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Abstract

Although the education of young children in science is not a completely novel field of
research, recent years have seen a renewed interest and a shift in research discourse toward
addressing contemporary challenges and dilemmas. Within this, some features maintain
continuity with past traditions, developing them to a place of contemporary relevance,
as is the case for the focus on children’s perceptions of various scientific concepts and
phenomena as well as teachers’ perspectives on these issues. At the same time, new
research dimensions have emerged that focus less on the “what” of learning and more
on the “how”. In this direction, innovative educational practices are being designed
and implemented, diverse forms of representation and expression are being exploited,
and learning contexts are broadened. This article presents such research directions and
perspectives on early childhood science education that advocate more participatory and
inclusive approaches, more attuned to the multiple forms of expression that young children
use to make sense of the world.

Keywords: early science learning; children’s perception; teacher’s perception; research
trends

1. Introduction

Scientific thinking is not the prerogative of adulthood. It begins in early childhood
when children engage with their world through exploration, questioning, and meaning-
making. Although early childhood education has been a long-established field of research, a
specific focus on science education during early childhood years emerged relatively recently,
but displays constant development (Ravanis, 2017; Siry et al., 2023). Recent shifts in early
childhood science education emphasize the consideration of young children as informed
participants rather than passive learners. This Special Issue of Education Sciences showcases
contemporary research at the intersection of early childhood education and science learning,
reflecting a growing consensus on the value of scientific experiences in early years. Each
contribution included in this issue reveals how young children develop scientific concepts,
how teachers and contexts shape these learning trajectories, and how innovation, from
augmented reality to nature-based education, can engage children in inquiry activities. In
addition, the importance of creating rich and diverse learning environments that encourage
children to explore, experiment, and understand the world in a scientific way is highlighted.
Collectively, the articles included in this Special Issue underscore the importance of listening
to young children, amplifying their voices, and situating science learning within real-world
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contexts. From this perspective, science is presented in an accessible and engaging way
with the potential to become a powerful tool for developing children’s critical thinking,
creativity, and confidence. As Siry, Cabe-Trundle, and Sackes (Siry et al., 2023) point out,
“early years science education can lead to important outcomes, which go beyond discreet
skills and content knowledge” (p. 3).

A lot can be learnt from children when they are given the opportunity to participate
in the processes that concern them and are valued as competent communicators. The
acknowledgement and acceptance of this approach also opens up a new framework for
research in early childhood education by positioning children as ‘experts” on the issues
affecting their lives and requiring the development of new ways of communicating and
exploring children’s perspectives in order to enable them to participate in data collection,
processing, and analysis. In other words, children’s participation refers to processes in
which children activate their thinking (Clark & Flewitt, 2020). Grounded in sociocultural
theory, we advocate a participatory view of learning where young children are not passive
recipients but active meaning-makers and contributors. Many research perspectives remind
us that children’s learning stems from participation in culturally and socially mediated
practices (Hedges & Cullen, 2012; Hedegaard & Fleer, 2008). From this stance, research that
recognizes children’s agency, symbolic capacities, and collaborative engagement enriches
both theory and practice. Co-research with children gives them the opportunity to develop
a wider range of skills and to try out different roles without this necessarily implying
that the teacher or researcher abandons their own role as researcher; the nature of the role
changes as new opportunities to co-construct meanings emerges.

Our view is further supported by the recent review of early childhood science educa-
tion conducted by Siry, Cabe-Trundle, and Sackes (Siry et al., 2023), who emphasize that the
field has evolved significantly in the last two decades to recognize the value of inquiry, play,
and holistic approaches to science education. They highlight how scientific thinking and
modeling are achievable by young children and stress the importance of early experiences
in fostering lifelong scientific literacy. Their findings echo the trends highlighted in this
Special Issue and the specific consideration they afford to young children’s engagement in
science activities.

2. The Importance of the Empowerment of Science Education for
Young Children

According to the sociocultural perspective, each class is a context with its own particu-
lar practices that allow its members to co-construct common meanings by participating
in classroom interactions (Hedges & Cullen, 2012). Learning is related to the children’s
involvement in processes and different types of activities available to them, which concern
both the way in which children participate and the knowledge they gain through them
(Hedges & Cullen, 2012; Rogoff, 2008). Therefore, it is important that learning and teaching
focus on children’s potential for learning and the exploitation of their perspective.

Educational research can incorporate participatory processes using appropriate tools,
as has been demonstrated in recent years by the application of the Mosaic Approach, as
formulated by Clark and Moss (2001, 2005). Participatory research gives children the
opportunity to take an active role in the construction of meaning and knowledge and to
make their own perspective visible. This perspective can then be used as a guide to redefine
the perspective of researchers and teachers, creating opportunities to consider children as
‘co-researchers’, meaning they are willing to leave space for children to take initiative and
share the ‘power’ of each interpretation with them.

The extent to which children can participate depends not only on their own abili-
ties but also on teachers” perceptions of these abilities, which ultimately influence the
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practices teachers adopt in the classroom. Children’s perspectives and learning processes
are recorded in different ways so that they can be shared, discussed, and reflected upon,
therefore meaning that they often take responsibility for contributing to their own learning
and to the group’s projects. Traditional methods of observation and interviewing have
been enhanced by participatory tools that children themselves can use (e.g., photographs,
creating books, maps, etc.). This shift is particularly vital in the context of early science
education, where children’s ideas, emerging conceptual frameworks, and everyday ex-
periences play a formative role in how they make sense of the natural world. Involving
children as informants respects their agency and affirms their capacity to contribute mean-
ingfully to educational research and practice. In science education in particular, where
curiosity and interest are foundational, children’s questions or reasoning act as entry points
for meaningful learning and teaching and such contributions challenge researchers and
educators to design more responsive, inquiry-based curricula. Participation in research can
also have an empowering effect on children themselves. When they see their voices valued,
their ideas taken seriously, and their questions explored collaboratively, they develop a
stronger sense of self-efficacy and intellectual agency (Kampeza & Delserieys, 2020) which
in turn leads them to develop a deeper engagement with science as a way of thinking,
questioning, and understanding the world.

To summarize, the studies included in this Special Issue can help us realize that recog-
nizing young children as informants is not a methodological luxury—it is a prerequisite
for empowering science education that is inclusive, dialogic, and grounded in the lived
realities and imaginative capacities of early learners.

3. Research Trends and Implications for Learning

Emerging evidence presented in this Special Issue underscores a shift in how we view
early science education. Collectively, these works highlight innovative approaches that
support children’s early capacities for complex thinking, from digital tools and multimodal
representations to child-centered inquiry and enhanced teacher preparation. In recognizing
preschoolers” abilities to grasp scientific concepts, researchers are pointing toward enriched
curriculum and pedagogical designs that leverage expression, play, technology, and guided
inquiry. These trends carry significant implications for early childhood science teaching
practice, suggesting the need for learning environments that nurture child agency, incor-
porate novel educational tools, and empower educators to facilitate deep science learning
from the earliest years.

3.1. Children’s Conceptions, Models, and Ideas in Science

The way in which children think and their ideas about the concepts and phenom-
ena of the world around them have different starting points and are constantly changing.
One important theme present throughout the current research in early science learning is
the capacity of young children to engage with sophisticated scientific ideas when given
appropriate support. Several studies demonstrate that preschool-aged children can form
meaningful conceptual understandings that have sometimes been considered “too ad-
vanced” for their age (Eshach & Fried, 2005). Learning is a dynamic process that requires
the child’s genuine participation in order to create his/her own meanings (Rogoff, 2008).
Although in relevant research concerning young children’s beliefs and ideas, a number
of terms are used that often indicate difficulties or misunderstanding, such as alterna-
tive conceptions, misconceptions, mental representations, etc. (Ravanis, 2022), there is a
constant interest in exploring children’s thought and the way they comprehend scientific
concepts and phenomena. The current perspective does not focus so much on mapping the
difficulties leading to the divergence of mental representations from knowledge gained in
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school, but rather aims to highlight the range of skills, knowledge, and abilities available
to children which are shaped in their family and social life. Thus, researchers and teach-
ers who adopt this dimension bring more participatory practices into classrooms, giving
children the opportunity to make use of their funds of knowledge (Hedges & Cullen, 2012).

An example of this approach can be seen in the work of Christodoulakis and Adbo
(2024), who conducted a longitudinal, play-based intervention exploring how preschoolers
develop chemical concepts. Drawing on framework theory, they documented how 3- to
5-year-olds shift from intuitive to scientific conceptions of matter using embodied activities,
metaphor, and visual representations (e.g., “tiny balls inside everything”). Children viewed
zoomed-in videos and engaged with storytelling and material-based activities. The results
suggested that children’s ontological frameworks evolve with structured multimodal
interventions as they found that 4-5-year-old children began to construct an interconnected
network of scientific concepts about matter at the submicroscopic level. The children in
their study could imagine invisible particles and understood that water retains the same
tiny “balls” (molecules) in different states, indicating an emerging grasp of molecular ideas.
With regard to teacher training, this reinforces the need for epistemological awareness and
scaffolding strategies that align with children’s intuitive models.

Similarly, Jelinek’s (2024) intervention on conceptualizing the Earth’s shape fore-
grounds the significance of children’s mental models and their evolution over time. Je-
linek’s work contributes to the research concerning children’s ideas and appropriately
organized educational activities that can be effective in supporting children, using the ex-
ample of how forming the concept of a spherical Earth can act as an essential starting point
for understanding elementary astronomy. The use of the EARTH2 test allowed children to
express their conceptual frameworks through visual selections, reflecting internal models
of understanding. Through a multilevel educational intervention with 7-8-year-olds, the
author shows that model building (with a ball-Earth) prior to using the globe as a codified
artifact enhances the cognitive integration of the concept of globality. The intervention
additionally enhanced children’s curiosity and led to spontaneous questions about Space
that extended far beyond the scope of the school curriculum.

Ioannou, Kaliampos, and Ravanis (Ioannou et al., 2024), on the other hand, deal not
only with the transformation and evolution of children’s mental representations but also
with the formation of precursor models in children’s thinking. Their research concluded by
acknowledging that it is possible to some extent to transform young children’s initial mental
representations into representations compatible with school knowledge. More specifically,
they address children’s mental representations of clouds, as well as condensation and the
precipitation of water vapor, implementing a qualitative study involving 19 preschool
children. The survey included pre-tests and post-tests for recording children’s mental
representations, as well as a structured teaching process adapted both to children’s cognitive
needs and the conditions of a real classroom.

3.2. Teaching Strategies

Across these studies, there is a strong emphasis on teaching strategies that adopt
child-centered inquiries in early science learning. Young children are not just capable of
absorbing scientific facts, they are inclined to practically do science when provided with
the right opportunities. More importantly, with the appropriate scaffolding, children can
develop first understanding of science concepts and scientific reasoning skills.

In their study of young children’s mental models of condensation, loannou, Kaliampos,
and Ravanis (Ioannou et al., 2024) also introduce interesting teaching strategies for kinder-
garten settings in Greece. The teaching strategy they developed followed an inquiry-based,
four-step engineering design process: problem definition, exploration, modeling, and



Educ. Sci. 2025, 15,1194

testing. Their research results showed a transition from fragmented ideas (“clouds are
sponges”) to cohesive precursor models incorporating key features of scientific mod-
els (e.g., invisible vapor, cooling). In stressing the importance of sustained, structured
inquiry within playful contexts, these findings also suggest that teachers may benefit
from professional development that focuses on designing science activities with iterative
modeling opportunities.

Garcfa-Rodeja, Barros, and Sesto (Garcia-Rodeja et al., 2024) present a case study of
undertaking inquiry activities about woodlice with 3- to 5-year-olds. Over seven sessions,
children generated hypotheses, conducted observations, and participated in designing
simple experiments. The study documents children’s challenges with experimental control
but highlights their ability to express curiosity, categorize traits, and adapt their thinking
through dialog. Their study outlines the key elements that support inquiry-based teaching
for early science education, and, in particular, stresses the importance of prioritizing
support for planning inquiry sequences, guiding observations, and creating the conditions
for young children to articulate their scientific reasoning.

In a complementary study, Papantonis Stajcic, Vidal Carulla, and Akerblom (Papanto-
nis Stajcic et al., 2024) analyze Swedish preschoolers’ questions during a digital interactive
chemistry session. Children asked spontaneous questions (e.g., “Can molecules dance?”)
that reflected imaginative reasoning and prior experiences. The findings reveal the value of
children’s questions as entry points into complex science content and advocate for training
teachers to use children’s questions as didactic tools.

The main idea confirmed in these studies is that inquiry processes can take root in
early childhood (Siry et al., 2023). Young learners enjoy activities where they can explore
phenomena, ask questions, and attempt explanations, even if they require guidance to fully
make sense of the outcomes. These findings align with broader research suggesting that
play and inquiry in the early years build the foundation for scientific thinking by cultivating
curiosity, observation skills, and reasoning (Siry et al., 2023). Early childhood science
teaching strategies should foster opportunities for open-ended exploration and guided
inquiry, where children’s ideas drive the investigations and teachers act as facilitators who
support children in the inquiry process. Engaging in such inquiries and play activities is
important in early educational settings, not only for the development of scientific skills, but
also of scientific knowledge and scientific reasoning, which later support problem solving
and critical thinking (Vartiainen & Kumpulainen, 2020).

3.3. Engagement in Different Forms of Representations and Expression

In the logic of strengthening participatory methods, given that the use of children’s
perspectives brings us closer to their lives and understandings, a combination of traditional
methods of observation and interviews with children with more participatory tools is
attempted (Clark & Flewitt, 2020). A number of studies presented in this issue incorporated
drawing, language, digital media and videos, or immersive experiences to make science
concepts accessible and contribute to the important task of nurturing young children’s
thinking from an early age (Salmon, 2016). Often, offering children the opportunity to
express their views is insufficient, and it can be more interesting to provide them with
different ways and tools to convey their ideas. Teachers’ training and professional de-
velopment programs could incorporate such proposals that involve finding appropriate
ways to access children’s multiple views of specific science topics. If educators allow
children to act as agents and actively listen to their diverse voices, they may gain im-
portant contributions to facilitate learning that would otherwise be missed (Rogoff, 2008;
Kampeza & Delserieys, 2020).
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In their study, Kampeza and Delserieys Pedregosa (2024) analyze how young chil-
dren represent their understanding of physical changes in matter—specifically melting
and freezing—through drawing, highlighting the importance of using drawing to reveal
children’s rich repertoires of signs and symbols in science. Using a sociocultural lens, they
examine 4- to 6-year-olds’ symbolic and iconic representations and identify how different
drawing tasks triggered different representational modes, scaffolding scientific thinking.
Their study, combining classroom-based storytelling and observation with task-specific
drawing prompts, demonstrates that children creatively blend everyday and scientific
understandings. When children combine their own symbols with symbols they are familiar
with from their everyday environment, they use codes, which they gradually adapt and
improve. In relation to teacher training, this finding implies the importance of integrating
symbolic tools into science pedagogy and encouraging diverse representational modes to
help children articulate and develop early scientific models.

Fridberg and Redfors (2024) explore how two Swedish preschool teachers used aug-
mented reality (AR) to engage children with the Sustainable Development Goals. Through
place-based thematic teaching supported by AR applications, children explored issues
such as plastic pollution. They guided students to link, confirm, and expand meanings
across representations, referring to transduction as the process where children experience
meaning from a specific content based on the experience of several different representations
of that content that teachers help them to link together. The study shows how AR facilitated
transduction between real environments and symbolic representations, fostering agency
and critical reflection. Teachers initially approached AR cautiously but came to view it as a
tool for enabling children’s social participation. “The children transduced their knowledge
and meaning of the SDGs between representations in the physical world such as local
places, paper drawings and recycled materials and the digital world with the colorful SDG
symbols in AR applications” (p. 12). These findings call for teacher preparation programs
to support confidence in digital pedagogies while situating technology within inquiry and
critical engagement.

A study by Papantonis Stajcic, Vidal Carulla, and Akerblom (Papantonis Stajcic et al.,
2024) provides valuable evidence for the use of diverse forms of representation and expres-
sion in early science education. Conducted during the restrictive context of the COVID-19
pandemic, the study implemented an interactive digital learning approach in which young
children were introduced to abstract concepts such as molecules and matter through pre-
recorded videos. These videos featured dramatizations, using dance, theatrical play, and
gestures, performed by drama educators. The sessions were followed by a question-and-
answer forum with a chat function, allowing children to pose questions to adults with
chemists” expertise. Analysis of the children’s questions revealed how this interactive
digital environment enabled them to connect scientific content with everyday experiences,
play, and imagination. The authors suggest that digital lessons can effectively introduce
and illustrate abstract concepts like molecules and matter through multimodal approaches.
As mentioned earlier, this multimodal approach is further deepened by the questioning
approach supported by teachers.

Similarly, Christodoulakis and Adbo’s (2024) use of “zooming-in” animated videos of
microbes and molecules provided preschoolers with a concrete representation of invisible
phenomena. Through these visualizations, children were able to describe microscopic
germs on leaves and recognize that tiny unseen particles (like salt grains too small to see)
exist and matter in explaining real-world outcomes. Such multimodal representations
(visual, kinesthetic, etc.) serve as powerful bridges from the known (the observable world)
to the unknown, enabling young learners to conceptualize scientific realities that lie beyond
direct perception. By zooming in and visualizing the microscopic world, Christodoulakis
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and Adbo show that preschoolers can engage with complex ideas like microorganisms
and molecular structures when these are presented in an age-appropriate manner. Their
work adds a valuable dimension to the Special Issue, demonstrating the impact of creative,
multimodal pedagogy on expanding children’s scientific understanding. The study sug-
gests that introducing “invisible” scientific phenomena through imaginative visual and
hands-on experiences not only raises children’s interest but also lays the groundwork for
deeper scientific literacy from a very young age.

3.4. Teachers” Perspectives

The reflection on early childhood science education, presented through these studies,
places heavy demands on the role of the teacher and the quality of teacher preparation
in early science education. If young children are to engage in activities that develop their
scientific thinking and conceptualization, educators must be equipped to guide and scaffold
their experiences. However, a noted challenge is that many early childhood educators feel
underprepared to teach science effectively, especially in ways that also support diverse
learners (Areljung, 2019). This concern is directly addressed by studies in the Special Issue
focusing on professional development and teacher attitudes.

Chen, Sermeno, Hodge, Murphy, Agenbroad, Schweitzer, Tsao, and Roe (Chen et al.,
2024) present a mixed-methods study of a year-long professional development program in
Idaho focused on metacognition-driven science teaching, involving 20 teachers and 110 chil-
dren aged 4-6. The quantitative results showed increases in teacher science self-efficacy
and metacognitive awareness. In the teacher’s classrooms, the researchers measured cor-
responding increases in children’s self-regulated learning skills. The qualitative findings
from this study further revealed that after the intervention, teachers were providing richer
science activities that not only taught science content but also supported children’s learning
in literacy, math, and social-emotional domains through integrated, reflective practice. The
study confirms that professional development programs aligned with child development
and science teaching can transform the beliefs and practices of teachers. It is also made
clear that young children benefit broadly by becoming more self-directed learners and
connecting science with other areas of development.

In a similar vein, Young, Hoisington, Kook, and Ramer (Young et al., 2024) report on
a multifaceted professional learning program aimed at empowering preschool educators
to engage emergent multilingual learners (EMLs) in science, in partnership with families
and community science centers. Their quasi-experimental study showed that educators
who received in-depth training and support grew significantly more confident in science
teaching for diverse learners, compared to a control group. These teachers, in turn, provided
higher-quality classroom science experiences. Their research also highlights that, with
appropriate training and community engagement, teachers can ensure that all children,
including dual-language learners, have access to high-quality science learning in their
formative years.

However, improving teacher readiness for early science is not only a matter of offering
professional development. It also involves addressing the underlying beliefs of teacher
and their pre-service education. Pahl and Tschiesner (2024) examine the attitudes of
Swiss trainee teachers toward the multidisciplinary subject Nature-Human-Society. Using
qualitative and quantitative data from 220 student-teachers, they found that many trainees
reported discomfort or low interest in teaching science topics, with lower preference and
self-efficacy for teaching physics and technology compared to biology and social science.
When asked to justify their preferences, the most common reasons for putting aside certain
science topics were a lack of confidence (low perceived control over the content) or a lack of
personal connection to the material. In contrast, the topics they enjoyed teaching were those
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they felt more knowledgeable about or emotionally drawn to. This dichotomy is important
because it suggests that without intervention, teachers might unintentionally prioritize
content they are comfortable with and omit key science concepts in early education.

