It is
important for teachers to build on the experiences children are having, and draw attention to the science
content within them, by putting words to what is happening, sharing experiences*'. For example, playing
with sand, water, mud, and natural materials like straw and jute can help children learn the properties of
materials. Yet the possibilities for science learning in play are strengthened if teachers are primed and
ready to introduce science vocabulary related to concepts such as flexibility, elasticity, and strength.
Appropriate structuring, rather than simply giving children information or leaving them to discover it

for themselves, is important for young children to develop conceptual understandings in science®2. In
particular, children from disadvantaged backgrounds (who may lack the cultural capital needed to navigate
discovery-based learning approaches)®, and neurodivergent children*, benefit hugely from activity-based
inquiry in which teachers provide appropriate levels of guidance and explicit instruction.

This means that employing a range of play types is important for science education*. Play types might
include open-ended play, but also types of play in which more teacher involvement is promoted, such as
modelled play (in which teachers illustrate, explain, and demonstrate scientific ideas and activities)*. The
use of different play types should be seen as pedagogical*’, which means intentionally thinking about
and planning how to use play, and different pedagogical strategies within play, to enable children to learn
specific science content*s. For example, one possible sequence of play types might begin with open-
ended play, so that children become engaged, notice things, ask questions, and wonder, followed by the
teacher providing modelled or structured play in which children are supported to predict, observe, and
make a record of what they discover*’, and then guided sessions in which children reflect on their data,
construct explanations and theories, draw conclusions, and develop new questions®. It is also possible
that modelled play is used to first to orient children to the possibilities for scientific investigation in a
particular play activity, with open-ended play offered next to enable children to practise and consolidate
their learning®'. Open-ended play might be important for ascertaining what children already know about a
science topic before teacher involvement is planned®2. The science topic, its complexity and familiarity to
children, and knowledge of the children themselves will all be relevant to teachers’ pedagogical decisions
about what kind of play and when to offer it.

The role of the teacher

Children construct content knowledge when they work with teachers who already hold some scientific
content knowledge themselves and can facilitate children’s understandings, whether this occurs within
richly-resourced free play contexts or in more guided science experiences®. As the previous sections
have emphasised, science-rich, playful environments successfully promote science learning when there
is the planned, intentional, and science-focused participation of teachers in children’s activities. Rich
and systematic science experiences, in which the learning achieved in one experience is carefully built
on in the next, enable children to develop and consolidate increasingly complex skills and concepts over
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time®. The best science experiences for promoting science learning are appropriate pitched for children’s
understanding, ongoing, contextualised, and coherent®®. This requires teacher forethought and planning.

Intentional teachers need to have specific, although relatively open-ended, science learning goals for
children, in which there remains a place for children to guide their own inquiry5¢. Specific goals enable
teachers to help children pay attention to the important aspects of an experience for science learning®.
Given the vast amount of sensory information present in early childhood science activities, teachers
shouldn’t assume that children will attend to the most relevant features of a phenomenon, but should offer
support for them to understand which features matter and which are incidental®®.

Guiding children’s observations and activity by asking questions is more useful for most children to gain
new understandings than teachers simply stating science facts®®. Questions can invite children to connect
observations and to develop theories, and support them to focus their thinking in ways that can help them
unpack key scientific ideas and make sense of complex phenomena®. Questions that support children

to notice patterns, similarities, and differences in the events they observe®', and that invite comparison,
measuring and counting, and problem-posing are all useful®?. Teachers’ questions might engage children’s
imagination: ‘How does a rainbow happen? What does it feel like? Could you stand on it? Slide on it? Where
did the rainbow go?'¢®. As children ask and answer questions, they are constructing their own science
knowledge. When questions are asked, teachers should offer plenty of time for children to think, and not
expect immediate answers (nor keep up an incessant string of questioning). Some children may need to
demonstrate their thinking and ideas through other means, such as drawing or acting them out.

Discussion with teachers and peers is really important for enabling children to make explicit (verbally

or visually) their expectations about science phenomena, and this can facilitate them to develop their
theories more readily®*. Good science-based discussions depend on pedagogical practices such as
sustained shared thinking and intersubjectivity®®. Sustained shared thinking occurs in conversations in
which teachers and children listen deeply to one another, and build a back-and-forth dialogue in which they
build on what the other has to say. Intersubjectivity (shared understandings, interests, and meanings) are
crucial for sustained shared thinking to occur. Without intersubjectivity, teachers will not know what will
hold a child’s attention, what they will find interesting and meaningful, or what they will be able to make
good sense of%. Explanations are likely to be more effective when children and adults share joint attention
and achieve intersubjectivity®’.

Intentionally providing children with scientific content knowledge is found to be important because this
knowledge can filter and focus children’s observations®. Children often need the support of teachers to
help them look scientifically at their finds and discoveries, relating and building their understanding of
these in relation to the formal knowledge system around this phenomenon®. Research shows that without
support to focus and connect their observations, even school-aged children’s learning is limited as they
fail to notice important and relevant things”. For example, understanding that the number of legs is a
distinguishing feature of the class of creatures known as ‘insects’, children will be more alert to observing
the number of legs on the creatures they find in the garden. Knowledge from science teaching therefore
changes how children think about and explore their environment’’. Children need to be shown, and
specifically discuss, many examples which demonstrate the essential features of a category or concept:
for example, learning the concept of mammal by comparing whales and fish, bats and birds?? (you might
have noticed how very young children tend to overextend concepts, such as applying ‘dog’ to every animal
with four legs). In addition, research suggests that as children gain knowledge and competence, they are
more likely to sustain interest in a science topic’.

While it is useful for teachers to ask questions to support children to think scientifically and use their
emerging scientific knowledge in constructing models and theories about how the world works, it
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is also important to provide opportunities to listen to children’s developing theories and questions.
Teachers can turn children’s questions back to them’ perhaps developing these into the focus of shared
inquiries. Children’s use of language and expression of ideas can reveal their current thinking’®, and

help teachers identify which science concepts and questions are appropriate for children’s current level
of understanding. Children also need support from teachers with building on their understanding from
past experiences and ongoing conversations related to a topic, linking their ideas and extending on their
thinking from day to day. Teachers can help children here by encouraging them to create models and
representations of their growing understanding of science ideas, and then using these as a reminder of
their previous thinking and as a tool to support them to build on this thinking 7®
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