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Introduction

Strand 15 of ESERA is dedicated to science education in the early childhood years, and the
2021 conference featured 6 accepted paper presentations and one invited symposium. Authors
that chose to share their research in Strand 15 represented Australia, Finland, France, Germany,
Greece, and Spain. Session themes from the 2021 conference reflect several key trends in the
field, including the role of digital technologies and play-based learning and early childhood
teachers’ inquiry-based practices. From the presentation sessions, there were three papers
submitted for inclusion in these e-proceedings that also met the technical, editorial
requirements. These are reproduced in the following sections; two paper presentations and one
symposium.

The symposium was organized by the Early Childhood SIG coordinators on Early Years
Science SIG Nature of Science Invited Symposium, which highlighted key results from three
different research projects related to the Nature of Science (NOS) in the early years. The
symposium introduced NOS pedagogy for the early years through four diverse foci. In the first
part on “Bush kinders: pedagogically promoting the nature of science”, Coral Campbell
and Chris Speldewinde presented research data of teachers in bush kinders in Australia and
examined their pedagogical approaches to highlight how NOS pedagogy could be expanded.
The second part on “NOS For Young Children: the ATLAS project” by Fanny Seroglou, from
Greece, explored different approaches to teaching NOS using creativity and art, including
animations, children’s books, theatrical play, e-books, online activities and Slowmation. The
third part on “making elements of scientificity explicit for Kindergarten Teachers” by Estelle
Blanquet and Eric Picholle from France presents a new tool for introducing Nature of Science
at the pre-school level focusing on criteria of scientificity and examining in-service teachers’
reflections on the potential impact on their practice. Lastly, a contribution by Lena Hansson,
Lotta Leden and Suzanne Thulin, from Sweden, explores the ways in which “Nature of Science
can be introduced through children’s books”. Collaboration between researchers and early
childhood education teachers was used to introduce NOS in the early years through book-talks
connected to trade books (narratives as well as expository books).

Papers were submitted by groups of researchers from Spain, that present intervention studies at
the early childhood levels, each exploring complex science concepts with young children. In
the paper Working Thermal Conductivity in The Early Childhood Classroom, Esther Pafios,
Maria-Antonia Lopez-Luengo, Cristina Gil and Cristina Vallés elaborate experiences in the
physical phenomenon of thermal conductivity through a structured intervention that involved
four activities related to thermal conductivity, as they also emphasize the role of material
resources. The first author of this presentation also submitted a second paper that is included
herein, examining young children’s biology-related conceptual understandings. In this
contribution, titled, Biology in the Early Childhood Classrooms: Plants also Die, Esther Pafios,
José-Luis Gomez and José-Reyes Ruiz-Gallardo introduce the topic of living and non-living

beings. The authors elaborate on an intervention for teaching the concept of death in plants in
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the early years and investigate children’s responses in a post-test and a delayed post-test,
drawing implications for teaching practice.

In organizing this contribution from Strand 15 to the ESERA 2021 conference e-proceedings,
we note that all three groups of authors emphasize young children’s capacities for
understanding scientific concepts and for reasoning scientifically. It is evident that students at
the early childhood levels benefit from opportunities to investigate phenomena close to their
lives, supporting establishing links between children’s everyday experiences and the focus of
learning in the classroom. The papers featured herein demonstrate a commitment within the
ESERA community to exploring the complexities of early childhood science teaching and
learning. We hope you will consider submitting to Strand 15 in the future, and enjoy reading
the papers.
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EARLY YEARS SCIENCE SIG NATURE OF SCIENCE
INVITED SYMPOSIUM

Estelle Blanquet', Coral Campbell’, Eric Picholle’, Fanny Seroglou?,
Chris Speldewinde’

"LACES, University of Bordeaux, Bordeaux, France,
2Deakin University, Geelong, Australia
SINPHYNI, CNRS & University of Cote d’Azur, Nice, France
“Aristotle University of Thessaloniki, Thessaloniki, Greece