This research reinforces the idea that teacher education programs must proactively
build strong science content knowledge and positive dispositions towards it in future
educators. The authors advocate for building a deeper understanding of science topics but
also emphasize the importance of fostering a positive experience of science with inquiry-
based science learning experiences for teachers themselves, in order to help new teachers
overcome anxiety and develop a sense of ownership towards teaching science. The goal is
to cultivate educators who are both confident and competent in facilitating early science,
thereby ensuring that innovations like those put forward in this Special Issue can take root
in real classrooms.

3.5. Questions About Contexts and Learning Environments in Early Science Education

A final trend emerges from the research in this Special Issue, which is the consideration
that a community and environmental orientation in the curriculum can broaden learning
contexts. Field trips, outdoor learning sessions, gardening projects, and community projects
or partnerships with science museums and parks can situate children’s learning in authentic
contexts. Such approaches not only reinforce concepts through multiple contexts but also
affirm cultural and linguistic diversity, in particular by engaging parents and community
members as partners in science learning (Siry et al., 2023).

The learning environment, both physical and social, yields specific experiences and
interactions. In this Special Issue, the scoping review of Trina, Monsur, Cosco, Shine, Loon,
and Mastergeorge (Trina et al., 2024) examined how nature-based outdoor environments
contribute to preschoolers” STEAM learning, with STEAM approaches integrating science
technology, engineering, and mathematics with art education. Analyzing two decades
of studies, they found that intentionally designed outdoor settings offer rich “STEAM
learning affordances” for young children. Diverse natural elements encourage a spectrum
of scientific and mathematical behaviors; for example, sand play invites children to experi-
ment with forces, textures, and material properties (by pouring, molding, and observing
cause-and-effect), while gardening in a plant-rich area prompts children to ask questions
about living things, engage in hands-on observation, and even collect data to engage in
authentic scientific practices. These informal outdoor explorations nurture skills such as
problem-solving, classification, measuring, and noticing patterns in nature, all of which are
foundational to science and engineering thinking. The findings underline the role of envi-
ronment design in prompting STEAM skills and call for collaboration between educators
and landscape architects. The overall implication is that teacher education should include
increasing awareness of environmental affordances and integrating place-sensitive science
pedagogies.

Collaborations within a larger educational community, engaging families and informal
science resources, presents another way forward for early science education. In their
work, Young, Hoisington, Kook, and Ramer (Young et al., 2024) describe the SISTEM
project, a multi-faceted intervention for preschool educators and families of emergent
multilingual learners (EMLs) in the U.S. The project has a strong focus on community
and family engagement and includes professional learning, family science nights, STEM
kits, and community engagement through informal science learning environments. A
quasi-experimental design showed gains in teacher confidence and quality of instruction,
while interviews with caregivers revealed increased science-related interactions at home,
with these findings reinforcing the power of community-based approaches and the call for
teacher education to build partnerships across formal and informal learning spaces.
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4. Conclusions

Children arrive in educational settings with rich and often underappreciated con-
ceptions about the world around them. These conceptions represent valuable starting
points for learning. If we are truly interested in participatory learning as an approach
that recognizes important competences in children, then it is essential that the voices of
children are included in research. When teachers recognize and engage with these early
scientific ideas, they can transform them into opportunities for conceptual development.
Across diverse national and pedagogical contexts, the studies presented in this Special Issue
advocate the need for policies and practices that enhance active, experiential, and mean-
ingful science education from the earliest years of life and affirm that empowering young
children in science education is crucial from both a pedagogical and scientific point of
view. From this perspective, we have sought to bring together the main research directions
by grouping them into subsections concerning children’s ideas and voices, which cover
teaching strategies and teachers’ perspectives, including different forms of representations,
contexts, and learning environments.

The findings of these studies emphasize that effective teaching strategies in early
science education must embrace dialog, play, exploration, and guided inquiry, allowing
children to experiment with ideas through observation, modeling, discussion, and reflection.
Importantly, it is clear that young learners benefit when they are encouraged to express
their thinking through multiple forms of representation, such as drawing, storytelling,
embodied movement, symbolic play, and digital tools. These representational modes not
only make children’s thinking visible but also serve as scaffolds for the gradual articulation
of more complex scientific ideas.

Teachers play a pivotal role in orchestrating these learning experiences. Their capacity
to listen actively, pose thoughtful questions, and create safe spaces for inquiry is central
to the empowerment of children. However, such responsiveness requires support, neces-
sitating that teachers are also empowered through appropriate training to act as active
facilitators of scientific thinking.

This Special Issue affirms that early childhood is a fertile ground for science learning
and concept formation. From this perspective, a more holistic and participatory view of
early science education emerges, not merely as a discipline to be mastered, but as a way of
engaging with the world that is available to all children, from their earliest years. It values
children as capable knowers, teachers as reflective co-learners, and science as a human
endeavor rooted in curiosity, creativity, inquiry, and reasoning.

The review by Siry et al. (2023) reinforces these findings, underscoring the centrality
of inquiry, play, affect, and inclusion in quality science education in early years education.
Their synthesis of a decade of research outlines key future directions, including the need
for multimodal methodologies, inclusive pedagogies, and increased attention to teacher
education and policy frameworks. We share this vision and advocate for ECSE as a
foundational and transformative part of lifelong science learning.

We hope that this issue provides not only a scholarly contribution but also an impetus
for researchers, educators, and policymakers to continue building an early science education
landscape that honors the voices, creativity, and potential of all young learners.
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Abstract: The objective of this study was to deepen our comprehension of how children develop
understanding in the field of science, particularly in chemistry. Using the framework theory as a
theoretical lens enabled a focus on emergence as a dynamic change and transition. According to the
framework theory, children’s science learning involves a wide range of intuitive and counterintuitive
scientific concepts related to ontological and epistemological perspectives. How children transition
from everyday to scientific thinking during their early years of education is influenced by ontological
and epistemological stances. The objective of this study is to introduce science content—including
chemical concepts to preschool children—by utilizing a play-based learning approach in a longitu-
dinal study. The exploration of verbal and non-verbal material, specifically pertaining to chemical
content and individual differences, involved implementing educational experiments and real-life or
animated zooming-in videos. The results indicated a well-established physical ontological framework
utilized for the systematic interpretation of submicroscopic phenomena.

Keywords: chemistry; preschool; didactics

1. Introduction

In the past decade, there has been a growing emphasis on incorporating natural
science into preschool education. Both educational researchers and practitioners have
shown increased interest in using play-based learning and conceptual play to introduce
science concepts. This early exposure to science offers numerous benefits. Firstly, high-
quality preschool education is widely recognized as crucial for future academic success [1].
The preschool years also have the potential to shape lifelong learning and are seen as
an important part of our cultural heritage [2], making this period an integral aspect of
education. Science education in preschool settings serves not only the goal of teaching
science but also contributes to various developmental domains. It helps foster social
development [3], lays the foundation for language and conceptual understanding [4-10],
enhances motor skills [3], and supports problem-solving abilities [11,12]. Additionally,
there are equity goals in science education that aim to empower children with knowledge
and enable them to make informed decisions for a sustainable society [13]. Early exposure
to science also aims to create positive associations with the subject, catering to children’s
curiosity and fostering their interest and positive attitudes toward science in their early
education [14-19]. These positive associations are considered crucial not only for future
formal learning but also for later informal science education [20].

1.1. Chemistry in Preschool

Research studies in natural science didactics have primarily focused on the fields
of physics and biology. This is because phenomena within these subjects are naturally
embedded in children’s everyday lives and easily pique their curiosity. Many biological
and physical phenomena can be directly experienced, and their causes can often be de-
duced and predicted. However, chemistry faces a unique challenge as it offers a relatively
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limited number of everyday encounters, which are not always apparent. Furthermore,
understanding the causes behind chemical phenomena is not easily attainable. While some
chemical transformations, like phase transitions and combustions, can be experienced,
many ongoing processes are so slow that they are difficult to witness, such as the trans-
portation of matter through natural cycles. One practical way to experience chemistry
is in the kitchen, where activities like mixing, stirring, dissolving, and tasting provide
opportunities to explore chemical phenomena. Unfortunately, the scientific explanation
behind these processes, or the reasons behind chemical phenomena, are often ignored or
too abstract to explain. This is mainly because understanding these explanations requires
comprehending submicroscopic particles and their relative size. In fact, size is a key factor
in understanding chemistry. This project investigates how children develop the concept
of smallness.

How can we describe the sizes of submicroscopic particles? Since there is no specific
language to describe them, the scale of a femtometer (the radius of an atomic nucleus)
can only be understood in relation to something else. Unfortunately, the objects we use to
determine size quickly become insignificant because we have no real experience with their
actual size. If we use numbers to explain the atomic size, most scientific textbooks typically
refer to the radii of neutral atoms, considered in their relative isolation. These typically
range between 30 and 300 pm (trillionths of a meter). The radii of neutral atoms can also
be measured in angstroms, which is a unit for measuring the length of submicroscopic
entities. The radii of neutral atoms are between 0.3 and 3 angstroms (10719 m). This means
that the radius of an atom is more than 10,000 times larger than its nucleus [21]. If one
cannot fathom the magnitude of 30 trillionths of a meter or something 10,000 times smaller
than an atom, numbers quickly become devoid of their true significance. However, the
general understanding that atoms are incredibly minuscule is usually enough to grasp
most chemical concepts.

Teaching the concept of smallness, as mentioned before, is challenging. Similarly,
understanding how we grasp the idea of smallness becomes equally difficult when we
rely on our everyday language, which predominantly focuses on macroscopic objects.
Describing something as small can be achieved by comparing it to other tiny items, like
being smaller than an ant. Alternatively, we can convey the idea by emphasizing that these
things are so minuscule that they exist within everything. Another approach is to use
intensifiers such as “very small” or, for instance, repeatedly emphasizing the word “tiny”
like “tiny, tiny, tiny little ones”.

When asking children what the smallest thing imaginable is, the answers may well
be “insect babies”. A grain of sugar viewed through a microscope becomes “dust” and
toadstools become “fish”. When a magnifying glass is used to look at a grain of salt
amplifying its size, children might describe it as an ice block. This provides some indication
about how size is perceived, with the result that the magnifying glass is seen as an item
that makes things large instead of as a way to explore small things. When children imagine
what something really small looks like, it often results in representations of continuous
matter, where they simply see the smaller parts as smaller pieces of the item at hand [22]. In
fact, research suggests that children’s sub-microscopic perception can be enhanced with the
aid of visual experience that supports their imagination [23]. This previous experience aids
their imagination by providing a much firmer basis. The focus of this study is to examine
how young children learn the concept of smallness when visual experience is provided
and to explore the broader consequences of this learning on their understanding of natural
phenomena, like evaporation.

1.2. Conceptual Development and Emergent Science

The process of learning scientific concepts has been extensively studied and is con-
sidered a transition from everyday concepts to formally introduced scientific concepts.
Intuitive concepts, which are synonymous with everyday concepts, often originate from
children’s sense-based observations of their surrounding environment. Through the impact
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of education, intuitive ideas are influenced by formally introduced concepts. This transition
involves expanding the content of concepts and incorporating scientific ideas, all within the
context of language and the child’s surrounding culture [24]. This progression is referred
to as “emergent science” at the preschool level. Understanding how formally learned
knowledge and intuitive ideas interact provides insights into the learning progression [25].
Emergent science emphasizes children’s personal reflections regarding science, without
assessing the accuracy of children’s concepts from a strictly scientific standpoint. The
emphasis is on the actual process of subject-specific learning. The development of scien-
tific progress depends on various factors, including individual stances and sociocultural
characteristics. Motivations, emotional connections, and interests are crucial elements in
acquiring knowledge and learning.

Framework Theory

The analysis of the actual changes in emerging science can be approached from differ-
ent perspectives. In this case, the framework theory is utilized to examine the development
of children’s understanding of science. The term “emerging science” is employed to em-
phasize the focus on the process of change. According to the framework theory, scientific
learning arises from intuitive experiences in our everyday lives, which are primarily based
on sense-based observations. These intuitive concepts are not separate entities but rather
interconnected within frameworks and models that encompass ontological and episte-
mological concepts. Ontology involves our interpretations of the fundamental nature of
reality, while epistemology pertains to our interpretations of the causal mechanisms used to
explain a phenomenon. An example of the interrelation between an intuitive concept and
its ontological and epistemological aspects can be observed in how children perceive the
Earth and its connection to the intuitive concept of up/down gravity. When children are
asked to draw the planet, the result is often various interpretations, as depicted in Figure 1.

peGa

(9 (d)

Figure 1. Some examples of children viewing the Earth as an object with up/down gravity; (a) people
live on a ball-shaped Earth, (b) people live on flat parts of the Earth, (c) people live on top of the
ball-shaped Earth, (d) people live on a flat Earth [26].

Research on children’s initial ontology is an ongoing discussion, with researchers
making different proposals regarding the number of initial ontological groups [27-30].
Table 1 presents one of these proposals, which states that children’s early ontology is
distinguished by four main ontological frameworks. In the psychological framework, the
cause of an object’s change is attributed to intentionality, whereas numbers and words are
categorized as two separate elements of reality.

Table 1. Examples of early ontological and epistemological stances included in intuitive models [28].

Ontological Framework Ontological Stances

Objects Physical /up/down gravity

Animate entities Psychological /animism

Numbers Numbers/mathematical / discrete numbers
Lexical items Lexical items/language
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Introducing scientific concepts in a formal manner poses a challenge for children as
they try to reconcile their sensory-based ideas with more abstract explanations of their
surrounding phenomena. This procedure stimulates broader tectonic shifts in the epistemic
and ontological principles of children [31]. As children commence their acquisition of
scientific knowledge, the development of synthetic models becomes apparent. These
models are a creative blend of intuitive and counterintuitive concepts (see Figure 2 and
Table 2). In the framework theory, this change can be described as a progression from
intuitive models to synthetic models and eventually to scientific models.

models

ideas

Intuitive /experiences

Early epistemic and ontological

Formal introduction of
scientific words and concepts

Scientific models

Synthetic models

Coexistance of early and
more mature epstemic and
ontological ideas

Mature ontological and
epistemic ideas

T

Emerging science

Figure 2. A summary of development from the aspects of the framework theory.

Table 2. Definitions of core concepts in the framework theory.

Concept

Concepts are the ways in which children understand and perceive processes or
objects. There are two types of concepts: intuitive concepts and
counter-intuitive concepts. Intuitive concepts are based in a child’s immediate
experiences and sensory input, and they are characterized by a basic level of
knowledge and understanding. On the other hand, counter-intuitive concepts
are acquired through education and go beyond direct sensory input. They
involve more intrinsic characteristics that cannot be directly perceived.

Model

A child’s complte comprehension of a process involves a culmination of
concepts and the epistemology and ontological principles they employ to
explain a phenomenon. Synthetic models, on the other hand, combine intuitive
and counter-ontutivie concepts, as well as early and mature epistemic and
ontoltogical skills. Finally, scientific models incorporate counter-intuitive
concepts along with mature epistemic and ontological skills.

Ontology

A term used to describe a collection of broader concepts regarding the
fundamental nature of reality. These concepts work together to categorize and
organize our understanding of the world into groups of objects and processes.
For instance, physical ontology focuses on the characteristcs of
everyday-physical objects and their proceseses, while psychological ontology
views processes as living entities. The capacity to critically analyze and
reconstruct our existing ontological understanding based on new information
is considered a more advanced ontological skill.

Epistemology

Epistemology pertains to the mechanisms that cause us to know and
undersand a phenomenon. An initial skill in the realm of knowledge is the
inclination to associate things with their external appearance. On the other
hand, mature epistemic skills are demostranted by the capacity to generate
various representations, question and assess one’s own abilities and
knowledge, and also evaluate those of others.
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Considerable research has been undertaken on subject-specific learning, and the
findings support that initial intuitive concepts are rooted in sensory experiences and vary
in their development, depending on the learner and the topic being studied. Moving from
intuitive to synthetic models represents both the specific learning pathway in a scientific
field and scientific emergence in general. Various learning pathways have been proposed
for different scientific subjects as well as for the scientific process itself. One such pathway
involves systematic observations that start with the connection between the body and the
five senses and then progress toward making predictions, and finally the verification of
those predictions [30,32]. This particular learning pathway can serve as a useful tool for
moving away from intuitive explanations and toward scientific concepts, including changes
in epistemology and ontology [33]. These findings highlight the importance of engaging
in scientific activities, acquiring scientific vocabulary, and enabling children to express
different aspects of scientific explanations. The developmental process must allow for
transferability across different contexts and extended periods of time [30]. This conclusion
applies to the development of all subject-specific concepts.

1.3. Emerging Chemistry

There have been suggestions regarding learning pathways or trajectories for various
chemistry topics, such as matter or the water cycle. At a broad level, understanding the
fundamental aspects of matter involves understanding: (a) structure and composition;
(b) physical properties and change; (c) chemical reactions; and (d) conservation [34]. A 2013
study outlined an overarching learning progression for the concept of matter, suggesting
that children initially have a continuous understanding of matter, with no identification of
its submicroscopic structure. Considering their exposure to education, children afterward
reach an intermediate stage in which they recognize the presence of particles but project
them with macroscopic attributes, for example, believing that the tiniest parts of a substance
hold all of its macroscopic properties such as taste and color [35]. Finally, children recognize
that particles make up the substance without displaying macroscopic properties. In this
discussion, we will explore the first step in greater detail: particles existing within the
continuous substance.

Research findings on children’s understanding of chemical concepts align with the
framework theory, emphasizing the importance of sensory-based intuitive concepts. Matter
is deeply ingrained in individuals’ lived experiences, and certain research suggests that
children’s ideas about the environment are implicit and unquestioned [36,37].

Research studies show that initially, children tend to categorize solid matter based
on sensory-motor aspects like color, shininess, and softness [38]. These aspects are also
connected to everyday generalizations, such as the belief that a hard, smooth, and trans-
parent object will break when dropped. This sensory-based perception views matter as
static, continuous, and uniform, with no empty space between particles, and its identity
remains constant [39]. This leads to the conclusion that when an object changes appearance,
it does not transform into a different form, but a completely different entity appears. In
other words, there is no concept of transformation of matter.

An object’s initial, external characteristics, like its boundedness, solidity, and enduring
and distinct properties and functions, become the basis of its identification [40]. Other
intuitive concepts related to the properties of matter include mass, volume, and weight,
with weight being evaluated based on the feeling of heaviness, while length and volume
are assessed based on size. These assumptions lead to the association of mass, volume,
and weight only with large and visible objects. Simultaneously, objects of small size, like
a small piece of plasticine, are not perceived as having mass, volume, or weight [41,42].
The attribute of solidity for objects is determined using everyday criteria such as hard-
ness, durability, and resistance to cracking [43]. Additional challenges arise in children’s
identification of atypical solids such as dust, powders, or pliable and brittle materials [44].

The different states of matter represent one part of chemistry that can be experienced
and defined on a macroscopic level using shape and volume. If a solid object is placed
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in a container, it maintains its shape and volume. If a liquid is placed in a container, it
maintains its volume but assumes the shape of the container. If a gas is placed in a container,
it assumes the volume and shape of the container. By following the observable general
features of the different states of matter, children start to acquire stable signs as a way to
identify or distinguish between the different states.

Similarly, appearance and actions such as spillability, colorlessness, and odorless-
ness [45] are used as properties to identify liquids. The most common liquid is water, and
it can easily become a prototype for all kinds of liquids, due to liquids having external
similarity. This conclusion is further supported by results that show that viscous liquids
are not classified as liquids, because they do not appear like water. The gaseous state is a
state that is not easily visualized and is often seen as non-material [41,42], resulting in the
notion that liquids vanish during evaporation. The gaseous state is often associated with
various phenomena, including heat, electricity, and everyday gases like soda [46,47].

To gain a comprehensive understanding of matter, it is essential to explore the transi-
tions between its different states. One particular aspect that has been extensively studied
is the water cycle [48]. To grasp the water cycle, at this educational level, it is necessary
to consider a few key concepts: the different states of matter (solid, liquid, and gas), as
well as the phenomena of evaporation and condensation caused by heating or cooling and
the conservation of water during these processes. In another study, four distinct intuitive
concepts regarding evaporation were identified [49]. These include the notion that water
simply disappears, the belief that water can penetrate either the floor or a solid object, or
that water is scattered in the air.

Transitioning from everyday experiences to a more subject-specific chemical perspec-
tive necessitates specific modifications. This change involves shifting from a macroscopic,
sense-based perspective of the world to a submicroscopic worldview. In a sub-microscopic
perspective, the properties of objects are conceptualized based on their internal composition.
This change is difficult for learners of all ages [47] as it includes epistemic changes, notably
understanding an object through multiple representations [50]. Considering these findings,
learning pathways for matter should commence from discovering a child’s everyday world,
with an emphasis on the identification of various forms of matter [35]. The correlation
between properties and color or shininess implies that learning could be enhanced by
recognizing differences in properties among samples of matter with similar colors and
sizes. These actions could lead to a deeper understanding of the intrinsic and fundamental
variations in matter. Research has shown that sensory-based perception plays a crucial role
in supporting the imagination at the submicroscopic level. In particular, providing visual
experiences can effectively bridge the gap between the macroscopic and submicroscopic
levels of matter [23,51]. This is particularly important in encouraging the development of
children’s understanding of concepts in more abstract domains.

Research Questions

The objective of this study is to examine the fundamental principles of children’s
emergent chemistry, focusing specifically on their comprehension of the concepts of small-
ness and evaporation. Smallness was chosen because it represents one of the core aspects
of chemical knowledge. Vaporization was also included in this study because the phase
transition between the liquid and gaseous state reflects children’s understanding of the
transition between visual and non-visual matter. The first goal of this research was to
examine the process by which children generate everyday, synthetic, and scientific models
of these concepts.

2. Materials and Methods

The purpose of this study was to explore the fundamental principles of emergent chem-
istry in children, focusing specifically on their understanding of smallness and evaporation.
The research design took the form of a longitudinal study, designed as an educational ex-
periment [52]. The present educational experiments followed a cyclical pattern, where each
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activity was promptly analyzed, and the resulting analysis served as the basis for planning
the next activity. The activities were specially designed as play-based learning interventions.
These play-based learning activities were carefully tailored to match the individual interests
of the children, encouraging their ongoing engagement in the educational process [53].
In this way, scientific concept formation became a deliberate and thoughtful process led
by the early childhood teacher [54]. Play-based learning environments both challenge
children’s broader understanding of the world and facilitate their acquisition of scientific
knowledge. Other important aspects of this learning context include intersubjectivity and
sustained shared thinking. Sustained shared thinking refers to an extended situation where
the educator and the children engage in shared understanding and discourse [25].

2.1. Design of Activities

The interventions implemented in the play-based approach consisted of experimental
activities and real-life or animated zooming-in videos, enabling children to grasp fun-
damental chemical concepts through play (See Table 3). The primary theme of the first
five activities revolved around the concept of smallness and the last two revolved around
evaporation. A detailed record of the activities was documented, and individual recall
interviews were conducted to explore each child’s understanding. The collected data
were analyzed, with a specific focus on the children’s conversations, body language, and
gestures, in order to gain a deeper understanding of their engagement with the activity
content.

The preschool environment in Greece is currently undergoing a transformation, incor-
porating contemporary educational practices and drawing inspiration from international
experiences. The latest Greek curriculum outlines the essential abilities, skills, and attitudes
that children should acquire upon completing their preschool education. This includes the
field of natural sciences, which involves understanding living organisms and the proper-
ties of matter, as well as studying the Earth, space, and planetary systems. Instructions
should be structured around everyday occurrences to facilitate exploratory inquiries on
these topics. Specifically, teachers should support children in asking appropriate questions
for investigation and encourage them to use their imagination and creativity to conduct
experiments and acquire new knowledge.

Table 3. Description and time frame of the activities.

Meeting Description of Activities

The researcher immersed himself in the daily activities at the

1-19 November kindergarten to familiarize the children with his presence.

In this experiment, the children observed leaves with

1st meeting: magnifying glasses. In the first part, they observed them

22-27 November 2021 with their eyes and then magnifying glasses were
introduced.

2nd meeting;: The children used magnifying glasses to observe sugar

29 November-3 December 2021 and salt.

In this meeting, the researcher introduced a computer to
3d meeting;: show animations that zoomed in from a macroscopic view
6-10 December 2021 to the submicroscopic particulate level. In these zoomed-in

videos, the children observed an artificial leaf.

In this experimental study, children were provided with
4th meeting: several boxes containing ants. The use of magnifying
31 January—4 March 2022 glasses aimed to examine their impact on the children’s
perceptions of smallness.
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Table 3. Cont.

Meeting Description of Activities

In this experiment, children watched three zooming-in
videos and were asked to describe what they saw. The first
5th meeting: video showed a transition from the macro level to the
21-24 March 2022 microorganism level. The second and third videos exhibited
zoomed-in animations from macro-level water to
submicroscopic molecular water.

Water vaporization during boiling. Water was placed into a
bottle and the level of the liquid was recorded. Following
that, the water was poured into a pot and subjected to
boiling for a period of 5 min. The leftover water was
emptied back into the original bottle. The children were
asked what they thought happened and why there was less
water in the bottle.

6th meeting;:
4-8 April 2022

Subsequently, the previous activity was replicated,
substituting water with juice. Although water vaporizes
from the juice as well as from pure water, the choice of using
juice was made since they have different colors and were
perceived as separate liquids.

7th meeting;:
26-29 April 2022

Data were collected in Greece from participants in two middle-class public schools.
These students had limited exposure to natural science experiments and did not participate
in any organized play-based learning programs with natural science materials. This
study included five groups, each consisting of five children aged 5 to 6 years old. Each
play session lasted 20-25 min. Video recordings were made to capture the interactions
and communication within each group, and additional material was collected through
individual interviews. Research ethics approvals were granted by both the university and
the Greek Ministry of Education.

2.1.1. The Teacher’s Role

The teacher/researcher adopted a scaffolding stance toward the children. This in-
volved being supportive of questions while not providing definite answers but rather
scaffolding the children’s thinking process. This also included gradually providing less
support as the children showed improvement. The notions of microbes and molecules were
never introduced by the researcher.

2.1.2. Data Analysis
Data were analyzed in the following steps:

1. Data were collected.

2. Relevant vignettes (smallness in the first experiment and evaporation in the last two)
were selected.

3. Key objects and topics that reflected children’s ideas about smallness and evaporation
were identified. For example, the leaf, the ants, and the magnifying glass were central
objects that reflected these ideas. The question “What is the smallest thing you can
imagine” serves as a paradigm for this topic. The vignettes were organized based on
these key objects and topics.

4. Criteria to distinguish intuitive and counterintuitive conceptions regarding smallness
and evaporation were formalized.

5. Intuitive and counterintuitive vignettes, as well as synthetic models of smallness and
evaporation, were categorized

6.  General characteristics of intuitive smallness, counterintuitive ideas about smallness,
and synthetic models of smallness were analyzed.
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The participation of children in the experiments sparked the emergence of concrete
ideas regarding smallness and evaporation. These ideas were further examined and
categorized as intuitive, synthetic, and scientific models, based on how the children con-
ceptualized crucial materials and processes (see Table 4).

Table 4. A summary of the analytical basis for categorization into intuitive, counterintuitive, synthetic
concepts, and scientific concepts.

Concept Analytical Definition

No presence of scientific fragments, sense-based
understanding, expression of early epistemic skills, and
ontological categorization, which suggests the emergence of a
more differentiated definition.

Intuitive concepts

Presence of scientific fragments, mature epistemic skills, and
Counterintuitive concepts specified vocabulary. Expressions of a differentiated or
intuitive (physical or psychological) ontology.

A creative synthesis of intuitive and counterintuitive concepts,

Synthetic model reflecting a more holistic understanding of a process.

Scientifically accepted explanations are characterized by

Scientific concept mature ontological and epistemic ideas.

3. Results
3.1. Intuitive Model of Macroscopic Smallness

The focus of the first five activities was children’s conceptualization of smallness,
explored through how they made sense of the main objects in each activity. Characteristic
examples of using these words were presented in the form of vignettes. The children’s
intuitive model of smallness was defined by its macroscopic characteristics. In other words,
smallness only refers to visually accessible small things.

When children were asked what the smallest thing was, they typically provided a
number of concrete objects, which were categorized as intuitive concepts. The tiniest
conceivable entities were derived from objects that were readily observable, such as specks
of dust, miniature LEGO pieces, ants, baby flies, turtles, stars, butterflies, snakes, snails,
caterpillars, mice, camera lenses, bread crumbs, keys, and small buttons. Quite often, the
children were oriented toward their immediate environment using their hands to portray or
show something small or define smallness negatively, such as something that was not big.
Vignette 1

Researcher: What would it look like if we cut them into very small pieces? If we close
our little eyes and think of sugar being cut into little tiny little pieces, what do we get?

Anastasis: It will melt, melt, melt, melt if we do (he claps his hands as if to show he’s
melting the sugar) and then... gone.

Athina: If I do it too much like this with the knife (pretends to cut something with her
hands) it will cut and it will become like a little tiny baby.

Researcher: Like a little baby, huh? What if we cut it even smaller?
Marianna: It will get so much smaller (she puts her fingers together).

Children’s comprehension of smallness was also articulated in terms of comparable
objects. When attempting to imagine microscopic aspects of salt and sugar, children would
liken them to small balls, stones, small medicine, ants, snow, glass, or gold dust. In the
two zooming-in sessions, the microscopic elements were reinterpreted as real physical
objects such as animals or flowers. Water molecules were described as little spores, bubbles,
stones, little balls of water, a Mickey Mouse head, a rabbit’s, or a human head. Geometric
vocabulary was also used, as the molecules were viewed as circles that were tied to each
other. These vignettes were categorized as intuitive concepts.
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In other words, children perceived the smaller particles of salt and sugar, as well as
the real-life and animated elements in the zooming-in videos, and the water molecules, as
concrete, real-life physical objects. Their identification of similarities between these objects
illustrates that children observed a sense of commonality between the items. These objects
are physical entities, exemplifying the application of a physical ontological framework. The
usage of this framework may create barriers in trying to understand the counterintuitive
properties of submicroscopic elements.

Moreover, less frequently encountered examples of smallness were exemplified in
terms of depth. The children viewed the animated zooming-in videos as a journey into
matter, with the progressively smaller levels being perceived as moving deeper in. A few
vignettes defined smallness as an age category, suggesting that smaller ants are younger.

3.2. Synthetic Conceptions of Smallness: Invisibility Does Not Mean Non-Existence

Counterintuitive concepts of smallness were predominantly centered around the
notion of the microbe. This notion functioned as a general category, which children used
to represent all kinds of characteristics in relation to smallness. In meeting 1, parts of
the leaves were defined as microbes. In meeting 3, the children used the same notion to
describe the various forms and colors that they saw in the animated zooming-in video.
The idea of a microbe was employed in an unspecified way, encompassing meanings such
as exceedingly small elements or circles of very small sizes. In many instances, children
reported that microbes were the fundamental components of various objects, suggesting
that the world is made out of tiny, round entities that constitute all sorts of things. In these
vignettes, microbes were perceived as being so small that they could only be viewed under
a microscope. These counterintuitive ideas suggest the emergence of a synthetic model of
smallness, in which things may exist, even though they cannot be seen with the eye. This
model designates the emergence of an atomic, molecular perspective of the world.

As an example, the children described how a leaf, an orange, and dust would all
appear to consist of microbes when observed under a microscope. Within the context of
these vignettes, the children considered microbes to be of such diminutive proportions
that their visibility could only be achieved through microscopic examination, thereby the
children acknowledged the existence of microbes despite their invisibility to the naked
eye. This finding represents a generalization of the zooming-in animation, in which the
molecular structure of water was depicted as a model of little balls connected with lines.
This emerging understanding of the microscopic level does not necessarily mean that
children understand that all things are made of small particles, as children often interpret
them as real physical objects.

In one vignette, a child reimagined the microscopic structure of a leaf that he saw in
an animated zooming-in video as a fight between two sides—the illness-producing and
curing elements. The child used his imagination to understand the microscopic level in a
way that made sense to him.

The application of the notion of microbes is termed as counterintuitive because it
includes the counterintuitive notion that things are made of really small elements, thus
opposing the understanding of matter as continuous. Even though microbes were used to
denote visually accessible small structures, their usage contributed to the emergence of a
scientific perspective toward smallness.

Vignette 2

Anastasia: That they are some tiny little creatures.

Researcher: Some tiny little things... And what are these tiny little things? What do
they look like?

Areti: Microbes.
Researcher: And what do they look like?

Anna: There is a so and so (forms a circle in the air); there is a so and so and so and so
microbe (draws it in the air).
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Researcher: Show the group.

Anna (makes circles with her hand in the air): One like this, one like this, one like this,
and one like this, many many, many, and circles and like this...

Researcher: No, you don’t have to. Well, tell us what we saw in the videos.
Areti: Microbes, just microbes.

Anna: I had seen some microbes that were making some sounds; there were so many of
them in the leaf... They were such little circles, little circles, little circles.

Researcher: Have you ever seen something so small before?
Anna and Areti: No.

Researcher: Is this the first time you ve seen it?
Anastasia: I saw it.

Researcher: What did you see?

Anastasia: I saw some small, very small things that I saw... round... I saw inside there
in the tree... Those round things were ants... No, they weren’t ants... They were microbes.

In counterintuitive concepts of salt and sugar, the children reported that cutting salt
into small pieces would have made the small pieces invisible to the naked eye, but they
could still exist. Similar conceptions were expressed with microorganisms, with children
stating that objects were full of these small germs that could only be seen through the
microscope. In counterintuitive concepts regarding the smallest thing that they could think
of, some children acknowledged the existence of objects invisible to the eye, which they
referred to as “very microscopic”. They recognized that these objects exist at a great depth
and appear different from the same objects at the macroscopic level. In a counterintuitive
concept regarding ants, ants were understood as having nonvisible internal organs, like a
heart and bones.

Vignette 3

Researcher: Let me ask you. If this salt was cut into smaller pieces?

Anastasis: Yes.

Researcher: And we cut it so small that we couldn'’t see it, would there still be salt?
Anastasis: Yes.

Researcher: There would be, wouldn't there? I mean, is it possible for something to be so
invisible to the eye but still exist?

Anastasis: Yes, but wouldn’t we see it?
Researcher: What would it take for us to see it?
Anastasis: Microscope.

In counterintuitive concepts related to water molecules, some children were able
to generalize the idea that all objects consisted of imperceptible tiny spheres, similar to
the ones depicted in the videos on water molecules. The concept highlighted in this idea
indicates the emergence of the concept of molecules. Alongside this comprehension, several
additional scientific fragments emerged, including the notion that these formations are
held together through some forces. The usage of vocabulary such as “electrical current”
or “microscopic laser” served to communicate the idea that the particles bonded together
like tiny magnets. The same children also replicated other scientific fragments, such as the
discovery that water maintains an identical atomic structure in all three forms, regardless
of its external appearance. This indicates that scientific knowledge does not appear as
a set of disparate fragments but as an interconnected network of concepts. In fact, the
counterintuitive idea that matter’s behavior relies on electrical currents can be more easily
understood in the context of a molecular depiction of matter.
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Vignette 4
Researcher: Anna, do you remember what we did last week?

Anna: We watched some videos. There was something round that had made them,
particles, and the current had joined them.

Researcher: The current had connected them? Okay, what were these balls that were
connected to the current?

Anna: Particles.

3.3. Intuitive Conceptions of Evaporation

Many children participating in the vaporization experiment perceived water, bub-
bles, fire, and smoke as distinct elements, failing to recognize their interconnectedness.
Specifically, each element was perceived intuitively, for example, stating that “water is
making some bouncing bubbles, that it is boiling, goes up and down and getting out, like a
wave, was turning, was becoming white, appeared like milk, and that it made a strange
sound”. The bubbles were described as follows: some little white balls, rumbling water,
shampoo, some oil, a hole (which) opens in the water, and growing water. They also used
the metaphors of a pool, a whirlpool, a tornado, and a volcano. The water vapor above
the surface was not seen as a result of water condensation, but instead, it was identified as
smoke produced by the stove.

The boiling water was also treated intuitively as a physical object. More specifically, the
children often stated that the decreasing water level was attributed to the water going more
down, or that it became shorter, moved toward the bottom, or became smaller and smaller,
like any other physical object influenced by gravity. Another explanation provided was that
it melted. Similar results were replicated with the juice, with the children stating that it went
a little bit down, it was because it was boiled, it decreased, or even that it just disappeared.
Another child described the process as ‘the mass became smaller and little.” Another
similar explanation was that ‘the juice got stuck at the bottom of the pot’. In this set of
vignettes, the zooming-in videos of the previous sessions, which introduced children to the
submicroscopic world, did not contribute to these interpretations of evaporation. In other
words, children did not use this knowledge as a basis for explaining the transformation of
macroscopic water to vapor.

Some children predicted that heating water would make it ‘bigger and longer’, or that
it would stay the same. These answers are not entirely unjustified as water expands when
boiling. Nevertheless, they are still deemed as intuitive conceptions because they do not
depict the counterintuitive phenomenon of the change of state, even though they are in
accordance with the facts when water boils. Other children also said that the researcher
cheated, by spilling or drinking it while the children were not looking. All of these ideas
are defined by the macroscopic understanding of the liquid.

During individual interviews, children were asked to generalize their findings. Vi-
gnettes in which children were unable to generalize vaporization with other liquids were
evaluated as everyday conceptions. For example, children reported that heated water
would not create smoke or vapors or that the juice would catch fire. In one vignette, a
child reported that if you leave some water in the sun, the effect would be that the water
would become “much thinner”. Also, in another vignette, children said that milk would not
decrease, because it would not have bubbles. Findings demonstrated that the children had
a combined set of intuitive ideas about the various aspects of the vaporization experiment.

3.4. Synthetic Models of Evaporation

In the synthetic model of vaporization through boiling, children managed to connect
smoke with water and fire. Specifically, children started to understand that due to the
thermal agent, water and juice became vapor. As the children realized that the vapor did
not come from the fire, some children began to use more specific vocabulary, like steam,
water vapor, or “cloud”. It was also interesting to see how two different children were
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also reminded of the cycle of water and used it to understand the experiment. One child
expressed a very good understanding of evaporation, using the correct terminology, being
able to predict what would happen if the boiling continued, what would happen with
the vapor, and understanding that the boiled water continued to exist as vapor. In this
set of vignettes, the zooming-in videos functioned as a preparatory step, which helped
children reinterpret the disappearance of water through its transformation into vapor. In
one vignette, a child interpreted vaporization by understanding fire and air as forces of
activeness; the child reported that the fire and air push the juice upward, making it go up,
and that the fire made the juice turn into smoke.

In synthetic vignettes of evaporation, children correctly predicted that the water and
juice would decrease after boiling; often, they were able to explain why this was so and use
the correct specified vocabulary. In one vignette, a child said that boiling would lead to
the removal of vapors, which resembles the macroscopic idea that vapors are physically
removed. The notion of burned water was also codified in synthetic conceptions, in that
it shows the possible function as an intuitive expression reflecting the emergence of the
scientific concept. Some children were also capable of generalizing, stating that other things,
such as juice or tea, or even saliva and milk, could evaporate.

4. Discussion

The comparison between intuitive and synthetic models of smallness reveals numer-
ous concrete, specific, and metacognitive changes that occur in children’s perception of the
world. Intuitive concepts are largely characterized by macroscopic visual perception. The
central objects of the experiments as well as the microscopic elements of the videos were
perceived as tangible, physical objects. To give an example, in the zooming-in videos, the
microscopic structures were regarded as physical entities. These children were limited to a
visibly accessible representation of small objects and, thus, were not able to imagine that
these objects also had submicroscopic structures.

In synthetic concepts, on the other hand, the children’s notions of smallness recognized
the existence of invisible things, which can be viewed with the help of the microscope. The
non-differentiated application of the term “microbes” included the scientific emergence of
smallness through various unspecified characteristics. These notions strongly depended
on immediate visual characteristics, while at the same time functioning as the basis for
cultivating the idea that even smaller elements, which are not visually accessible, might
exist and be the building blocks for various objects. The focus on small, invisible things
called microbes may have initially been caused by a focus on illness due to the COVID
pandemic and then reinforced through the animated zooming-in videos that showed small,
round things. Nonetheless, these findings show that the conceptual framework for a more
scientific emergence of the concept of smallness—as something smaller than what we can
see—is indeed possible for preschool children, and this finding opens up the potential for
the emergence of various chemical phenomena if transferable to other relatable experiences.

The existence of frameworks seems to be confirmed by another set of observations as
well. Data indicate that children who used the notion of microbes were able to conceptualize
leaves as part of a biological system of interconnected functions or to understand the
electromagnetic properties of submicroscopic particles. In this sense, learning science is
not a process limiting itself to subject-specific representational changes, but rather existing
within a range of interconnected representations that are relevant to it. This possibility is
significant for the emergence of chemistry, as it allows children to develop a submicroscopic
perception of the world.

When comparing intuitive and counterintuitive concepts of evaporation, similar pat-
terns emerge. Initially, children struggle to connect the different components of evaporation,
leading to explanations based on observation rather than on an understanding of the under-
lying phenomenon of water loss. Conversely, the defining feature of the synthetic model
was the children’s tendency to establish connections between the different elements of the
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experiment. The ability to create these connections represents a higher epistemic change
toward understanding evaporation.