Significant research world-wide has shown that a young child’s successful learning in science
depends on his teacher’s grasp of the nature of science as well as on his pedagogical
knowledge. However, there is much confusion about what constitutes science at kindergarten
level. Yet, the nature of science (NOS) is poorly understood by many teachers and, without a
strong guiding framework, early childhood teachers may miss opportunities to lead young
children to an understanding of the nature of science. But how might the nature of science be
expressed in such a context? The symposium explored various aspects of the nature of science.
This article will deal with the main ideas resulting from three different research projects,
selected in order to introduce the key aspects of NOS pedagogy in the early years while
emphasizing the variety of possible approaches to early years science, namely:

Part 1 - Bush kinders: pedagogically promoting the nature of science (Coral Campbell
& Chris Speldewinde). This part provides research data around the pedagogy of teachers
as they work in bush kinders. Teacher pedagogy is interrogated for its promotion of the
nature of science and discussion highlights ways that this could be further developed.

Part 2 - NOS For Young Children: the ATLAS project (Fanny Seroglou). This part
presents a number of different approaches to teaching NOS using activities for children
that involve creativity and art, including the creation of animations, children’s books,
theatrical play, ebooks, online activities and slowmation

Part 3 - Making elements of scientificity explicit for Kindergarten Teachers (Estelle
Blanquet & Eric Picholle). This part reports on the development of a new tool for
introducing NOS in pre-school. Trialled with a large group of early childhood teachers,
the study shows that they considered the work on the presented elements of scientificity
useful for their pupils and were receptive to the introduction of these elements to their
classroom practice.

Furthermore, an additional presentation by Lena Hansson, Lotta Leden and Suzanne Thulin
(Kristianstad University, Kristianstad, Sweden) dealt with the introduction of the nature of
science through children books. The idea of this project, performed in collaboration between
researchers and early childhood education (ECE) teachers, was to introduce NOS in the ECE
setting through using book-talks connected to trade books (narratives as well as expository
books). The empirical data reported consisted of audio recordings of book-talks (N=152) with
children aged 2-6 led by five teachers, audio recordings of focus groups and workshops (N=9)
with the teachers, documentation of children’s drawings as well as of artefacts used by the
preschool teachers. The results showed that discussions about a variety of NOS issues are
possible in an ECE context. It also showed that attention can be directed towards NOS during
book talks regardless of genre or if the books contain explicit NOS references or not. However,
book-talks connected to books without explicit NOS references require that the teacher finds
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other ways to direct attention towards NOS. The teachers involved in this project managed to
do this with only a short introduction to NOS. The authors concluded that book-talks have great
potential as an approach to introducing NOS to the youngest children. The results further
showed that the teachers experienced that the NOS book-talks had spin-off effects such as
increased curiosity, new questions, and engagement in investigations among the children.
These results pointed to the potential for NOS teaching to contribute to empowerment and
agency for the children, and positions NOS as an important part of science in ECE that values
democracy and social justice as central.

Keywords: nature of science, early childhood education, teaching practices

PART 1. BUSH KINDERS: PEDAGOGICALLY PROMOTING THE
NATURE OF SCIENCE

The Scandinavian and European approaches to teaching in forest schools have been influential
in the development of Australian nature or bush kindergartens, often known as bush kinders
(Christiansen et al. 2018). This type of early years’ outdoor learning gained momentum,
predominantly stemming from one pilot bush kinder that began in 2011 in a major metropolitan
city. Since then, bush kinder programs have rapidly increased in their number and popularity.
As bush kinders in Australia continue to proliferate, the research into bush kindershas found
that there are a range of pedagogical approaches that guides teachers’ practice with nature
pedagogy. Important to this in Australia is the Early Years Learning Framework (EYLF)
document (DEEWR, 2009) which provides a broad perspective on the benefits that learning in
the outdoors has for children.