The present research identified a strong presence of the physical ontological frame-
work where the children systematically interpreted submicroscopic elements as everyday
physical objects. These data indicate that moving beyond a purely physical ontological
framework is necessary to fully grasp the submicroscopic intricacies of the world. It is
crucial to clarify that this does not imply the invalidation of the established principles
governing physical objects; rather, it signifies a differentiation of the two ontological lev-
els, shedding light on the behavior of submicroscopic constituents. As demonstrated by
Vosniadou, a comparable phenomenon occurs in the comprehension of planets behaving
distinctively from ordinary physical entities [55,56]. The results also indicated a promi-
nent existence of a psychological framework among children and a tendency to interpret
microscopic elements as living entities.

The analysis of the findings in both smallness and evaporation indicates a possible
mutuality between the two conceptions. The scientific emergence of smallness is closely
related to the understanding that non-visible objects, aspects, and traits exist. The children
in the evaporation experiments made a similar discovery, leading them to the realization
that water cannot disappear, but it exists in a different invisible form as vapor. By analyzing
the interrelation between the different aspects of the experiments, the children arrived
at an abstract result with no immediate concrete referents. This can be a guideline for
how microscopic smallness generally emerges. Preschool-aged children who rely solely
upon sensory observations often conclude that objects that are not visible no longer exist.
But posing questions about everyday phenomena that cannot be answered through their
immediate senses is a process that may lead them to unexpected results regarding the
nature of their surrounding world. This process is also reflected in the cultivation of
reasoning skills, like metacognition, which plays a crucial role in emergent science.

One limitation of the present study is the decision not to include any statistical analysis
of the data. As a result, the findings have an indicative character, mainly aiming to
understand how intuitive and synthetic conceptualizations of smallness and evaporation
might appear. Further analyses should be undertaken, aiming to provide more certain and
generalizable data for the future. More importantly, understanding the extent and age-
specificity of children’s adoption of intuitive and counterintuitive ideas about smallness
represents the next step for the current project.
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Abstract: The shape of the Earth is a fundamental concept that students need to learn in astronomy
education. This paper reports the findings of a study that confirms the effectiveness of an intervention
involving the construction of a model of the Earth prior to the introduction of the globe as a codified
artefact. The educational intervention had been preceded by the EARTH2 test, which was used to
check how well students participating in the study mastered the concept of the Earth’s shape. The
study included forty-seven primary school students (grades I and II). Effectiveness was measured by
comparing the answers chosen by Polish children in a test as mental models. The study confirmed
(A) that the intervention was effective: 49% of progressive changes, 30% of regressive changes, and
21% of changes within the same mental model were observed; (B) that there was an increase in the
children’s interest in space, revealed by an increased number of questions going far beyond the school
astronomy curriculum; and (C) that students’ concerns about the dangers of space were revealed.
Key findings include the following: (a) Educational effectiveness regarding the concept of the shape
of the Earth is achieved in activities that involve building a spherical Earth model before introducing
a globe as a ready-made model. (b) The topics addressed in astronomy classes must be far broader
than what the current curricula provide. They should take into account current issues reported by the
media and deal with astronomical discoveries and space technology. (c) When organising activities,
children’s concerns about the dangers of space should be borne in mind.

Keywords: astronomy; Earth’s shape; educational intervention; effectiveness; EARTH?2 test

1. Introduction

When viewed in everyday life, the Earth appears flat. This impression has an enormous
impact on the formation of the Earth’s shape concept [1,2]. Since children are confronted
with this image from the beginning of their lives, it becomes strongly embedded in their
psyche, and they resort to it to explain natural phenomena [3,4]. The concept of the Earth’s
shape has a strong influence on the development of higher astronomical concepts, such as
the day-and-night phenomenon [5,6]. Such concepts are referred to as threshold concepts
because they are the gateway to a deeper understanding of science [7].

Research shows that it takes a long time before children start applying the concept
of a spherical Earth to explain cosmic phenomena [8]. Such a long persistence of a mis-
conception regarding the Earth is influenced, among other things, by cultural factors [9].
Appropriate educational support, on the other hand, causes children to adopt a spherical
image of the Earth earlier. The effectiveness of educational interventions is confirmed as
early as preschool [10-17].

Educational effectiveness is measured by establishing the difference between children’s
prior knowledge and their knowledge after the intervention. In the case of threshold
concepts [7] (such as the Earth’s shape concept), which serve as a lens for explaining
natural phenomena [18], it is the degree to which a particular concept is embedded in a
child’s conceptual structure that can serve as a measure of educational effectiveness. The
degree to which a concept is embedded in said structure can be established by checking
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whether the child applies the concept to explain natural phenomena. At the lowest level of
grasping a concept, i.e., when integration in the structure is poor, a child simply replicates
the response pattern. This is revealed when, when asked directly what shape the Earth is,
the child directly answers spherical. However, when asked to explain other phenomena,
they no longer refer to the Earth as a sphere. A higher degree of the concept’s integration
in the knowledge structure (also referred to as structuring) is revealed by those children
who constantly refer to the spherical Earth when solving problems (e.g., in order to answer
how people move on Earth). This issue is crucial when we talk about the contextualised
use of the concept.

When examining the degree of structuring, we find that even many older students
(10 years old) do not have a well-embedded concept of a spherical Earth [19]. To explain
natural phenomena (the location and movement of people, the location of trees and clouds,
the movement of a kicked ball, and the location of the sun at night), they abandon the
concept of a spherical Earth. If the concept of a spherical Earth is not properly embedded,
it can lead to difficulties in adopting more advanced astronomical concepts, such as the
phenomenon of day and night [20-22]. For this reason, it is suggested that the concept of
the Earth’s shape should be supported at the beginning of the educational path [16].

This assumption is employed in the Polish preschool education and early school
education systems. Despite these assumptions, the scope of science education (including
astronomy) is severely limited. At the level of preschool education, children learn about
the phenomena of day and night, the seasons, the phases of the Moon, and the Polish
astronomer Nicolaus Copernicus. In the early grades of primary school (I-III), these
contents of astronomy education are repeated. The concept of the Earth’s shape, despite
being a key concept [7], is only marginally present in the Polish education system. Teachers
devote too little time to explaining the image of the spherical planet to children. Currently,
the curriculum is being re-examined, and efforts are being made to modify it [19].

Forming the notion of a spherical Earth is difficult because it requires one to accept
information that contradicts everyday observations. Hence, appropriate intervention is
key [2,11-13,15,16,23]. Research shows that a teacher who introduces a globe to children
without any prior explanation does not achieve the intended goal [4]. Children who are
convinced that the Earth is flat have difficulty accepting a globe as a cosmological model of
the Earth.

Research into the development of the Earth’s shape concept suggests that a significant
change in the conceptual structure is required. Such a change is referred to as reconstruc-
tion (accommodation, [24]), and it causes one to explain phenomena through a new lens
(frame, [18,22,25-27]). When the spherical shape of the Earth is assimilated, it also forces a
change in perceptions as to the location of people living on Earth and the way they move.
Indeed, in their everyday experience, children live their lives “on a flat Earth”. Accepting
the notion that the Earth is a sphere forces them to address the question of whether people
can live on the curvature of the planet and whether they can live on the other side of it.
The same is true of the phenomenon of people moving across the sphere. These questions
do not arise spontaneously but are the result of deeper reflection and do not necessarily
reveal themselves in all children [3,9]. The realisation that people walking for days in one
direction would arrive at the place where they started (a characteristic of the sphere) and
that they would not fall off the Earth (gravity) is a nearly scientific explanation that requires
a change in perspective and proper knowledge.

Conceptual change, broadly speaking, involves the gradual transfer of objects and
phenomena visible on a daily basis, from a “flat” Earth to a “spherical” one. This mental
“relocation” is a way of solving cognitive problems [2,19]. The shift is possible once the
right information has been acquired and the right level of cognitive skills has been achieved
to construct the right ideas [18,23]. Similarly, the phenomenon is elucidated by proponents
of the precursor model theory [25]. They contend that for a child to comprehend a phe-
nomenon, it is essential to construct appropriate cognitive frameworks [26]. The specific
type of cognitive development required for a child to understand the Earth’s spherical
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shape involves (a) recognising that the ground observed daily is part of a larger whole
and (b) understanding that viewing the entire Earth necessitates a change in perspective
(significant distancing from its surface).

1.1. Development of the Earth’s Shape Concept

The process of integrating the Earth’s shape concept into one’s mental structure is
described by the mental models theory by Stella Vosniadou and William Brewer [3,27].
The concept of mental models implies that children construct coherent ways of explaining
phenomena. Ranging from initial models through synthetic models to scientific models,
they chart a developmental pathway [19]. Regarding the Earth’s shape, mental models are
usually invoked in the context of secondary problems, such as the location and movement
of people on Earth. Children coherently reveal their beliefs through statements, drawings,
and plasticine creations. Due to their coherent nature, well-structured childlike logic, and
their explanatory and predictive nature, such statements are considered to be close to
theories. Initially, children locate people on a flat Earth [3,28]. In their drawings, they
depict the Earth as a line of infinite length with the ground beneath it and draw people
standing on that line. From the children’s explanations and opinions, it appears that they
are recounting a personal experience, i.e., the sight of people walking on the Earth. When
given a lump of plasticine, they form a cuboid and stick human figurines in it as if they
were standing on the Earth [19,29].

Children in whom the process of constructing the notion of a spherical Earth has
already begun start explaining that people only live at the top of the planet and add
that they cannot go any lower because they would fall off the Earth [3,30]. However, the
imaginary edge of the Earth is not necessarily physical. In their explanations, they refer to
psychological barriers, such as speaking another language [29]. Sometimes they further
flatten the part of the sphere where people live [28]. On a piece of paper, they draw a circle
representing the part of the Earth where people live seen from above. Using plasticine,
they make a sphere, flatten it on one side, and stick a figurine there to mark the location of
people [19].

Sometimes, when constructing the concept of sphericity, children explain that people
live inside a hollow Earth (hollow sphere model, [3]). This representation confirms the
spherical shape of the Earth and agrees with the statement that it is impossible to fall from
the Earth (people are surrounded by Earth on all sides). They draw a circle on a piece of
paper and locate people inside at the bottom of the circle. With a lump of plasticine, they
try to create a sphere and, pointing to a hole, explain that people live inside it.

There are also children who depict two types of Earth in their drawings—one spherical
and the other flat. They explain that the flat one represents what they see every day, while
the other refers to what the teacher says when showing a globe (dual Earth model, [3]).
Similar behaviour is observed in studies using plasticine. After building a globe, children
claim that it is the Earth but different from the one they live on [29].

The development of the Earth’s shape concept is linked to the concept of the location
of clouds and the direction of rainfall. Research shows that before children adopt the idea
that the clouds are located around the spherical Earth, they place them just above the flat
Earth [3]. In drawings, they mark their location parallel to the line of the ground. As
they start imagining the Earth as a sphere, they explain that clouds—like people—are only
located at the top. The direction of rainfall seemed to correspond with their ideas about the
direction of gravity.

1.2. Effective Structure of Interventions

Research on the effectiveness of educational interventions in changing children’s
beliefs about the shape of the Earth shows that they can be effective as early as preschool.
A study of Greek children by Maria Kampeza and Konstantinos Ravanis [2] indicated that
even a two-day educational activity that allowed children to experience the shape of the
Earth can influence the formation of children’s perceptions. The authors concluded that,
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already, preschool children are ready to accept the scientific idea of the shape of the Earth
if only the activities are organised in an appropriate way. Based on the precursor model,
they hypothesised that by understanding children’s learning processes and cognitive
development, it is possible to design appropriate activities during which engaged children
would discover changes and, guided by the teacher, formulate conclusions similar to
scientific ones [25,31-33].

The effectiveness of the intervention was confirmed in those activities where children
were appropriately engaged in conversation [34], children were allowed to express their
opinions and confront them with each other [35], a globe and plasticine balls were used
to simulate cosmic phenomena [15], inquiry-based games were used [11], multimedia
programmes were used [23], there was regular switching between the map and globe [36],
and geographical characteristics were taken into account [2,10]. Previous research focused
on establishing the effectiveness of single forms of educational interventions. This paper
presents the results of a study in which most of these forms were used: conversations
and discussions, building a model of a spherical Earth and using it in simulations, and
supplementing the resulting experience by watching computer animations.

Studies have shown that without a proper introduction and the right sequence, the
educational materials may even hinder the learning process [4]; moreover, they may pro-
mote the development of non-scientific concepts [21]. For this reason, the present study
focused on analysing a structure of interventions that would maximally support children
in forming the concept of a spherical Earth. Children’s visuo-spatial reasoning abilities
were adopted as a starting point, which may be particularly important in the formation of
astronomical concepts [23]. The author invoked the concept of Nikolai N. Poddyakov [37],
who explains how to support children in their transition from concrete-motor thinking,
which requires performing operations on objects, to concrete-pictorial thinking allowing
the use of operations in the mind. Due to the lack of an English translation of the publica-
tion, the following paragraph presents the essence of Poddyakov’s explanation as it was
published in Polish [37].

As children develop concrete-pictorial thinking, actions previously performed on real
objects begin to be reproduced in the imaginary plane without the help of actual objects.
A particular detachment of actions from reality takes place. It is more effective when it
does not occur immediately, but goes through intermediate stages, i.e., a child reproduces
these actions not on real objects, but on substitute objects, i.e., models. Initially, the model
may appear as an exact copy of the object. Then, too, fundamental changes in the child’s
activity are already taking place. The child operates on the model of the object and, with
the help of an adult, comes to an understanding of what a model is, compares the actions
performed on it with the original. In other words, children realise quite quickly that their
actions relate to the original, although they are performed on the model. This is a crucial
moment in the formation of pictorial thinking, in which models and actions performed on
them play an important role.

Poddyakov’s concept, briefly presented here, indicates that when teaching children
about the shape of the Earth, one should construct a model of the planet before introducing
a globe. According to Poddyakov, by operating on such a model, children will more easily
assimilate the phenomena associated with the Earth model. It was recognised that for
astronomical topics, the application of Poddyakov’s didactic model has practical relevance
within the precursor model concept, which has traditionally been used to explain physical
phenomena [25].

The starting point for organising effective learning situations according to the precur-
sor model is to have a good understanding of the children’s learning process [31,33]. The
way children learn and the changes that occur in the way they think are already known.
Therefore, appropriate activities can be prepared. Poddyakov hints that by using a ball, we
can create a three-dimensional model of the Earth and, by performing activities on it, help
children move to the globe. Nowadays, using computer animations can further support
this learning process. With the help of animation, we can smoothly change perspective,
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e.g., move from the surrounding flatness to the sphericity of the Earth. The effectiveness of
such activities is described in the article.

1.3. Testing Effectiveness of the Intervention

Educational effectiveness is measured by means of pedagogical experiments in which
effectiveness is measured by comparing pretest and posttest results [16,38]. Comparisons
to a non-intervention control group are not used. Knowledge testing usually takes the form
of an interview [17], sometimes supplemented by an analysis of children’s drawings [21].
Tests are used far less frequently to assess children’s knowledge [11,39]. Despite its limi-
tations (no possibility to trigger internal models, [40]), a test economically establishes the
embeddedness of a concept in the knowledge structure. An example of such a tool is the
EARTH?2 forced-choice test [40]. It checks whether children use the concept of the Earth’s
shape to explain other phenomena (e.g., movement of people on Earth).

A posttest conducted in order to assess the effectiveness is usually carried out shortly
after the end of the intervention, i.e., two weeks. A certain postponement of the posttest
serves to assess knowledge that is well established rather than fresh. In studies conducted
with a very short postponement, children have shown to be able to still recall the scientific
explanations given during the intervention [15,17]. If the postponement was longer, chil-
dren gave fewer details and more often tended to return to initial explanations based on
everyday experiences [20]. In studies where children’s knowledge was tested after several
years, it was found that students referred back to everyday experiences [38]. These findings
are consistent with the shape of the learning curve and suggest that in the case of concepts
that contradict everyday experiences, more frequent repetition is needed. However, there
is a concern that the longer the intervention process continues, the more other factors may
be affecting the final educational effect, i.e., it becomes more difficult to determine the
effectiveness of the intervention as such. Under such conditions, a postponed posttest may
lose relevance.

2. Materials and Methods

The aim of the study was to determine the effectiveness of an educational intervention
in helping children construct the concept of the Earth’s shape through the process of
building a cosmological model of the Earth prior to the introduction of a globe. The main
method used to achieve the study objective was a pedagogical experiment. It consisted of
carrying out an educational intervention among the children and seeing how their views
changed, following a series of activities.

The educational intervention was implemented based on an astronomy education
programme designed by the author. The programme had been created on the basis of the
model of development of basic astronomical concepts [19], precursor model concept [31],
and Poddyakov’s ideas on constructing a didactic model [37]. According to the devel-
opmental model, the concept of the Earth’s shape forms the basis for understanding the
phenomena seen in the sky (space), the location of people on Earth, the phenomenon of
day and night, the phases of the Moon, and the structure of the Solar System.

The main objective of the programme was to support the children in constructing the
concept of the Earth’s shape and then use this as a starting point for discussing further
astronomical topics. The programme was divided into five stages. The first three involved
a gradual transition from observing the sky to building a model of a spherical Earth and
then replacing it with a globe. The next two stages used the globe to explain more advanced
cosmic phenomena. The focus below is on discussing the first three stages as the subject of
the research discussed in the article.

The first stage involved a series of activities devoted to sky observation. During these
activities, pupils observed the solar eclipse phenomenon. The structure of the sky was
discussed with the children, and its movement was simulated with the help of computer
programmes (e.g., Celestia, NASA Eyes). Attention was drawn to the regularity of celestial
phenomena. The second stage focused on forming a concept of the Earth’s shape by creating
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a spherical Earth model. For this purpose, a huge inflatable ball with the continents marked
on it was placed in front of the children. A small card with a hand-drawn person, clouds,
and a car was stuck to its surface. It was explained that this is where we live and the person
is you. The Google Street app was displayed on a large screen, and the place where we
were currently located was found. The view of the immediate surroundings was shown
(Figure 1a). It was pointed out that the same place was schematically represented by the
drawing attached to the ball (Figure 1b). In the app, the “camera” was lifted to show the
street from above and then zoomed out to a view of the city and the continent. An image of
a sphere appeared on the screen. The name of a distant location (e.g., New York) was given
along with the following suggestion: Let’s see how people live there. The animation shifted
the view of the planet to show a new area. Then, it zoomed in on the city until the image
was magnified to a street view. When asked by the teacher, the children again established
how people walk on the street as we do, drive cars as we do, and there are clouds above them. The
teacher showed the children a second piece of paper with a drawing of a person, clouds,
and a car and asked if it was the same on this piece of paper. He stuck it on the ball roughly
where New York is, i.e., on the other side of the ball. The lives of people in Australia, Japan,
South Africa, Greenland, etc., were analysed in a similar way. During each visit, cards
with pictures of people would be attached to the ball. When there were many pictures
(Figure 1c), a generalisation was made by pointing out the difference in perspectives in
relation to people, cars, and clouds. The following was said: See, people live on all sides of the
planet. Some—relative to us—move upside down. Similarly, we noted the following: Cars drive
from all sides of the Earth and clouds move over the surface of the whole Earth.

(a) - ()

(d) (e) (f)

Figure 1. (a) Schematic drawings presented to children; (b) drawing attached onto a large ball to
mark current location on Earth; (c¢) drawings attached to each side of the Earth. Analysis of the
location of people, cars, and clouds; (d) simulation using a self-made model of the Earth to illustrate
day-and-night phenomena; (e) replacing the self-made model with a ball to illustrate the actual
distance between the Earth and the Moon; and (f) replacing the ball with a globe and drawing
attention to the lack of visible elements of the Earth.

During the following class, the model of the Earth with cards stuck on was revisited
to explain the phenomenon of day and night. The room was dark, and a torch was used
to draw attention to the illuminated and unilluminated surface of the ball (planet), as
well as pictures of people for whom it was day or night (Figure 1d). Then, the teacher

33



Educ. Sci. 2024, 14, 761

ran an app demonstrating the position of the planet relative to the sun and showing its
current illumination.

In the third stage, the self-made model was replaced by a globe. It was explained
that with such a huge ball (Earth), the Moon would have to be several hundred metres
away. In order to reduce the distance, the Earth should be reduced to the size of a small ball
(Figure 1e). A small ball was then presented to the children, and it was explained that at
this distance, the Moon would be the size of a ping-pong ball. The ball was then replaced
with a globe of similar size, and it was explained that the globe is already so small that you
cannot see all of the people, houses, and even cities on it (Figure 1f). However, we know
they are there. Using the app, they practised finding out where they lived and marked it on
the globe.