Bush kinder approaches and structures are emergent, depending on factors such as context,
staffing and policy development. As this study illustrates, guidance provided to educators and
bush kinder teaching approaches are not necessarily a focus in initial teacher education courses.
This has the potential to leave a deficit in teacher understandings of how science learning can
be enabled and enhanced in nature-based surroundings. Professional learning specifically for
bush kinders is only just developing, suggesting that experienced teachers are reliant on their
own knowledge and experience of teaching in the outdoors (Campbell & Speldewinde 2018).
This is important because the bush kinder context is one that presents a range of challenges that
differ from the traditional classroom environment. Limited teacher education in this area
provides teachers with a predicament as they determine their pedagogical approach without the
backing of empirical research. This creates the dilemma of what is appropriate pedagogically
for bush kinders, particularly as elements of the nature of science such as;

e children’s capacity to observe what is occurring around them in nature;

e children’s ability to develop understandings of science through their inquiry and
exploration;

e children’s opportunities to hypothesise, theorise and validate science and;

e children’s capacity to imagine and be creative with science in nature
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The fieldwork led to consider the research questions:

e Do bush kinders, through the interactions that take place between teachers and
children, facilitate learners’ transition from being novices in their understanding of the
science in nature to becoming experts?

e Do bush kinders facilitate children’s understandings of the nature of science?

The fieldwork observations associated with this research project drew attention to the different
pedagogical approaches used by the teachers we observed. The ethnographic research method
drawn on for this study (Speldewinde, Kilderry & Campbell 2021), is one that allows for an
emergent research design, drawing on the work from Stan and Humberstone (2011). This
presentation examines those different pedagogical approaches in bush kinders using an
ethnographic lens of how pedagogy translates into practice in this early years learning context.
Ethnography was valuable here because it enabled us to observe bush kinder teacher behaviour
as it occurred (Aubrey et al. 2000, p. 121). Ethnography also allowed to consider the potential
and opportunities for bush kinder teaching as the analysis were not limited to one ongoing event,
but rather many events occurring simultaneously. As this was the case, a number of
ethnographic methods were employed to gather data, which included listening, watching, and
participating. ‘Being with people as they conducted their everyday duties’ both regularly and
fleetingly (Forsey 2010, p. 569) lent itself to considering ethnography as an appropriate
methodology.

Design of the project

The study discussed in this part used ethnography (Green & Bloome, 2004) which is suited to
research in bush kinder settings as the field site is open and requires the researcher to be mobile
(Speldewinde, Kilderry & Campbell, 2021). The methodological toolkit used in the study
applied a range of research methods including participant observation of teachers and children,
and listening to conversations between teachers, between children and between children and
teacher. At times, the researchers were drawn into these conversations as participant observers
(Speldewinde, Kilderry & Campbell, 2021). They also were able to conduct semi-structured
interviews, informal discussions, and capture images using photographic and video capture of
play and teaching moments. The range of data allowed them to interrogate the teacher
pedagogy. They regularly visited the site over two distinct periods of fieldwork, firstly in 2015
then again in 2017. These weekly visits took place over a two to three hour duration for three
different five-week blocks in both 2015 and 2017. These data collection visits allowed to
engage with the teachers and to understand what was happening over time. It gave a broader
understanding of events, rather than a one-off snapshot of the site and teachers.

The fieldwork associated with this research project took place at three bush kinder sites in the
Sandy Shore Shire (pseudonym) of south-eastern Australia, selected due to their close
proximity to the researchers’ University and each other. Chatlock bush kinder, was
characterised by its limited area for play. Wickelsham bush kinder, was an open rectangular
paddock with a strand of large cypress trees. Sunrise bush kinder was larger and had a mix of
grassed areas, large trees suitable for climbing, exploring and hiding.
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This short presentation focuses on three of the five teachers observed at the four sites. The
teachers’ pedagogy is considered using Edwards’ (2017, p.4) Pedagogical Play Framework that
consists of open-ended, modelled and purposefully-framed play (all being of equal pedagogical
value). Play-based learning is considered the ‘cornerstone of early childhood education
provision’ (Edwards 2017, p.4) and was influential in this analysis, guiding the researchers in
their thinking of bush kinder pedagogies as they had observed some intentional teaching in
some sites but not all.

Results

The researchers observed significant science experiences around physical, chemical and
biological sciences, as well as skill development. For example, children grouped various objects
such as twigs or gumnuts — classifying using attributes, they built with rocks, demonstrating
persistence, and frequently they were balancing on tree branches, experiencing friction and
force. When running and colliding they were involved in momentum and force. Ethically
appropriate behaviour was observed as the children were careful in their handling and in
awareness of small animal needs. Children observed and commented on changes to the
environment due to weather and seasons. Teachers 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 a child’s play.

Teachers were observed being successful in their endeavours in the bush kinder, each with a
very different approach to children’s learning and teaching. Even though each approach was
beneficial for children’s learning and teaching, the researchers were left to ponder whether there
should there be a specific pedagogical approach that facilitates children’s understandings of the
nature of science in a bush kinder? Although they do not consider this is necessary at this point
in time, they do acknowledge that it would be beneficial for teachers to better understand the
contextual limitations and possibilities afforded when teaching science in nature with preschool
children.

Conclusion

Findings suggest that the bush kinder environment acts as an enabler for children to experience
and improve their understanding of a range of science ideas, and the nature of science. However,
there is an impact in the scope of children’s learning based on the educator scaffolding. It is
argued here that bush kinder, through the interactions that take place between teachers and
children, facilitates learners to transition from being novices in their understanding of the
science in nature to becoming experts. To date, research observations indicate that there is no
particular way to adopt a pedagogical approach when it comes to teaching in bush kinders.
What is important is for teachers to be cognisant of their practice. They need to adjust their
practice from their everyday, regular kindergarten pedagogy to a different pedagogy more
suited to the outdoor context. Teachers also need to understand the affordances that outdoor
nature spaces provide for early years learning while being aware that children’s learning can be
dependent upon what a teacher is aiming to achieve through being in an outdoor bush kinder
context.
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Going forward, the opportunity exists for further research particularly as bush and nature
kindergartens are proliferating. The variations between sites and teachers offers the prospects
for further insights into pedagogical approaches. Because of this relatively new context, the
impact on children’s affinity with science has the potential to be further explored.

PART 2. NOS FOR YOUNG CHILDREN: the ATLAS project

Is it ever too early to introduce a child to the NOS perspective? From the very first time we
speak to young children about science we should use the NOS context. Learning of and about
science is a dual mode of approaching science knowledge that provides both appreciation of
science concepts and an understanding of what science is and how it works, the latter being a
pre-requisite for the former. A variety of NOS teaching applications are presented with a series
of examples, while in all cases NOS is taught to young children using activities that involve
creativity and art. These NOS teaching applications have been carried out by the ATLAS
research group in Greece and follow the GNOSIS research model in their structure, while
attempting to bridge education and entertainment for young children towards a science
edutainment.

NOS Activities for young children: the edutainment approach

Science learning is one of the information exchange activities of our society and has to follow
the multimodality and flexibility in communication and interaction characterizing all parts of
our lives. If it doesn’t evolve and adapt then it might gradually lose touch with its audience
(Seroglou et al., 2019). Narratives in NOS edutainment sculpt and structure information through
multimodal learning inputs into easily understood representations of abstract science concepts
and theories guiding young learners’ comprehension. NOS narratives that educate and entertain
contribute to the understanding of abstract concepts and phenomena of science as they re-
contextualize the traditional science content supporting a new image of science. Abstract
science concepts, phenomena and theories as well as NOS aspects acquire form, image and
sound (Seroglou et al. 2019; Avraamidou & Osborne, 2009; Brock et al., 2002). Children and
teachers who take part in edutainment activities with NOS narratives co-operate with each
other, talk about science and learn in a friendly and effective way.