The above three stages contain a practical reference to N.N Poddyakov’s concept and
the concept of precursor models. A series of activities devoted to the concept of the Earth’s
sphericity was carried out over seven school classes. The classes took place, implemented
once a week (on average) for a period of three months from October to December. The
programme was carried out with a group of 47 first- and second-grade primary school
students (7 and 8 years old) comprising 24 boys and 23 girls. The selection of students for the
study was based on the school’s designation by the foundation organising the astronomy
education project. The students participating in the project had not previously engaged in
astronomy education activities beyond those included in the standard curriculum.

In order to determine the effectiveness of the intervention (experimental factor), a
single-group technique was adopted as the experimental method because it allows one to
focus on determining the effect of an educational intervention.

The pictorial forced-choice test EARTH?2, Earth Representation Test for Children (Ap-
pendix A), was chosen as a tool to evaluate the educational effectiveness of the programme.
Its answers (pictures) are based on the mental models of Vosniadou and Brewer [3,27]. The
assumption was that a child marking a picture would at the same time reveal its mental
model. By analysing the marked pictures, it is possible to check to what extent children
adhere to the spherical image of the Earth to explain problems such as the location of
people, trees, and clouds; the way people move on Earth; and the phenomenon of day and
night. The test had been translated into Polish and checked for the possibility that Polish
children might reveal other beliefs than those included in the test [19].

The EARTH?2 test was used twice during the study. The first was in October, just
before the start of the intervention (pretest), and the next was in January, one month after
completion of the first three stages of programme implementation (posttest), during which
the children were supported in constructing an image of the spherical shape of the Earth.
The EARTH2 test is a screening tool that allows one to establish pupils’ competencies in a
short period of time. This tool has been used to assess the effectiveness of an educational
intervention among children in the past [11,39].

3. Results

Previous studies did not usually involve building cosmological models but merely
used ready-made ones (e.g., a globe) or referred to objects as substitutes (a ball is the
Moon). The study followed Poddiakov’s concept and the concept of precursor models,
which involve gradually building a model of a spherical Earth and transferring actual
locations to the Earth model in stages (computer programmes were used for this purpose).
The effectiveness of such an organisation of the study was demonstrated by the difference
between the pretest and posttest.

A pretest to assess students’ knowledge prior to the intervention was used to deter-
mine whether students already had a well-structuralised idea of the shape of the Earth prior
to the activity. The detailed results of the pretest are presented in Appendix B (Table A1).
Before the results are presented, it should be noted that a spherical image of the Earth, in
addition to scientific answers, was also included in some answers referring to synthetic
models (e.g., people only live in the northern hemisphere); therefore, in the presentation
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of the results, we make a distinction and separately report about the answers referring to
the scientific model and those that simply indicate illustrations (models) that represent
a spherical Earth. The study found that, prior to the intervention, one in three students
tested (30%, 14 out of 47) consistently adhered to the Earth as a sphere when answering all
of the questions without necessarily indicating the scientific answer. In contrast, one in five
(19%, 9 students) indicated the correct answers to all questions in the test.

Apart from a few photographs (Figure 2a,b), the activities were not recorded, but after
each session, a brief note was written about the children’s statements and behaviour.

Figure 2. (a) Lesson on the way people live in different parts of the world and attaching pictures to
each side of the ball-Earth; (b) the self-made model is replaced by a globe.

Fears around the dangers of asteroids and comets passing close to Earth were evident
in the children’s questions and behaviour. During the class, each of the dangers was
explained using rational evidence, e.g., examples of space projects that have so far been
developed to defend against space rocks (e.g., the DART programme).

After completing the series of classes (three stages of the educational programme), the
test was repeated. Detailed results of the posttest are included in Table A2 in Appendix B.
After the astronomy classes, almost twice as many students as during the pretest (43%,
20 out of 47 students) consistently adhered to the image of the Earth as a sphere and
indicated the scientific answers (38%, 18 students). These results confirm the effectiveness
of the educational intervention undertaken.

The comparison of pretest and posttest results also took into account the distinction
between initial, synthetic, and scientific models (following the classification of Vosniadou
and Brewer [3]). All answers (pictures) that represent the Earth as a flat disk were classified
as initial models, and those that represented the Earth as a sphere were classified as scientific
models. All answers in between were classified as synthetic models (cf. Appendix A).

No change in the children’s answers to the test (regarding their correctness) was
observed in the case of five children. Further, five children (11%) pointed to the scientific
model in all questions in the pretest and posttest. This means that by the time the educa-
tional activities started, the pupils already knew the correct answer to the questions in the
test. For the remaining 37 children, 142 changes were noted. They were divided according
to the direction in which the changes occurred:

e  Most changes were progressive (49%, 69 cases). They involved moving from an initial
to a synthetic model (9 students). As a consequence, students no longer marked a disk-
shaped Earth, whereas moving from a synthetic model to a scientific one (36 students)
and from an initial model to a scientific one (24 students) entailed adopting information
about the spherical shape of the Earth but also the location of objects or phenomena.
All progressive changes consisted of the gradual abandonment of answers derived
from everyday observation and the adoption of scientific information;
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e  Regression was noted in 30 cases (21%). Reverting to previous beliefs was evident in
three types of change: (a) regressive changes involving abandoning the scientific model
and indicating the synthetic model (21 students), (b) regressive changes involving
abandoning synthetic models and indicating initial models (3 students), (b) regressive
changes involving abandoning the scientific model selected in the pretest and indicat-
ing the initial model in the posttest (6 students). Such changes consisted of a return to
a strong impression treating the Earth as a disk as the concept of the Earth’s shape is
still forming in the conceptual structure;

e  No change or a change within the same non-scientific model (from initial to another
initial and from synthetic to another synthetic) was present in one in every three cases
(30%). This shows that the formation of the Earth’s shape concept is still ongoing.

The above results indicate that the procedure used during the intervention was suc-
cessful. The transition from the flat Earth seen in everyday life to the view of a spherical
Earth and building a model of it involved showing two different perspectives. Thanks to
the computer animations used, it was possible to show the transition between the two. In
turn, the gradual reduction in the self-made model of the Earth, ending with its replacement
by a globe, was aimed at supporting the process of abstraction. The children learned that
the information that was encoded during the activities on the Earth model (people, clouds,
and cars depicted in the pictures) is located on the Earth but is too small to be represented.
This form of placing information on the surface of the Earth model (which is close to coding
it) was an important part of the transition from flatness to sphericity of the Earth.

During the intervention, no detailed analysis of the children’s behaviour was carried
out, but a brief note of the activities was written after each meeting. The children’s
statements and behaviour were recorded in this form. The children brought books about the
cosmos and posed difficult questions written down in advance on cards. These questions
went far beyond the subject matter of the class and came from media messages. Most
often, they concerned space objects flying close to Earth, but there were also questions
on preparations for the landing of man on Mars, space missions, and black holes. The
particularly challenging questions the children presented were as follows:

o  Isit true that the James Webb telescope has discovered constellations older than the Big Bang,
stars formed by the Sagittarius A and B black holes, galaxies that formed some 371,000 years
after the Big Bang?

o s there an infinite black hole? One that has infinite mass?

Asking such questions suggests that first-grade students are curious about topics that
are much more distant from what has been planned for them in the curriculum. It was
observed that the increased interest in space topics was also related to greater attention
to media reports. Many of the questions were about threats from space. During the class,
the post-activities undertaken by adults to avoid dangers (such as the DART programme)
were explained. All of this indicates that the topics of children’s interest go far beyond
the curriculum.

4. Conclusions and Discussion

The study has shown that half of all observed changes between the pretest and posttest
were progressive, demonstrating the effectiveness of the assumption made regarding the
construction of Earth models prior to the introduction of a globe. One in three changes
involved the selection of a different synthetic model. In contrast, one in five changes were
regressive in nature and involved selecting those images that were closer to everyday
experiences. Results of the study confirm the effectiveness of structured educational
interventions and demonstrate that appropriately organised educational activities can be
effective in supporting children in forming the concept of a spherical Earth [10-12,23].
The findings indicate that constructing a concept is a process related to incorporation
into the knowledge structure. All of the changes revealed in the study (progression and
regression) are evidence of the child’s mind working to align the new concept with its
mental structure [31].
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Multiple forms of impact were used in the intervention. Coding the figures using
pictures on the ball-Earth was an activity that helped the children identify with their place
on the ball, whereas sticking more cards on the ball enabled the children to see that both
people and vehicles are all around the Earth and do not fall off the Earth. Clouds, on
the other hand, form the layer of atmosphere that surrounds the Earth. These issues are
important for building further concepts, not only astronomical ones. With a ball as a model
of the Earth, a simulation of the day-and-night phenomenon was carried out to better
explain this complex phenomenon. The ball model was then replaced by a globe, which
was used as a model of the Earth in subsequent activities. Computer animations were
also used during the intervention as a form of learning support. Zooming in and out
of the image of the Earth on the screen helped to explain what a change in perspective
was. Thus, the effectiveness of employing conversations with children [33,34], didactic
models, and simulations [11,15], as well as programmes that allow one to switch between
the map (visible on the screen) and the globe [2,10,23,35], was confirmed. This list of
effective influences can be supplemented by a procedure of constructing a spherical Earth
model before introducing a globe as a ready-made model containing a lot of codified data
(e.g., inclination of the Earth’s axis and distances between cities).

The constructivist approach, which is the pillar of the study described here, is based on
the assumption that, during organised activities, children can take the elements they need
to build their knowledge of the world. Each of the children, operating at a different stage in
the formation of the spherical Earth concept, drew those elements from the activities that
were important to them. The fact that not all children have yet grasped the concept and
that some of them revealed a regression in the posttest confirms that the integration of the
concept of the Earth’s shape into the mental structure is a long-term process that requires
restructuring (accommodation). The difficulty in mastering this concept confirms previous
research findings [18,21].

Research also confirms that changes in the conceptual structure related to the shape of
the Earth do not happen suddenly [18]. Rather, they are a gradual process that requires
appropriate educational support. When support is lacking, concept development stalls or
even regresses, and children resort to the strong image of a flat Earth again [20,38]. Studies
conducted among 9- and 10-year-old children who were not taught the shape of the Earth
show that half of the respondents gave up the spherical Earth explanation when asked
to explain cosmic phenomena [19]. The study also confirms that the development of key
concepts (including the shape of the Earth) needs to be addressed quickly to avoid the
development of coherent non-scientific models [21].

The intervention triggers children’s interest in the topic of space [12]. This, in turn,
generates the need to ask questions and sometimes seek answers on their own [11]. Children
started to pay more attention to media reports, which, in turn, gave rise to further questions.
Their content significantly exceeded the scope of curricular contents intended for the first
grade. This, therefore, confirms the need to extend the scope of astronomy education [13].
However, the extension should include issues currently appearing in media messages—
space discoveries and space technology. Such an extension of astronomy classes would
enliven them and bring them up to date with what is often emphasised in astronomy
education [16].

Conversations with the children revealed their fears about space. It seems that for some
children, these classes were the first opportunity to think about the existence of dangers
from space. During the activities, fears were discussed at length, and actions taken by adults
to avoid dangers were explained. This confirms previous research observations [13] and
points to the need for a deeper understanding of this area as well as for the development of
educational activities that should include alleviating children’s fears.
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Appendix A

Earth Representation Test for children, version 2 (EARTH?2) [40]. In presenting the
following questions, the trial question “mark the cat” was omitted; this question was
available in the original and online versions.

1. What does the earth look like? 2. Which picture shows best where the 3. Which picture shows best where the
people live on the earth? clouds are?
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7. What happens when you walk along a
straight line for a very long time?

Appendix B

8. Which picture resembles the earth

best?

4

9. Which picture shows best how night
falls?

4
’

Table A1. Distribution of responses in the test before the educational intervention (pretest).

Initial Model Synthetic Model Sdlentific
Question ode
Flat Earth Hollow  Dual Flattened  No Gravity Scientific
. 1 3
? - %
1. What does the earth look like? 0 0 2.1%) (6.4%) 43 (91.5%)
2. Which picture shows best where the 4 4 4 o
people live on the earth? (8.5%) (8.5%) ) 0 (8.5%) 35 (74.5%)
3. Which picture shows best where the 7 3 5 o
clouds are? (14.9%) (6.4%) - 0 (106%)  o2(081%)
L 1(2.1%) 6 (12.8%)
3}}:2[: ;Chigfthlgglfsh; Lvasl}) fes;ﬁ?;? ppee Falls off the Does not fall §%) - @ 11%) (271;%) 24 (51.1%)
& ’ Earth off the Earth ’ ’ '
5. Which picture shows best where the trees 3 4 ) 0 7 33
are on the earth? (6.4%) (8.5%) (14.9%) (70.2%)
. . 1(2.1%) 11 (23.4%) 1 3 31
? - -
6. Where is the sun at night’ Cloud Sundown  (21%) (6.4%) (66.0%)
7. What happens when you walk along a 2 (4.3%) 6 (12.8%) 1 2 36
straight line for a very long time? Does not fall Falls off the (2.1%) ) 0 (4.3%) (76.6%)
& yiong ’ off the Earth Earth ’ ’ ’
8. Which picture resembles the earth best? 0 0 0 0 - 470
(100%)
o . 1(2.1%) 21 (44.7%) 17
? - -
9. Which picture shows best how night falls? Cloud Sundown 0 8 (36.2%)
Table A2. Distribution of responses in the posttest of the Earth shape education intervention se-
ries (posttest).
Initial Model Synthetic Model Sdlentific
Question ode
Flat Earth Hollow  Dual Flattened  No Gravity Scientific
. 1 3 3 40
? -
1. What does the earth look like? 2.1%) 0 (6.4%) (6.4%) (85.1%)
2. Which picture shows best where the 3 2 0 1 41
people live on the earth? (6.4%) (4.3%) (2.1%) (87.2%)
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Table A2. Cont.

Scientific
Initial Model Synthetic Model
Question Model
Flat Earth Hollow  Dual Flattened No Gravity Scientific

3. Which picture shows best where the 4 2 ) 0 3 38

clouds are? (8.5%) (4.3%) (6.4%) (80.9%)
. . 1(2.1%) 4 (8.5%)
3\/}2]; ;Chigifttlli:ljsh; ;v;ﬂb fessl‘fa?ctl? PPE " Fallsoffthe  Does not fall (1056%) - 0 0 (783;%)
& ’ Earth off the Earth ’ '

5. Which picture shows best where the trees 4 1 ) 0 3 39
are on the earth? (8.5%) (2.1%) (6.4%) (83.0%)

. . 1(2.1%) 5 (10.6%) 1 38

? - -
6. Where is the sun at night? Cloud Sundown  (21%) z (80.9%)
0 4

Z&z\i]hﬁtt 1}251:[-)5? . We};enlg’r?u t‘;VIIallel; wlong 2 Falls off the - Does not fall ¢ 20/ ) - 0 @ 110/ ) (8338"/ )
& verylong ’ Earth off the Earth e e s

8. Which picture resembles the earth best? 0 0 ! 0 - 46
: ’ (2.1%) (97.9%)

. . . 2 (4.3%) 9 (19.1%) 2 12 22

? - -
9. Which picture shows best how night falls? Cloud Sundown (4.3%) (25.5%) (46.8%)
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Abstract: Early Childhood Science Education, within a wide range of research topics, studies mental
representations of children aged 3-8 years about natural phenomena. Recently, there has been a strong
scientific interest in the way children construct precursor mental models. The current study attempts
to address children’s mental representations of clouds, as well as condensation and the precipitation
of water vapour. To fulfill this goal, a qualitative study was implemented involving 19 preschool
children. Specifically, the survey included pre-tests and post-tests for recording children’s mental
representations, as well as a structured teaching process. The main activities of this teaching process
followed the four stages of the Engineering Design Process and a STEAM approach, adapted both
to children’s cognitive needs and the conditions of a real classroom. The results showed that most
children of this age (mean age: 5.05 years) were able to approach the concepts of condensation
and precipitation, as well as the process of cloud creation. It seems, therefore, that it is possible for
young children’s initial mental representations to be transformed into representations compatible
with school knowledge. Finally, the data and the results of the research lead to the conclusion that
children of this age are capable of constructing a precursor model about clouds and the phenomena
of condensation and precipitation.

Keywords: mental representations; precursor model; condensation; precipitation; Engineering
Design Process

1. Introduction

Early Childhood Science Education sets itself in a wide spectrum that encompasses
distinct study fields such as Early Childhood Education, Educational Psychology, and
Science Education. This new field, both from a theoretical and a research point of view,
covers a number of issues that are related to the development of scientific educational
environments and the training of teachers, as well as the learning and teaching of natural
sciences to students aged 3-8 years old. Within this context, a distinct direction of research is
the study of young children’s mental representations of scientific concepts and phenomena,
the obstacles they create in the conceptualization of the scientific phenomena, and strategies
to deal with these obstacles through developmentally appropriate activities [1-3].

Within a special perspective, modern research in this study area deals not only with the
transformation and evolution of some mental representations but also with the formation
of precursor models in children’s thinking. These are stable entities that have two main
characteristics: (a) They interpose themselves, as dynamic forms of thinking, between
naive mental representations and scientific knowledge taught in schools and (b) They hold
specific characteristics of scientific models, such as the use of appropriate variables that
allow satisfactory descriptions and the formulation of predictions for the evolution of
physical phenomena [4].
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During the last few decades, a new research field was shaped around STEM education
that describes an interdisciplinary approach to Science, Technology, Engineering, and
Mathematics [5]. Lately, Arts were added to the acronym, forming the term STEAM,
to enhance creativity [6-8]. Regarding early childhood settings, STEAM could also be
combined with non-STEAM areas such as Literature, History, and Storytelling. In addition,
everyday life situations and problems can be used and solved through the Engineering
Design Process, a four-stage problem-solving process that introduces and facilitates STEAM
activities in Early Childhood Education [9].

In the current research, an attempt was made to study the possibility of constructing
a precursor model for the condensation and precipitation of water vapor in the thinking
of approximately 5-year-old children through the creation of an educational environment
based on the Engineering Design Process.

2. Theoretical Background and Literature Review
2.1. Literature Review

Early Childhood Science Education covers a wide spectrum that extends from the
study of children’s ideas about natural phenomena to the design and implementation
of proper teaching interventions. It addresses a variety of natural science concepts and
phenomena, such as mechanical phenomena [10-12], floating and sinking [13-15], ther-
mal phenomena [16-20], light and shadows [21-24], and elementary astronomy [25-27].
A literature review that focused mainly on water state changes and the water cycle in
nature revealed the positive experience that young children harbor regarding ice melting
and water evaporation, as well as other related phenomena [28].

Students need to establish connections between scientific notions and their everyday life
experiences and be able to utilize this new knowledge in problem-solving situations [29-31].
It seems that young children often face difficulties in learning and conceptualizing notions
about water state changes. However, as research findings reveal, preschool students
often have interesting experiences with thermal phenomena that enable them to approach
scientific knowledge through appropriate teaching methods [1-3].

Although young children can understand phenomena such as boiling [32], most of
them could face difficulties with other notions such as evaporation [33]. Tytler [34] studied
the mental representations of young children, aged 6 to 7 years old, regarding evaporation
and condensation, while Cruz-Guzman et al. [35] examined 2- to 4-year-old children’s
mental representations about the change of matter in daily material.

In their research, [36,37] revealed that young children were capable of constructing a
precursor model that could support their scientific thinking regarding water state change
phenomena. However, severe difficulties were recorded in the conceptualization of the
condensation phenomenon. Bar’s [33] research showed that 5- to 7-year-old children hold
the view that God is exclusively responsible for rain without mentioning any connection
with clouds, while older 6- to 9-year-old children could justify the creation of clouds
through the existence of steam. Ahi [38] stated that children were able to connect rain with
clouds and tended to recognize both of them as important elements of the water cycle.
However, he pointed out that children often encountered difficulties with notions such as
evaporation and condensation. In Savva’s research [39], children also tensed to describe
clouds as the source of the rain. Quite interestingly, as a literature review revealed, many
7- to 10-year-old children likened clouds to sponges with holes that let the rain fall [33,40].

Jelinek [41] used a narrative approach to examine to which extent children would
be able to detect incorrect information regarding evaporation. Although only a few were
able to detect errors in the story, half of the children connected cloud formation with
evaporation. Malleus et al. [42] also investigated children’s ideas about clouds and rainfall.
They stated that while young children mainly focused on the visible aspects of clouds
(e.g., made of cotton), some of them were capable of giving synthetic responses that were
close to scientific thinking, recognizing that clouds were made of water vapor. Savva [39]
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also examined the concept of rainfall with children and found that older children could
associate clouds with rainfall.

Another item of research revealed that, despite the difficulties that children may have
with complex entities such as clouds, they can often offer descriptions and recognize both
the characteristics of clouds and their nature [43]. In conclusion, it seems that only those
4- to 7-year-old children who either completely or partially associate water vapor with
clouds and rain can conceptualize rain and cloud formation phenomena as key components
of the water cycle in nature [43-45].

Based on analysis of the relevant literature, as well as school-level science knowledge
about the water cycle in nature, the key structural features of a precursor model for the
water cycle in nature for children aged about 5 years are the following:

(a) Firstly, the transition from the liquid to the water vapor state is solely limited to
notable and well-observable ‘water reservoirs’ such as the sea or lakes and rivers. At
the core of this choice lies the capability of utilizing the real-life experiences of young
children, which can act as the starting point for teaching interventions.

(b) As a transition process, the creation of water vapor in boiling states is primarily
chosen, since the phenomenon is intense and allows the centralization of the chil-
dren’s thinking. Although, in nature, the main process of water vapor production
is evaporation without boiling, we chose boiling as it coexists with evaporation. In
addition, part of the teaching process related to scratch applications on the sea, an
issue which is based on the evaporation of water.

(c) The transition of water vapor to the liquid state is attributed to condensation due to
cooling by air.

(d) The cycle of related phenomena is completed by precipitation and rain, which is
attributed to the concentration of water droplets returning back to their original
reservoirs on the Earth’s surface.

All these phenomena facilitate the gradual evolution of students’ thinking into higher-
level models as (a) water reservoirs can incorporate the moisture of solid soil, (b) the
transition from the liquid to gaseous state can be dominated by evaporation, (c) precipita-
tion and rainfall are more complex mechanisms, and (d) the return of rain to Earth involves
run-off, infiltration, and percolation.

2.2. Research Questions

In the current research, we dealt with the phenomenon of condensation and the
precipitation of water vapor. In particular, our goal was to study the transition of water
from the gaseous state to the liquid state, from the perspective of transforming children’s
mental representations from pre- to post-test while establishing a precursor model in their
minds. Key elements of such a model are, on the one hand, the recognition of the physical
processes of condensation of water vapor in familiar phenomena and, on the other hand,
the linking of condensation with precipitation so that the thermal character of this process
is consistently recognized. In this context, three research questions were formulated to
investigate the potential change in children’s reasoning between pre- and post-test.

The first research question examined children’s mental representations of cloud creation.

The second research question examined the way children approach the cycle of con-
densation and the precipitation of water vapor.

The third research question studied children’s mental representations of condensation
of water vapor in everyday life situations.

3. Materials and Methods
3.1. Participants

The participants of this study consisted of 19 children (9 boys and 10 girls, mean age
5.05 years) who voluntarily participated in this research. They were chosen on a convenient
basis as all of them attended a kindergarten class in a school in Piraeus, Greece. The research
was conducted with the written consent of the children’s parents and the permission of
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the ethics committee of the Department of Educational Sciences and Early Childhood
Education of the University of Patras. While no activities on ‘condensation of water vapor’
had been carried out within the classroom, all of the children were familiarized with the
phenomenon of boiling and the vaporization of water.

3.2. The Research Process

The research design consisted of a pre-test, four (4) main stages that followed the
Engineering Design Process (EDP) for Early Childhood Education [9], and a post-test
(Figure 1). The main activities that followed the 4 stages of the EDP were: (1) Problem,
(2) Inquiry, (3) Designing and Testing, and (4) Conclusions and Presentation. The pre-tests
were conducted a week before the main activities while the post-tests were conducted a
week after the completion of the main activities.

)

Main Activities

pre-tests 4 - stages post-tests
EDP

—

Figure 1. Research Process.

The entire research process was carried out by a researcher with extensive experience
as an early childhood teacher.

3.2.1. The Pre-Test

The pre-test was conducted with semi-structured interviews, which were composed
of 6 basic tasks by which children’s mental representations were recorded. The discussion
with the children initiated with an introductory question asking them whether and where
they had ever seen clouds. The fact that all children were able to talk about this experience
led to the start of the interview. The key questions of every basic task of the interview
were as follows. Research question 1: Task (1) What is a cloud? Task (2) How is it created?
Research question 2: Task (3) Do you know what condensation is? Have you ever heard
the word precipitation? Research question 3: Task (4) If there is a pot of boiling water in the
kitchen, what would happen on the kitchen cabinets? What would happen on the kitchen
windows? Task (5) What if cold air suddenly blows over the pot? Task (6) Have you ever
seen a factory? Have you noticed the chimneys? What comes out of there?

The discussions with the children were recorded and analysis of the data was based
on the corresponding transcripts.

3.2.2. The 4 Stages of Activities According to the Engineering Design Process (EDP)

The activities were implemented in real teaching conditions and were developed in
4 stages according to the EDP [9]. The EDP is a problem-solving process that follows
specific steps and constraints in order to solve problems or create prototypes. The EDP
was utilized in this paper in two ways. Firstly, to design the teaching intervention and
secondly by children in order to solve the problem presented to them through its 4 specific
steps. Through its four steps, the EDP offers the possibility to design individual activities or
projects focused on solving a specific problem; with the appropriate visualization, children
can be gradually introduced to its steps in order to follow a specific process to achieve their
goal [9].

In the current study, the children were asked to identify the problem Paul faces in
order to interpret and analyze the phenomena he observes. Thus, children first identified
the elements of the story (Problem), then expressed their experiences and ideas about
the elements they identified (Inquiry), designed ways in which they could make a cloud,
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and observed and participated in the implementation of the experiments (Designing and
Testing). Finally, due to the nature of the topic, the children created a poster to ‘solve’ the
problem that Paul faced within the original story. In particular, they attempted to interpret
the phenomenon they investigated accurately and in a way that was compatible with school
knowledge, as well as communicate it to others. Finally, they focused on how, when, and
why the cloud forms, even in situations other than at the factory.

Particularly, in the first stage of the EDP (Problem), the researcher narrated a story
about a child named Paul. The scenario of the story was as follows: ‘Paul lives in a town,
near a factory, in which very large cauldrons of boiling water started to heat up. Suddenly,
a white smoke, steam, began to rise from the tall and large chimneys. Large clouds began
to form over the factory, which grew larger and larger’. Upon completion of the story, the
children were asked to identify and define what these clouds were and how they were
created. The choice of the analogy of factory chimneys was made in order to introduce
the concept of steam to children through an analogy that is well-known in their everyday
life experiences, as numerous factories exist in the area where these children are raised.
In particular, during the implementation of the pre-tests, it appeared that some children
had some experience with factories, even reporting on their own that ‘white clouds’ or
steam and white smoke formed over the chimneys. In contrast, other children reported
fire or grey smoke (when something burns) from factories or from ships in the harbor.
Therefore, drawing on the distinction the children made on their own, the story of Paul,
who introduces the concepts of a heat source, water, steam, and clouds, was created.

In the second stage of the EDP (Inquiry), the children were encouraged to express their
ideas about the creation of clouds and the material they were made of. In addition, they
were prompted to point out the role of the boiling water in the whole process, as well as to
refer to everyday experiences related to the phenomenon of condensation (e.g., factories,
ships, and cooking). Finally, they were encouraged to suggest possible ways of finding out
what was really happening. Here, the researcher had the role of moderating the plenary
discussion and recording their views on an interactive whiteboard.

In the third stage of the EDP (Designing and Testing), the children were initially asked
to individually design and justify their responses regarding the possible ways of cloud
creation. Subsequently, an interactive virtual simulation experiment was implemented
on the classroom’s interactive whiteboard. This simulation experiment was designed in a
Scratch programming environment by the research team and employed with the children
(Figure 2).

Figure 2. Interactive Virtual Experiment Simulation.

As soon as a child placed a pot of water in the kitchen, the water would start to boil,
and steam and small droplets would rise upwards. Then, the kitchen window would
suddenly open, and a cold wind would blow. As a result, a cloud was created in the

46



Educ. Sci. 2024, 14, 757

room. Subsequently, cloud creation was transferred to the context of the sea, where the sun
would heat its surface and droplets would rise up to the sky. These droplets met cold air
masses which led to the creation of clouds. At this phase, the teacher introduced the terms
‘condensation” and “precipitation’.

At the end of this activity, two experiments were carried out in the physical space of
the classroom: (a) boiling water in a pot next to a side window and (b) boiling water in
a pot covered with a transparent lid. The children were asked to carefully observe and
predict what would happen in each experiment.

Finally, the children divided into groups had the opportunity to play the music-motor
game ‘steam—cloud’. According to the game, the children were able to move freely in the
classroom as steam, while they had to approach each other and move in a cloud-group as
soon as the ‘cold wind’ started blowing.

In the final stage of the EDP (“Conclusions and Presentation’), children were invited to
present their findings and conclusions to another class of the school as well as their parents.
The teacher provided children with a number of different materials (cardboard, brushes,
and paints) and, as a group, the teacher along with the children decided how to carry out
their presentation. Here, the children were asked to emphasize how they rediscovered what
clouds are made of, when and why this happens, and in what other situation something
similar can happen other than at the factory.

The whole process was videotaped while non-verbal observation protocols were
also followed.

3.2.3. The Post-Test

Having completed the four stages of activities, a post-test was carried out. Here, the
children participated in a test similar to the pre-test interview, in order for the researcher to
explore the possible effects of the above-mentioned activities on their way of reasoning.

3.3. Data Analysis
3.3.1. The Pre- and Post-Test

Children’s responses to the pre- and post-test were classified into two categories:

(a) Sufficient responses were those that were consistent with the school-level knowledge
of water vapor condensation and precipitation in the various phenomena. These were
answers in which the variations associated with condensation were described with
the appropriate variables and were predicted satisfactorily.

(b) Insufficient responses were those that were incompatible with the school-level knowl-
edge of water vapor condensation and precipitation in the various phenomena. These
were answers in which the variations associated with condensation were not described
with the appropriate variables and did not adequately predict the changes associated
with condensation.

3.3.2. The EDP Analysis

Qualitative data were collected through (a) recordings of both the researcher’s nar-
ration and children’s dialogues during the four stages of activities (duration: 1 h and 30
min), (b) children’s drawings after each stage of activities (95 drawings in total), (c) chil-
dren’s non-verbal behavior protocols, and (d) analysis of the video footage. Analysis of the
narrative and dialogue was based on the transcripts, with simultaneous documentation of
the video footage, drawings, and protocols. The texts were divided into episodes based
on themes related to condensation and precipitation [46-48]. The analysis of the episodes
was aimed at identifying the critical points at which the formation in children’s thinking of
mental representations compatible with knowledge learned at school takes place. These
critical points were actually the key elements of the precursor model. From this qualitative
analysis, the creation of clouds and the processes of evaporation, condensation, and precip-
itation, as well as precipitation in everyday conditions, emerged as central themes, whose
main dimensions will be presented in the following section.
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4. Results

4.1. The Pre- and Post-Test

In the following paragraphs, the findings of the pre- and post-test, which qualitatively
share the same characteristics, are presented. This data are displayed in a frequency table,
while for each response category, characteristic descriptions made by the children are given

(Table 1).

Table 1. Frequencies of children’s responses to pre- and post-test questions.

Pre-Test Post-Test
Sufficient Insufficient Sufficient Insufficient
Students Students f Students f Students
1,4,5,7,8,9,10,
Task 1 2,4,5,7,813,14,15 1,36,9,10,11, 11 11,13,14,15,16, 15 2,3,6,12
12,16,17,18,19
17,18,19
1,2,3,4,5,6,7,8, 1,3,4,5,7,8,10,
Task2 914,15 10,11,1213,16,17,18,19  '° 11,14,16,17,18,19 13 269,12,13,15
1,2,3,4,5,6,7,8,9,
Task 3 10,11,12,13,14, 19 11111'41'2'17'7811801 9 13 2,6,9,12,13,15
15,16,17,18,19 e
1,3,4,5,6,7,8,9,
Task 4 3,6,8,14,17,18 6 1,24,579,10,11, 13 10,11,13,14,15, 16 2,12,16
12,13,15,16,19
17,18,19
1,2,3,4,5,6,7,8,9, 1,34,5,6,7,8,9,
Task 5 0 10,11,12,13,14, 19 10,11,13,14,15, 16 2,12,16
15,16,17,18,19 17,18,19
3,4,5,6,7,89,
Task 6 3,4,8,11,15,16,18 7 112’21’2’?217'197'1109’ 12 10,11,12,13,14, 17 1,2
reErm 15,16,17,18,19

4.1.1. What Is a Cloud? What Is a Cloud?

(@)
(b)

In this question, two categories of responses appeared:

Sufficient responses where children seemed to acknowledge that clouds are created
by water. For example, S14, post-test: ‘very small droplets that stick’.

Insufficient responses where children described clouds as entities that are artificially
created, without making any association with water. For example, S10, post-test:
‘white. . . like cotton’.

4.1.2. How Is It Created?

(@)

(b)

In this question, two categories of responses also appeared:

Sufficient responses where children seemed to recognize that clouds are created by
water droplets. For example, 514, post-test: 'very small raindrops, the first cloud
becomes rain and falls, and then other clouds join. .. and multiply”.

Insufficient responses where children tended to attribute the creation of clouds to the
wind, cotton, ice, snow, or even God.

4.1.3. Do You Know What Condensation Is? Have You Ever Heard the Word Precipitation?

(@)

In these questions, two categories of responses also appeared:

Sufficient responses in which children seemed to identify the two physical processes
of condensation and precipitation regardless of whether they used these two terms.
However, it should be noted that sufficient responses were exclusively recorded
during the post-test, and only four children used both terms. For example, 516, post-
test: “the sun warms the sea and steam comes out, cold air blows and the cloud is
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made” and S3, post-test: ‘steam goes over the pot and droplets are made and air is
blown. ..

(b) Insufficient responses where the two physical processes were not recognized at all by
children. For example, 517, pre-test: ‘when water runs’, S3, pre-test: ‘something that
gets hot’, and S12, pre-test: ‘that means it’s smoke and means we shouldn’t follow it
somewhere’.

4.1.4. If There Is a Pot of Boiling Water in the Kitchen, What Would Happen on the Kitchen
Cabinets? What Would Happen on the Kitchen Windows?

In these questions, two categories of responses also appeared:

(a) Sufficient responses where children were able to detect water vapor or haze on the
glass or kitchen cabinets when a quantity of water boils in a pot. For example, S8,
pre-test: “‘water goes out with the evaporation and gets on the windows’.

(b) Insufficient responses where children did not anticipate evaporation and precipitation
on room surfaces. For example, S6, pre-test: ‘the water will melt” and S12, pre-test:
‘some bubbles are bubbling’.

4.1.5. What If Cold Air Suddenly Blows over the Pot?
In this question, two categories of responses also appeared:

(a) Sufficient responses where children described the creation of a ‘cloud” when a pot
of water boils in the kitchen and suddenly a mass of cold air is blown out. Quite
interestingly, sufficient responses were only recorded in the post-test. For example, 54,
post-test: ‘it will become steam, it will become droplets, it will become a cloud and go
into the sea’.

(b) Insufficient responses where children did not recognize the interaction of hot water
vapor with cold air. For example, 59, post-test: *. . .it will cotton remain. . .”

4.1.6. Have You Ever Seen a Factory? Have You Noticed the Chimneys? What Comes Out
of There?

In these questions, two categories of responses also appeared. It should be noted here
that in the analysis of the results, a distinction was made between ‘grey smoke” and vapor,
and clouds and ‘white smoke’.

(a) Sufficient responses where children recognized the production of smoke and its
relationship to the creation of ‘clouds’. For example, S6, post-test: ‘steam. .. from
water, boil water and steam come out. . . it will become a cloud (if cold air blows)’.

(b) Insufficient responses where children did not recognize the relationship between
smoke and clouds. For example, S9, pre-test, ‘fire... smoke, it (the chimney) takes all
the air out and smoke comes in” and S14, pre-test, “usually smoke comes out when it
is very cold. .. smoke comes out of the fire, and they melt things to melt other things’.

4.2. The Four Stages of Activities

The data presented here were derived from the four main stages that followed the
Engineering Design Process. The flow and content of the activities are presented with a
focus on the critical moments and processes with regard to the transformation of children’s
mental representations and the construction of the precursor model.

4.2.1. First Stage: Problem

Given the difficulties detected in the pre-test, the learning object emerged in the
narration about the story of a child named Paul and the factory. This story was designed to
link the water vapor coming out of the boiler with the formation of a kind of cloud. Within
this connection, it appeared that the children could easily identify the specific features of
the phenomenon, such as the water, the fire in the boilers, the steam, and the formation of
the cloud, which was the main object of the activity. Therefore, it seemed that the role of
this narration was important as it allowed the necessary connections to be made between
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the different snapshots, which is a kind of reasoning that refers to a precursor model. The
following dialogue, which took place after the narration, clearly shows these connections.

Researcher. How was the cloud created?

S16. From the steam coming out of the chimneys.
S1: From the smoke.

S14: The water became steam and the cloud.
Researcher. So how were they made?

S7: From drops.

During the discussion, some children used their bodies to represent the process and
expressed views such as ‘in the beginning it was water, then it became steam and finally
it went up into the sky and became a cloud’ (S14) or that ‘it (the cloud) became steam’
(S15). At the same time, the researcher moderated this classroom play by re-describing the
key elements of the narration and by using formulations to describe the process in which
reference was made to the concept of the condensation of water vapor.

4.2.2. Second Stage: Inquiry

In this stage, children were asked to express their thoughts on the following topics:
(a) how are clouds created, (b) how they could build a factory that produces steam, (c) how
they could try to create their own cloud in class, (d) whether water has to be heated or
boiled in order to create a cloud, and (e) what happens in the context of the sea. For this
reason, children’s initial answers were recorded on the interactive whiteboard in the form
of a concept map related to the creation of clouds (Figure 3).

Figure 3. Concept map of children’s ideas and solutions.

For these recordings, the children freely expressed their ideas in open discussions
without the researcher reacting to what was being said. Thus, the children exchanged views
on the materials related to the cloud. During these discussions various entities emerged
such as drops, steam, water, cotton, ice, snow, stars, glass, rainbows, stones, etc.
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The researcher then asked the children to identify the materials used in the story so
that it would be possible to build a similar factory. Trying to respond to this suggestion
led many children to select the necessary materials. For example, some children pointed
out that the cloud is made “from very small droplets’ (514) and easily identified the basic
materials such as water, fire, and a cauldron. The following dialogue is a typical example of
the direction of these discussions with the children. A feature of this dialogue is the actual
group discussion as the children follow the thoughts of others and fill in the actual missing
elements to complete the description of the necessary experimental set-up.

Researcher. What do we need to build an identical factory?

S3. Gaz...

Researcher: What else?

S3. Water. ..

S15. .. .within a pot

S6. Fire. ..

S8. Chimney. ..

Researcher. And what would happen then?

S16. It comes out of the chimney and the air blows and becomes a cloud

Subsequently, the way the children approached the need to ‘heat” water was explored,
along with whether or not water needs to be boiled in order to create a cloud. In the wider
circle of discussion, all of the children seemed to recognize that a pot of water with no heat
source would not lead to the creation of a cloud. A typical dialogue is presented as follows:

Researcher. What does it take to create the cloud?
S18. Water and fire

Researcher: And what would happen?

S13. It will boil

S5. It will become steam

Researcher. What if the water didn’t boil? Would the factory be able to create
clouds?

S15. No
Researcher: Why?
S18. Because it wouldn’t boil.

S14. Because there would be no smoke. . . they would not be stunned (drops) to
make smoke and create (the cloud).

Finally, the children were asked to discuss what they needed in order to create their
own cloud in the classroom. Moreover, they were asked to ask themselves what happens
in the context of the sea. The dialogue below shows a typical example of the direction of
these exchanges with the children.

Researcher. What could we bring in the classroom in order to create our own
cloud?

S3. Pot

S1. Water

S6. Fire

Researcher. I wonder what happens in the sea if it gets hot?

S18. They are leaving (the drops). ..
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4.2.3. Third Stage: Designing and Testing

In the third stage, children were asked to individually design how they could make
their own clouds and to think about the processes that take place in nature for the creation
of clouds. Thus, the children designed their own ideas, although they had the opportunity
to discuss them in small groups (Figure 4(4.1,4.4)). Most of the children chose to create their
own factory, influenced by the story presented to them, by designing a heat source (‘pwTid’)
(fire or gas stove), a water (“vepd’) container (steamer or cauldron), steam (‘xtnég’), and
clouds ‘(oc0vvep’) (Figure 4(4.3)).

@ D 694'2-

oD 3

Figure 4. Individual designing and small group discussion.