With a series of examples, a variety of NOS teaching applications are presented, while in all
cases NOS is taught to young children using activities that involve creativity and art:

a) Animations about science with NOS inputs have been developed by researchers using
4 young children as cartoon heroes that jump in and out of paintings and discuss about
viruses.

b) Children books about science and NOS have been published to promote science
teaching in the classroom and science learning for young readers in their time of
leisure.

c¢) A theatrical play for children about climate change has been staged with interactive
activities for the children.

d) E-books about science and NOS with on-line activities have been developed.
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e) Slowmation (i.e., slow animation) movies have been developed by kindergarten
teachers and/or young children presenting science in NOS context.

NOS edutainment approaches have a dynamic role not only in the classroom instead of the
formal curricula, but also in parents’ creative time with their children at home, in children’s
free time as leisure activities, on stage as a performance for children and adults, on-line for e-
learning and m-learning learning activities for children. Science concepts and theories, nature
of science aspects, values and attitudes fostered by science, contents and contexts of science,
interrelations of science and society are re-contextualized in the developed stories, the on-stage
performances, the classroom and on-line activities while children get both educated and
entertained.

Discussion

The above NOS teaching applications have been carried out by the ATLAS research group in
Greece and follow the GNOSIS research model in their structure, that emphasizes seven aspects
of NOS teaching and learning: a) the nature of science contents, b) the nature of science
contexts, c¢) the synthetic nature of science as a product, d) the nature of the evolution and
methodologies of science, €) the nature of interrelations of science and society, f) the nature of
attitudes expressed through science, g) the nature of values fostered by science. The attempt to
bridge education and entertainment for young children towards a science edutainment is a huge
but inspiring challenge for pupils and teachers, as well as a new milestone for science education
researchers and curriculum developers. At the same time, the detailed study of the learner's
interaction with the NOS edutainment approach provides critical information for the design of
educational material and its use in formal, non-formal and informal learning environments. The
encouraging results during the evaluation of the ATLAS case studies bring forward demanding
questions on how to transform science teaching and learning to creative NOS edutainment that
would support science learning and inspire all children to learn science.

PART 3. MAKING ELEMENTS OF SCIENTIFICITY EXPLICIT
FOR KINDERGARTEN TEACHERS

Some countries encourage the teaching of NoS at every level, including Kindergarten. For
instance, in the USA, the chosen approach of the NGSS (2013) is to define specific categories
and to adapt the content of each category to the considered level in a top-down approach. Most
Science Education researchers use a similar top-down approach when they propose frameworks
for Kindergarten level (Lederman & al., 2013; Akerson & Donelli, 2009). Oppositely, some
countries don’t mention NoS, or even fail to mention science at all in their curriculum for
Kindergarten pupils. In France, merely a very short section of the curriculum is dedicated to the
“exploration of the living world, objects and matter ”; French pupils are expected at the end of
Kindergarten to ‘recognize the main stages in the development of an animal or a plant and
know the essential needs of some of them, locate and name the different parts of the human
body, on oneself or on a representation, choose, use and know how to designate tools and
materials adapted to a situation, to specific technical actions, build constructions, use digital
objects, begin to adopt a responsible attitude in terms of respect for the them and the protection
of living things’ (MEN, 2020). No further mention of science teaching can be found in the K1-
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K3 curriculum either, nor is there any explicit mention of NoS at the upper level (K4-5) of
primary school curriculum. A somewhat related section reads: “Practicing scientific and
technological procedures” at K4-5 level and proposes a short list of items that pupils should
master at the end of elementary school: ‘formulate a question or a simple scientific or
technological problem,; propose one or more hypotheses to answer a question or a problem,
propose simple experiments to test a hypothesis; interpret a result, draw a conclusion;
formalize a part of its research in written or oral form’. Considering the vagueness of the
French curriculum about NoS, the rather minimal time dedicated to science in the initial training
or teachers (which is supposed to allow them to teach both at Kindergarten and elementary
school levels) and their lack of previous knowledge, it is not very surprising that French
Kindergarten teachers tend to present a rather limited understanding both of how science work
and of how to teach it.

Previous studies (Blanquet & Picholle, 2017) developed a bottom-up tool based on an explicit
set of criteria of scientificity (table 1) to provide a guideline to primary school teachers adapted
to the French context but also to a wider public. This set doesn’t need to be considered as a
whole in school; to the contrary, arbitrary subsets of 2 to 7 criteria appear far more suitable to
actual inquiries, allowing both some elbow room for the teacher to adapt his choice of subset
to his own pedagogical priorities, and an evolution of the number of criteria with the age of the
pupils, which gets more and more ambitious as their understanding of NoS grows. The
formulation of the criteria doesn’t change with the age of the pupils (instead of the formulation
of the categories in the NGSS Standards for instance, 2013).

Table 1. List of the full set of 22 criteria of scientificity.

Scientific Method | Observation/Experiment | Discourse&Representations | Argumentation
&Theorisation
Primacy of testing | Opportunity Lexical Coherence Logical Coherence
Awareness Repeatability Symbolic Coherence Non scolasticity
Exploitation of the | Replicability Internal Non-contradiction | Univocity (of a law)
spectrum of Robustness External Non-contradiction | Robustness (of a law)
generality Completeness and Non vacuity Economy (of a law)
Integrity Economy of Relativity
Transmission documentation

A subset of 5 criteria most likely to be accessible to Kindergarten children was identified —
namely, primacy of testing; reproducibility of an experiment (including repeatability and
replicability); its robustness (i.e. a minor modification of the conditions of an experiment does
not change dramatically its result); exploitation of the spectrum of generality (i.e. navigation
between specific and general formulations); awareness (i.e. navigation between the real world
and its representations). Do Kindergarten teachers consider this new tool useful for their
practice? If so, how would they apply it? Among these criteria, which are consider by early-
years teachers the easiest to implement in their classes?

Methods

Data collection Procedure: The data was collected as part of an in-service training program

(duration: 3 to 6 hours) from a total of 87 kindergarten teachers separated in two groups, A (62)

and B (25). The training courses focused on the teaching of science in kindergarten through an

investigative process. Participants were told that the courses included a new approach based on
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scientific elements and that they would be asked to express honestly and anonymously at the
end of the training their opinion on its interest in their practice. During these two training
sessions, teachers were invited to quickly experience different educational sequences based on
children's books (Blanquet, 2010). Then, they analyzed the issues in terms of content and
scientific approach, with the trainer naming the various elements of scientificity explicitly
worked with them (and their students potentially) during these sequences. The previously
identified most likely five elements were included in the training of group A. Three somewhat
more sophisticated elements — namely, lexical coherence, completeness and economy of
documentation — were introduced as part of a longer training (6h) with very experienced
teachers (group B). The two groups were asked to answer the open question “Do these criteria
seem useful to you for your practice? If so, in what way?” They were also asked at the end of
the training to rank the elements of scientificity presented from the easiest to the least easy
according to them to set up in their class. Group A was being invited to classify all the elements
of scientificity presented and to add free comments, group B left free to classify all or part of
the elements of scientificity presented.

Analysis of data: It was possible to distribute the participants’ open answers into four wide
categories, in which 90% of the answers spontaneously fell: elements used as a frame of
reference, preparation of sequences, regulation of the implementation, step back and evaluation
of their practice. Certain elements could then associated to reveal subgroups of criteria selected
selectively by the participants.

Results

1. Open question: almost all respondents (86 out of 87) consider that the elements presented are
useful for their classroom practice. A single teacher considered them ‘complicated for little
ones except maybe for exceptional children’. Among the 86 teachers who found the presented
elements useful, 34 did not provide examples of possible use. The practical uses envisaged by
the 52 remaining teachers fell into four main categories: elements used as a frame of reference
(n = 35), preparation of sequences (n = 20), regulation of implementation (n = 21), review and
evaluation of their personal practice (n = 13). 44 of the 62 teachers who were offered to leave
a comment took up the suggestion. All feedbacks turned out to be positive and focussed mainly
on the pleasure and interest of working with children's albums to work on the experimental
approach. Six comments related to the elements of scientificity: one teacher was a little worried
not