Only one child drew a pot of water, the sea, and the sun as a heat source in order
to show the formation of a cloud over the sea and over a pot of water (in the upper and
right part of Figure 4(4.2)). Quite interestingly, most children verbally mentioned air in
the description of their drawing but did not capture it in their picture, while no child
mentioned water vapor or droplets. Finally, under the guidance of the researcher, the
children presented their designs to the class.

Then, the experiments were carried out. The virtual experiment (Figure 2) was imple-
mented by the children who already had a good familiarity with the Scratch 3.0 software.
The two experiments of boiling water with gas and a pot were carried out by the researcher
in front of the children (Figure 5). In both virtual and real experiments, children were
asked to make predictions and confirm or modify them based on the final results of the
experiments. First, they tried to predict what would happen in the virtual experiment, in
the case of boiling water in the kitchen and then in the case of the sea. Most of the children
could not express previous experiences from their daily lives but were able to predict that
steam would come out from a pot full of boiling water placed on a stove.
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Figure 5. The experiments (5.1, 5.2: The virtual experiment, 5.3. The experiment of bowling water).

In addition, some children correctly predicted that a kind of cloud will be formed as

soon as cold air blows over a pot with boiling water or the sea. The same happened in
the case of the sea. These data highlighted considerations that fit into a precursor model
for condensation.

Researcher: We put a pot of water in the stove. .. and. ..
516: It’s boiling.

Researcher: And what does it come out?

S11: Bubbles.

S18. Steam. . .

Researcher: Suddenly Paul noticed something in the cupboards of the kitchen
and on the glass.

Researcher: From where?

516. From the water

Researcher: Suddenly Paul opens the window. What could happen?
516: The wind is blowing.

S14. Cloud

Researcher: What about the sea?

516: Steam is coming out.

Researcher: How did drops came out from the sea?
S14: With the sun

Researcher: And then?

S16: It became a cloud

Researcher: How?

S18: The wind blew. .. cold wind. ..

Finally, all children were able to analyze the virtual experiment and describe it in

detail, even with reference to drops and water vapor, after the first implementation of
the experiment.
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In the case of the experiments with water boiling in a small pot next to the classroom
window or under a transparent bowl (Figure 4(4.3)), few children were able to predict
what would happen to the glass while none of them were able to predict what would
happen to the transparent bowl. After the experiment was implemented, each child was
able to describe the experiment while the majority of them identified the droplets and
water vapor that came from the steam. In addition, some children managed to connect the
two experiments as ‘the glass becomes blurred like the bowl” (513).

Researcher: How about we boil some water?
S14: We’ll make a cloud.
S3: And we will open the window. ..

During the experiment with the bowl and the pot, initially, the water was made to boil
in order to create steam.

Researcher: Can you see the steam?
S8: Yes

S3. Because it is white

Researcher: Can you see the droplets?
S18. No

Researcher: What do you see?

S18. Steam

Later, the bowl was placed in the steam path so that the steam becomes liquid and
drops appear on the surface of the bowl.

What happened?

S11: Blurred, as our breath is like air

S18. Small droplets

S14: Sir, shall we all blow it together? (to make a cloud)

Quite interestingly, some children wanted to "touch’ the steam and noticed that as soon
as they placed their palms in the steam before it reached the bowl, their hands became wet.
At this point, the researcher introduced the terminology ‘condensation” and “precipitation’
to describe the experiments. However, none of the children chose to use these terms.

In addition, at this stage, the connection between the gaseous form of water as steam
and its liquid form of water vapor within a cloud was made through a music-motor game
(Figure 6). In this game, the children took the form of steam with their bodies in the
beginning, before later taking on the form of a cloud. The children were able to move freely
in the classroom as steam/gas, and had to approach each other and move as a cloud/group
as soon as ‘cold air” was blowing.

Figure 6. Music-motor game Steam-Cloud.
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4.2.4. Fourth Stage: Conclusion and Presentation

In the fourth and final stage, the children were asked to present their findings and
conclusions to another class of the school as well as their parents. After a plenary discussion,
they chose to make a group poster since they had more experience with this approach. The
children freely created their poster and chose to represent the clouds that are created over a
factory due to the steam and cold air blowing, as well as the clouds that are created over
a lake or the sea. In the posters, important details were emphasized, showing the water
vapor, the clouds, and the air. Furthermore, having created the poster, the children divided
themselves into the roles of presenter and cameraman in order to film their presentations
(Figure 7).

Figure 7. Conclusions and Presentation through a Poster.

In this stage, children were capable of justifying how and when clouds are formed and
giving a reasonable explanation of why this happens. The analysis of the recordings showed
that the children described and presented the poster in a way that was obviously influenced
by their experiences from the previous activities, mentioning detailed information. In
particular, children identified that initially ‘the sun warms the sea’ (52) and the fire heats
the water in the pot, then ‘steam comes out with droplets” (S7), and finally, ‘the wind blows
and clouds are made. .. since the droplets all gather together’ (518). Quite interestingly,
one toddler was able to fully describe the process by using the phrase ‘steam comes out of
the chimney and condenses’ (514) with the sudden cold air.

5. Discussion and Conclusions

In the research presented here, the possibility of transforming mental representations
and constructing a precursor model in the thinking of children aged about 5 years for the
condensation and precipitation of water vapor was studied. The design of this qualitative
research included a pre- and post-test for the recording of mental representations, as well as
a structured teaching process consisting of four stages of activities during which multiple
forms of pedagogical action were used, completely adapted to the cognitive needs of the
children and the organization of the school class.

The first research question was addressed through tasks 1 and 2 in the pre- and post-
test. In particular, in the first task, where children were asked to identify the clouds, almost
4/10 of them responded in a correct manner in the pre-test. This percentage was doubled
during the post-test. In task 2, where children were asked to describe the conditions for
cloud creation, only 3/19 of them gave responses compatible with school knowledge
in the pre-test. On the contrary, after the teaching process, 13/19 children were able to
satisfactorily describe the creation of clouds in terms of the condensation of water vapor,
while frequent references were made to the precipitation of clouds in the form of rain.
An important qualitative element of children’s thinking here is their constant reference to
‘drops’, which seems to play a key role in their mental thinking. Indeed, the concept of
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drops acts as the connecting element of the repeatable continuous cycle of water—clouds-
rain, since all these three entities in children’s thinking are made up of water drops. This
finding is a strong element of a precursor model as drops are an element of children’s
thinking that allows descriptions while being compatible with school knowledge. These
findings are in line with those of other relevant studies [33,36,37].

The second research question was addressed through task 3, where an attempt was
made for open discussions about condensation and precipitation. Quite interestingly, in
the pre-test, there were no children who were able to propose schemes for describing
the phenomena in a way that was compatible with school knowledge. On the contrary,
a significant change was recorded in the post-test, as approximately 7/10 children gave
answers in which they satisfactorily described the two physical processes and, in some
cases, were able to name these processes with terms used in school knowledge. This change
is remarkable, not only because it shows that the overall teaching process was well-adapted
to the cognitive needs of children, but also because it emerged that the children showed a
readiness to reorganize their experiences. These data clearly reinforce the establishment of
a precursor model.

The third research question was addressed through tasks 4, 5, and 6, where children’s
mental representations of condensation in everyday phenomena were explored. In all three
tasks, the discussions with children led to the condensation or precipitation of water vapor.
In the fourth and sixth tasks, while 3/10 and 4/10 children, respectively, gave responses
compatible with school knowledge in the pre-test, this percentage was increased to 8/10
and 9/10 children, respectively, in the post-test. In the fifth task, children were asked what
would happen if cold air met water vapor. Here, while no children gave a scientifically
accepted response in the pre-test, almost 84% in the post-test were able to describe the
precipitation of water vapor in a systematic way.

From the overall research data, it seems that it is possible to some extent to transform
young children’s initial mental representations into representations compatible with school
knowledge. Indeed, it appears that a teaching intervention based on the four levels
of the Engineering Design Process, which combines a narrative with the simultaneous
performance of critical design experiments, creates a favorable teaching environment
for achieving cognitive transformations in young children’s thinking. The successful
combination of a storytelling approach with the simultaneous organization of simple
experiments has been shown to create an effective learning and teaching perspective in
thermal phenomena [49,50]. Perhaps, in the context of the Engineering Design Process, it
acquires new dynamics which, however, should be substantiated with empirical data for
other concepts and phenomena.

The data retrieved from the post-test of the current study highlight that children’s
mental representations are consistent with school knowledge across all tasks. Indeed,
more than half of the children (10/19) gave satisfactory predictions and descriptions in
all tasks. The stability of these findings gives a strong indication that children are able to
conceptualize entities in their minds that have the characteristics of a precursor model at
this age.

However, the study is characterized by specific limitations such as a limited number of
participants and an exclusively qualitative nature. Further efforts along the same direction
with a larger number of participants and quantitative analyses could shed light on other
aspects of the research question. It would also be interesting to address children’s mental
representations of clouds, condensation, and precipitation of water vapor with participants
from different cultural backgrounds to highlight possible differences in the perception of
these phenomena.
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Abstract: This study aims to describe the implementation of a teaching sequence where preschool-age
children participate in activities related with woodlice. Although there is extensive literature on
inquiry-based activities, most studies have been conducted in higher educational stages. Data were
collected though audio and video recordings of the sessions, which have then been transcribed. The
children participated in research activities in which they had no difficulty in posing hypotheses and
making predictions. In relation to the experimental design, we observed difficulties in understanding
the purpose of the experiment and how to reach conclusions from the experimental results. From the
results of this study, we can conclude that children from an early age can engage in inquiry activities
where they are given opportunities to make predictions, formulate hypotheses, and, with the help of
the teacher, plan simple experiments to test their ideas.

Keywords: preschool-age children; case study; inquiry-based approach; scientific practices; living
being woodlice

1. Introduction

There is growing recognition that science can be a particularly important domain
in early childhood, building a foundation for future scientific understanding, as well as
developing critical skills and positive attitudes towards learning [1].

It has been noted that children have an innate curiosity about things related to science,
and well-designed science activities provide them with a structured way to explore the
world to satisfy their curiosity [2]. Moreover, there are various studies that show the impor-
tance of carrying out science activities from an early age to promote scientific practices [3].
Well-designed science activities can stimulate thinking, reasoning ability, and contribute
to children’s cognitive development [4,5]. Likewise, early exposure to scientific content
and practices can promote favorable attitudes toward science and contribute to children’s
cognitive development by giving them the opportunity to plan, predict, make inferences,
and confront cognitive conflicts [1].

Some teachers and researchers believe science activities for children should focus
more on developing creativity or fostering skills, such as learning to ask questions or
make observations, since scientific concepts are considered too advanced for children to
comprehend. This perspective leads us to think that for children to participate in inquiry
activities, the teacher must create spaces where children can carry out explorations with
little intervention from the teacher. However, while it makes sense that a goal of teaching
science at an early age is not the acquisition of sophisticated scientific concepts, we do
believe that science activities should promote the construction of precursor models of
scientific concepts. When we talk about precursor models, we refer to the idea of the mental
model. We currently know that from an early age, children build their own mental models
about the world around them and revise these models as they access new information [6].
The construct of the mental model refers to a mental representation created by subjects
based on their innate predispositions and their previous experiences in order to predict,
describe, or explain facts or phenomena [7]. The idea of a precursor model is a fruitful
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approach to observing children’s cognitive progress. Precursor models are generated in
the educational context and can be built under certain teaching conditions from an early
age; they are the first step in the construction of more sophisticated models [8]. They are
models compatible with scientific knowledge, since they are built based on certain elements
included in the scientific model, but they have a limited range of applications [9,10]. These
are models that constitute the basis for subsequent constructions [11]. We can imagine that
a precursor model constitutes a kind of “conceptual tricycle” that children can handle to
think and generate new knowledge, compared to adult models, characterized by being
more complex and difficult to execute and, to continue with the metaphor, they could
be associated with “conceptual trucks”. The design of well-planned interventions, in
which adequate empirical data are provided, is crucial so that precursor models can be
developed [10].

Eshach and Fried [2] refer to the importance of carrying out science activities at an early
age that give children the opportunity to build references for scientific concepts by making
observations, predictions, making inferences, and being able to discuss and try to explain
and interpret what happens. The term “inquiry-based activities” is used to refer to science
activities where children are given the opportunity to make observations and predictions.
Thus, “inquiry learning” refers to educational activities in which, either individually or in
groups, students investigate a phenomenon. Inquiry activities typically follow a series of
steps: the formulation of a question or problem, the development of hypotheses, the design
and conduct of experiments or investigations, the collection and analysis of data, and the
formulation of conclusions based on the evidence obtained. Inquiry-based activities can
vary in their degree of openness, depending on who poses the question to be investigated,
whether the teacher or the students, who formulated the hypotheses, who planned the
experimental design, and so on.

In this work, we wanted to differentiate inquiry-based activities, where the teacher’s
role would facilitate meaningful discussions to advance knowledge in an experimental
environment from exploratory activities, where the teacher’s role would only be to generate
spaces with materials where children can explore and experiment on their own [12]. The
inquiry-based activities are more structured activities with greater teacher involvement.
Through inquiry-based activities, students formulate questions, interpret data, and coordi-
nate evidence with theories, thus developing intellectual skills that enable them to construct
new knowledge [13]. Studies from cognitive psychology have shown that inquiry-based
activities stimulate brain development [14]. In addition, inquiry-based activities contribute
to the development of scientific reasoning by providing opportunities to ask questions,
make predictions, carry out inquiries, and begin to interpret data and coordinate evidence
with theories [13].

However, we must consider the extent to which inquiry-based activities are suitable
for early childhood education and whether or not the cognitive demand of these activities is
too high [3]. Although there is much research available to support inquiry-based activities,
there has been some doubts about how to fit them with children aged three to five. There is
no agreement on which activities would be most appropriate for early childhood education.
Although studies have been carried out to characterize the demand for science activities in
relation to the cognitive abilities of the students [15], there are no studies that allow us to
clearly say what preschool-age children are capable of doing when they engage in inquiry
activities or what they are capable of doing with the support that the teacher can provide.
In fact, by analyzing the literature, we can think that age limits what children can do and
learn in science activities, and we can reach the conclusion that science activities for early
childhood education should be limited to developing skills with less cognitive demand
such as learning to observe, compare, or find similarities and differences. However, there
is evidence that children can carry out inquiry-based activities that involve carrying out
investigations or experimentation to test ideas despite the greater cognitive demand, and it
seems that children are able to use empirical evidence to formulate explanations. One of
the skills that children must manage is causal reasoning. Some authors consider that such
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reasoning is underestimated due to its dependence on domain-specific prior beliefs, thus
masking children’s reasoning ability [16].

Some of the evidence that has been obtained in other studies [17] contrasts with the
finding that many primary school children are not very skilled in designing experiments [18,19].
As Hsin et al. observe, science learning involves a variety of scientific practices, and
some may be more challenging for young children [20]. For example, planning research
seems to require greater cognitive demand than other scientific practices such as conducting
systematic observations (see, e.g., [21,22]). However, there is little research that has explored
what instructional strategies teachers use to support children (3-5 years old) in inquiry-
based activities [20].

It is crucial to know more about children’s abilities regarding questioning, planning
and designing experiments, identifying relevant evidence, making hypotheses and predic-
tions, and identifying variables. Despite its importance, empirical studies on the outcomes
of scientific learning in preschool age are rare [23,24]. Above all, we must know more about
the achievements of children when implementing inquiry-based activities in collaboration
with an adult and in collaboration with their peers. There are many ways to try to build
knowledge on this topic. One possible way is to describe and analyze what happens in
a classroom when implementing inquiry activities with younger children. Introducing
science in early childhood education is an extremely delicate task and requires exploring
and understanding children’s perceptions, knowing the key aspects of the scientific content,
and being able to design appropriate interventions and learning environments [25].

In this study, activities on isopods were implemented. Specifically, the teaching
sequence dealt with a terrestrial crustacean commonly known as a woodlouse or pill bug.
Carrying out activities with living beings in early childhood education can be beneficial as
long as it is carried out ethically, with care towards the animals and environment. Activities
with living things provide children with experiences that help them better understand the
natural world. Interacting with live animals stimulates their curiosity and connection with
nature and fosters respect and empathy towards other living beings, contributing to the
development of ethical values and care for the environment. Observing, caring for, and
feeding small animals helps children develop responsibility and cooperation. Additionally,
working with living things can be easily integrated into interdisciplinary activities that
span areas such as science, mathematics, language, and the arts. Given the alarming loss
of biodiversity, it is essential to educate about the value of the diversity of organisms and
learn to value and know local organisms [26]. Young children are especially interested in
living organisms. Woodlice or pill bugs are attractive and interesting, they are harmless
and easy to collect, and they provide an excellent opportunity for children to learn about
invertebrates [27-29].

The interest of this work lies in the fact that it shows how children in early childhood
education develop inquiry activities in a classroom context with the help of the teacher.

Research Questions

This work presents a case study that aimed to describe the implementation of a pro-
posal where preschool children make observations and design experiments. The activities
in which the children participated involved a terrestrial isopod crustacean belonging to
the Armadillidiidae family. This kind of crustacean is known in colloquial language as
a woodlouse or pill bug. Children investigated aspects related to the morphology and
behavior of woodlice by taking data, making drawings, completing diagrams, or designing
objects. During the activities, the teacher helped them detail the observations with some
questions such as: Do woodlice have eyes? How many legs do they have? How would we
know if woodlice prefer dry or humid places? The aim of this study is to know to what
extent preschool children can engage in inquiry-based activities. Specifically, the main
research questions that this study aims to answer are the following: What are children’s
ideas about woodlice? To what extent do children participate in the inquiry activities
about woodlice? To what extent are they involved in the activities where they have to
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make predictions about the behavior of woodlice? To what extent are they involved in the
activities where they have to plan and design an experiment? To what extent are they able
to draw conclusions from the experience?

2. Materials and Methods

This study involved a qualitative methodological approach and, in particular, con-
stitutes a case study. This approach is characterized by being descriptive and qualitative
in nature and is recommended when little is known about the phenomenon to be ana-
lyzed [30]. Case studies can intensively address a unit of analysis that may consist of a
single student, a teacher, or a class [31]. Thus, a case study aims to describe, know, and
understand a phenomenon of interest within its own context [32] and allows the explor-
ing of individual experiences, providing a deeper understanding of social interactions
and offering detailed information about particular cases [33]. In this work, participant
observation was chosen, given the level of involvement of the person collecting the data.

2.1. Context and Participants

This research was developed in a rural school where the second cycle of early child-
hood education (36 years) is taught. The school belongs to a public grouped rural school.
It is an organization model that is implemented in rural areas where the student population
is small and dispersed. This model allows resources to be optimized and offers advantages
in terms of socialization since students of different ages share resources and learning experi-
ences. In the school where this study was carried out, there is a pedagogical approach that
adapts to the particular needs of the community and activities are developed that promote
the knowledge and appreciation of the natural environment and local culture. Since there
are few students, personalized attention is favored. In this school, it is common to work on
projects and coordinate work between different schools.

In the classroom where the study was carried out, the teacher started from the interests
of the students and the characteristics of the environment to achieve greater motivation
among the students. The person who taught the class is a trainee teacher who is studying a
professional Master’s degree. At the time that the teaching sequence was implemented, a
total of ten preschool-age children, five girls and five boys, attended this school. As shown
in Table 1, the participants’ ages ranged between three and five years old. To ensure the
anonymity of the children, their real names were replaced by pseudonyms. The three-year-
old participants were children who responded very well to the activities proposed by the
teacher. In terms of the ethical considerations, it is important to mention that we requested
the informed consent of the parents for the participation of each child.

Table 1. Participants sorted by age.

Participants Age
Carmen, Casto, Carlos 5 years old
Bea, Brais, Breogan 4 years old
Ana, Ara, Anton, Alex 3 years old

2.2. Description of the Teaching Sequence

The teaching sequence took place in a dialogic context where the teacher and the
children spoke, acted, and thought about the phenomena, and where social interaction was
one of the main factors in the construction of knowledge, framed in a socio-constructivist
perspective [34]. It was implemented with a total of seven 50 min sessions.

We selected woodlice because they are unique, abundant, and harmless animals that
children can handle. Woodlice are terrestrial crustaceans belonging to the order of isopods.
The body is divided into the head, thorax (pereion), and abdomen (pleon). On the head,
you can see the antennae, maxillipeds, and eyes. The thorax has seven segments. They
have seven pairs of legs (isopods) and two uropods in the last segment of the abdomen.
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These animals have gill or pseudogill respiration, depending largely on water, which is
why they always live in shady and humid places such as under stones, logs, etc. Regarding
their diet, they are detritivorous animals. They feed on the remains of living beings, mainly
plants, and are important in the recycling of materials in the soil [35].

The teaching sequence is described in more detail in Table 2. In the first activity,
children had to find cards in the classroom. The cards had a photograph of a woodlouse.
The teacher asked the children questions about woodlice. Then, the children went out to
the yard in search of woodlice. In the second session, the teacher asked questions about the
morphology of woodlice and introduced new terms. “What parts does the woodlouse’s
body have?” “How many legs does it have?” “Will it have eyes?” Subsequently, the children
worked in small groups using magnifying glasses, making more systematic observations
and recording them. In the third session, the preschoolers completed drawings of pill bugs
to work on symmetry. In the fourth session, the children had to design and carry out an
experiment to study the behavior of woodlice in front of light. In the fifth session, the
preschoolers had to design and carry out an experiment to study the behavior of woodlice
in humidity. The sixth activity was about applying ideas about the parts of the woodlouse
and, at the same time, working on fine motor skills when building a cardboard woodlouse.
In the seventh activity, the children were given the opportunity to apply the ideas built

through experimentation when designing a habitat for woodlice.

Table 2. An overview of the activities of teaching intervention.

Session Learning Objectives and Overview
This activity is aimed at the children’s knowledge. First, a series of cards with photos of woodlice are hidden in the
classroom and the children must find them. The teacher with the children asks the children questions about the
No. 1 woodlice that appear on the cards. “What appears in the photo?” “Have you ever seen it?” “Where do you think they
What do we know about live?” “How many legs do they have?” “What do they eat?” “Do they have eyes?” Later, the children go out to the
woodlice? yard in search of woodlice. When they return to the classroom they discover a box with woodlice. The woodlice
obtained in the yard are introduced. Children handle them freely and observe them. After interacting with the pill
bugs, they leave them in the box and make a drawing. Materials: Cards with photographs of woodlice and a box.
This activity aims for children to make systematic observations and identify the head, eyes, antennae, thorax,
abdomen, legs, and uropods of woodlice. The teacher asks questions such as: What are woodlice like? What parts
No. 2 does the body have? How many legs do they have? Can you see their eyes? In small groups, the children make

What are woodlice like?

No. 3
Symmetry of woodlice

observations with the magnifying glass. The teacher introduces new terms and the children, with the help of the
teacher, place the labels with the names in the corresponding places on a drawing of a woodlouse. In addition, they
make drawings of the woodlice. Materials: Woodlice, magnifying glasses, drawings, and labels.

This activity is intended for children to apply terms introduced in the previous session. In this activity, they work
individually, completing a sheet where a drawing of half of a woodlouse appears, having to complete the symmetrical
half using a mirror. Materials: Sheet and mirrors.

This activity is intended for students to design an experiment, formulate predictions, make observations, and draw

No. 4 conclusions. It is about learning the behavior of woodlice in front of light. The teacher asks questions such as: “Do
Behavior of woodlicein  they prefer bright or dark places?” “How can we know?” First, they design the experience, recording the predictions
front of light in tables. Afterwards, they place the woodlice in places with different light conditions and wait a few minutes. Then
the children write down the observations and draw their own conclusions. Materials: Shoe boxes and cartons.
This activity is intended for children to design an experiment, formulate predictions, make observations, and draw
N conclusions. It is about learning the behavior of woodlice in humidity. The teacher asks questions such as: “Do they
0.5 . o ) e X . X L. .
Behavior of woodlice in prefer dry or humid places? HOW can we know? F'1rst, they des.lg.n the experience, reco'rdmg precfhctlons in tables.
front of humidity Aft}erwards,fhey place the woodh.ce in places with c.hfferent hurmd}ty condltlgns and wait a few minutes. Then the
children write down the observations and draw their own conclusions. Materials: Cardboard boxes, kitchen paper,
and a spray bottle with water.
No. 6 This activity is intended for students to apply ideas about the parts of a woodlouse. In a group, they build a cardboard
Mock-up woodlouse. Materials: Cardboard and pencils.
No. 7 This activity is intended for students to apply ideas about the behavior of woodlice in certain environmental factors.
Building a terrarium for The teacher asks questions to check what the children learned during the teaching intervention and gives them the
pill bugs opportunity to apply these ideas to design a habitat for the woodlice.

2.3. Data Collection and Data Analysis

In this paper, information was collected, in the form of a classroom diary, from the

observations of each session, and the most significant contributions of the participants
were written down. In addition, two sessions (session 1 and session 5) were audio and
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video recorded, and later transcribed. Only sessions for which we had informed consent to
capture audio and video were recorded. We have selected the sessions that could provide us
with the most valuable information to answer the research questions. The transcriptions
were written verbatim to preserve the essence of the speech. The excerpts that are included
in the Results and Discussion section have been translated from Spanish and Galician. The
students speak both languages fluently. To analyze the discourse, conventional turns were
taken as a unit of analysis. A turn began when a person took the floor in a conversation
and ended when another person took the floor.

In order to ensure the reliability and validity of this interpretive study, the triangulation
of both data and researchers was used [36,37]. Data triangulation refers to the confrontation
of different sources of data from the study. In this case, the information collected was a
classroom diary and the transcriptions of the audio and video recordings. In relation to
the triangulation of research, the transcripts were analyzed individually by the authors
and, subsequently, a common reflective analysis of the analysis of all these records was
carried out.

3. Results and Discussion

In the following lines, significant events of the discursive interactions between the
teacher and the children are presented. Similar to other works [38,39], the communicative
interactions are presented in three columns, which refer to the speaking turns, the tran-
scribed dialogue, and the analysis of the interventions in order to describe the intentionality
or meaning of each intervention.

3.1. Session 1

In Session 1, the teacher divided the participants into two groups. Group 1 was made
up of Casto (5 years old), Bea (4 years old), Brais (4 years old), Alex (3 years old), and Ana
(3 years old). Group 2 was made up of Carmen (5 years old), Carlos (5 years old), Breogan
(4 years old), Ara (3 years old), and Anton (3 years old).

As shown in Table 2, during this session, the teacher asked questions to find out the
children’s ideas about woodlice. Since woodlice are familiar creatures for some children,
some children were already able to express their ideas and comment on experiences.

3.1.1. Discourse Analysis in Group 1

In Group 1, a total of 128 contributions were made during Session 1 and 61 contribu-
tions were made by the teacher. Casto (5 years old) made 24 contributions. Bea (4 years old)
made 13 contributions, Brais (4 years old) intervened 10 times, Alex (3 years old) intervened
18 times, and Ana (3 years old) barely participated; she only spoke on two occasions.

When the teacher asked the children what they thought the living beings that appear
in the photo were, Casto (5 years old) said that they were larvae, that they live in oak trees
and in holes, and that they eat leaves and soil.

Turn Speaker Statement Analysis of Interaction
The teacher tries to encourage the children to

i ?
1 Teacher What do you think they are? make their ideas explicit.
2 Casto Bugs. Casto identifies woodlice with insects.
Ah! And do they have The teacher tries to encourage the children to
3 Teacher . .
another name? make their ideas explicit.
4 Casto () Larvae. Casto relates the activity to one they previously

completed with the ants.

Bea (4 years old) stated she does not like woodlice. At another point, she said that
woodlice eat logs. She believed that they live in logs and that at night, they run away and
curl up in a ball. In another comment, she said: “They walk and then they turn into little
balls and we think it’s a ball to hit (. ..) And then we catch them, we throw them and that
hurts them, and they get hurt and we have to take them to their mummy bug”.

Brais (4 years old) said that woodlice live in a small house that is not colored. Later,
he said: “They are strong (. ..) because they eat a lot of food”.
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Alex (3 years old) commented that he saw the bugs in the cinema, because they were
on the screen, and pointed out that the bugs are first big, and then small, and then a ball.
Ana (3 years old) barely participated. She spoke twice, although the teacher tried
to encourage all the children to engage in the conversation. At the end of the session,
the teacher insisted that Ana participate. Casto intervened to explain the intention of the
questions to Ana.
Turn Speaker Statement Analysis of Interaction
Only you remain. Tell me something

110 Teacher Ana. What do you think they are?
What do you think they eat?

The teacher tries to encourage Ana
to participate.

111 Casto What do you think. It's not what it is. Casto realizes the importance Of ho‘.N questions

are phrased to encourage participation.
(...) Aren’t you telling me anything,
13 Teacher sweetheart? You tell me later.

114 Ana She nods.

The teacher tries to encourage Ana to participate.

3.1.2. Discourse Analysis in Group 2

In Group 2, a total of 82 contributions were made during Session 1 and 38 were made
by the teacher. Carmen (5 years old) made 20 contributions, Carlos (5 years old) did not
speak, Breogan (4 years old) intervened 7 times, Ara (3 years old) intervened 8 times, and
Antoén (3 years old) intervened 9 times.

When the teacher asked the children what they thought the living beings that appear
in the photo were, Carmen (5 years old) mentioned that she did not know what woodlice
are. She said she had never seen them. She believed they live in a hole or a cave. She
thought they can eat dirt and water. She stated she did not know anything about woodlice.

Turn Speaker Statement Analysis of Interaction
1 Teacher Let’s talk a little about these bugs. The teacher tries to encourage the
Do you know what they are? children to make their ideas explicit.
2 Carmen I don’t know. She claims not to recognize woodlice.
3 Ara I do. She claims to recognize woodlice.
4 Carmen Worms? She identifies woodlice with worms.
5 Ara They are bugs. She identifies woodlice with insects.

Breogan (4 years old) pointed out that he did see woodlice on the road and that they
are great. He does not believe they eat dirt, but they do eat stones. He said they are small,
and he likes them. Ara (3 years old) thought woodlice are bugs. She believed they eat dirt,
but not stones. Anton (3 years old) said that pill bugs are called snails and that they are
bugs. According to him, woodlice live on the soil, they are called snails, they eat stones,
sand, and dirt, and also toys and mats, and they are small.

Turn Speaker Statement Analysis of Interaction
(...) Where do you think they live? Have  The teacher tries to encourage the
68 Teacher Y y &
you ever see them? children to make their ideas explicit.

(...) I think they eat stone and sand and

. He li hat he think li .
dirt, and also toys, and also mats. e lists what he thinks woodlice eat

71 Anton

3.1.3. Discussion

In the first session of the teaching sequence, the children showed great enthusiasm for
working with living beings in the classroom. To obtain an idea of the participation of the
children and the teacher, we counted all the contributions that took place. In Table 3 we can
see the number of contributions by each participant in each session. As shown in Table 3,
the number of children’s contributions was more than 50% of the total interventions in each
session, although not all participated equally. In Group 1, a total of 128 contributions were
made during Session 1 and 61 contributions were made by the teacher. In Group 2, a total
of 82 contributions were made during Session 2, 38 of which were made by the teacher.
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Table 3. Participant contributions in each working group during the development of Session 1 and
Session 5. Ngx = Total number of contributions in group X.

Participants Session No. 1 % Session No. 5 %
Ng1 =128 Ngp =82 Ng1 =111 Ngp =199 Ng3 = 187

Teacher G1 61 (128) 47.60 54 (111) 48.64
Teacher G2 38 (82) 46.34 95 (199) 47.73
Teacher G3 83 (187) 44.38
Casto (5 years old) 24 (128) 18.75 20 (111) 18.01
Carmen (5 years old) 20 (82) 24.30 61 (187) 32.62
Carlos (5 years old) 0 (82) 0 9 (199) 4.52
Bea (4 years old) 13 (128) 10.15 21 (187) 11.22
Brais (4 years old) 10 (128) 7.81 15 (111) 13.51
Breogan (4 years old) 7 (82) 8.53 51 (199) 25.63
Alex (3 years old) 18 (128) 14.06 40 (199) 20.10
Ana (3 years old) 2 (128) 1.56 22 (187) 11.76
Ara (3 years old) 8 (82) 9.75 10 (111) 9.00
Antoén (3 years old) 9 (82) 10.97 12 (111) 10.81

The teacher’s spoken interactions were primarily in the form of questions and, in some
cases, to correct the behavior of a child or to encourage them to participate. The questions
fulfilled different functions, such as starting the conversation: “What do you think these
little bugs are?” They were also used to encourage the children to pay attention to the
characteristics of woodlice: “Are they all the same?” On other occasions the questions were
intended to connect with their experiences: “Have you ever see them?” They also tried to
connect with the preschoolers” emotions: “Do you like them?” The questions also fulfilled
the function of activating the children’s knowledge: “Do you know where they live?” “And
what will they eat?” Also, so that they could express themselves more effectively: “And do
they have another name?”

As shown in Table 3, the children who participated the most were the five-year-old
children, Casto, from Group 1, and Carmen, from Group 2. Furthermore, in relation to
the children’s contributions, we can say that they differ quite a bit in their commentary.
The children were not very clear about what woodlice were called, and used terms such
as bugs (the older ones), snails, and worms (the smaller ones) to refer to woodlice. When
asked where woodlice live, the children responded that they think they live in oak trees,
on logs, in the grass, in the dirt, and in holes. We could consider these statements to be
synthetic or naturalistic explanations [40]. As for food, they believed that they can eat dirt,
logs, and grass.

Some of the 4-year-old children used anthropomorphic expressions. For example, Bea
said: “And then we catch them, we throw them and that hurts them, and they get hurt and
we have to take them to their mummy bug”. Another 4-year-old child, Brais, mentioned:
“They live in a little red house.” These anthropomorphic expressions are characteristics
of the preoperational stage according to Piaget [41]. When a young child is said to have
anthropomorphic reasoning, it means that he or she tends to attribute human characteristics
to objects, animals, or phenomena that do not possess them.

The three-year-old children tended to establish syncretic explanations, also charac-
teristic of the preoperational stage. For example, Alex said the following about woodlice:
“First it’s big, then it’s small, and then it’s a ball”. Syncretism is closely related to the way in
which children relate events and objects in their environment, tending to group objects or
events based on superficial characteristics or emotional associations rather than on logical
or rational criteria. This means that they can make connections between events that have
no real logical connection [41].

3.2. Sessions 2—4

In Session 2, the children were highly involved in observation activities. The only
difficulty regarding terminology was the term uropods, although some children learned
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it right away. The older children had no difficulty writing the names of the parts of the
woodlouse. The little ones needed the help of the older ones.

In Session 3, symmetry was worked on, as had occurred in previous proposals about
ants and ladybugs. This activity gave the children the opportunity to apply the terminology
that had been introduced in the previous session. Three-year-old pupils needed more help
than older students.

In Session 4, a large group activity was carried out where they had to design an
experiment to find out if pill bugs prefer light or darkness. In this activity everyone was
very excited to do an experiment. This activity was led by the older children who proposed
the experimental design. Although the planning was led by the five-year-old children, the
teacher considered that the three- and four-year-old children understood the purpose of
the research. There are doubts as to whether the little ones understood the result of the
experiment. One girl did not understand that woodlice like the dark better since there were
two in the light and eight in the dark. She said: “Eight like the light better, but two like the
dark better”. She understood the results as concrete and literal data and this may be due to
a lack of probabilistic thinking [15]. These aspects will be discussed in greater depth later.

3.3. Session 5

In the fifth session, an activity was implemented where children had to design an
experiment to find out the behavior of woodlice in humidity.

In this session the teacher divided the participants into three groups. Group 1 was
made up of Casto (5 years old), Brais (4 years old), Ara (3 years old), and Anton (3 years old).
Group 2 was made up of Carlos (5 years old), Breogan (4 years old), and Alex (3 years old).
Group 3 was made up of Carmen (5 years old), Bea (4 years old), and Ana (3 years old).

3.3.1. Discourse Analysis in Group 1

In Group 1, a total of 111 contributions were made during Session 5 and 54 were
made by the teacher. Casto (5 years old) made 20 contributions, Brais (4 years old) made
15 contributions, Ara (3 years old) made 10 interventions, and Antén (3 years old) com-
mented 12 times.

First, they completed a recapitulation of the experiment they had carried out as a
whole class about the behavior of woodlice in front of light.

Turn Speaker Statement Analysis of Interaction
What experiments did we ~ The teacher asks the children about what
1 Teacher S . .
do yesterday? they did in the previous experiment.
Whether or not they like Casto remembers the purpose of
2 Casto .
the darkness. the experiment.
Do they like light or The tea(?her asks the Chll'dren about the
6 Teacher conclusions of the experiment they
darkness? . . .
completed in the previous session.
8 Antén The light. He m?ntlons, asa concl.us1on of th.e
experiment, that woodlice prefer light.
9 Casto The darkness. He mfanhons, asa concl.us1on of the
experiment, that woodlice prefer darkness.
But what happened The teacher asks the children about the
10 Teacher yesterday in the result of the experiment they completed in
experiment? the previous session.
. Many in the dark partand ~ Antén remembers the result, but is not
11 Anton ; . .
two in the light part. able to reach a conclusion.

Subsequently, the teacher suggests doing research to find out if woodlice prefer humid
or dry environments.
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Turn Speaker
29 Teacher
30 Anton
34 Ara
35 Teacher
38 Teacher

Statement
What will they like more, being
in a dry or humid area?
Be wet.
Entourages.
(...) We have to mark what we
think they will like on the chart.
Casto, that’s to cover later when
we do the experiment. Now, we
may think one thing, but another
may happen. We have to check if
the predictions come true.

Analysis of Interaction
The teacher asks the children to
express their ideas.
He makes a prediction.
She makes a prediction.
The teacher instructs each child to
cover the prediction on the sheet.
The teacher focuses attention on the
task they have to perform, indicating
what to cover the predictions and
explains the role of the experiment

that will allow the ideas to be tested.

Then, the teacher encouraged the children to think about how to design the experiment.

Turn Speaker
56 Teacher
57 Anton
58 Teacher
59 Brais
60 Casto
61 Ara
62 Maestra
63 Ara

Statement
Anton, what idea do you have?
How can we tell if they like it
moister or dryer?
We put everything wet.
And so how do we know?
No! No!

Maybe they like it dry.

No, wet, wet.

How do we do it, Ara?

Wet and dry.

Analysis of Interaction
The teacher tries to encourage Anton
to participate in the planning of
the experiment.
He makes a proposal.
The teacher questions Antén’s idea.
He disagrees with Antén’s idea.
Casto intervenes to question
Anton’s idea.
Ara intervenes to question Casto’s idea.
The teacher tries to encourage Ara to
participate in the planning of
the experiment.
Ara modifies Antén’s proposal by
pointing out the need to put both a
dry and a humid area in.

Afterwards, the children placed the woodlice in places with different humidity condi-
tions. They continued talking and after a few minutes, they returned to look at where the
woodlice were.

Turn  Speaker
86 Teacher
87 Casto

91 Teacher
92 Anton

93 Teacher
109  Teacher
110  Brais

111  Antén

Statement
Let’s see where they are placed.
Where are they?
It seems that in the wet part.
How many are there in the
wet part?
Three.
Well, we point out in the
observation chart that there are
three in the wet part. If in total
we had four and in the wet zone
there are three, how many will
there be in the dry zone?
So, what did they like more.
humid or dry?
The wet!
The wet!

Analysis of Interaction
The teacher directs the conversation so
that the children focus their attention.
Casto makes an observation.
The teacher asks Casto to give more
details about his observation.
Brais and Ara also count three woodlice.

The teacher gives instructions for
collecting observation data and
challenges the children with a
new question.

The teacher asks the children to draw
conclusions from the experiment.

He draws a conclusion from the experiment.
Anton shares Brais’ conclusion.

The following lines summarize the development of the session for this group. Casto
(5 years old) and Antén (3 years old) considered that the woodlice would like to be
in the wet area more, but there was no agreement since Ara (3 years old) and Brais (4
years old) believed that they would like to be in the dry area better. The participants
covered the prediction sheet according to their hypotheses with the teacher’s help. At this
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point we consider it relevant to clarify that in this study, when we refer to predictions,
this refers to when children make statements about what will happen when performing
the experiment. Prediction often derives from a hypothesis, from an idea to be tested,
describing an observable result that must occur if the hypothesis is correct. The teacher
showed them the material: a cardboard box, paper, and a spray bottle with water. To test
their hypotheses through experimentation, Casto (5 years old) proposed moistening the
box so that the woodlice would survive. The teacher reminded him that the purpose of the
experiment was to find out if they prefer a humid or dry environment. Casto (5 years old)
did not seem to understand the purpose of the experiment and insisted on moistening the
entire box so that the woodlice would survive. Other children, Ara and Anton, also wanted
to put all the wet paper in the box. They also did not seem to understand the purpose of
the experiment. However, when the teacher asked them again, they said that they had to
put one part wet and the other dry.

Afterwards, they discussed how many woodlice to place and decided to put four
woodlice. After waiting a few minutes, they made the observations. They counted three
pill bugs in the wet part and one in the dry part. Casto (5 years old), without the teacher’s
help, understood the result of the experiment and concluded that they prefer humidity.
Brais (4 years old) and Ara (3 years old) described the result indicating that there were
more woodlice on the wet side. Anton said there were more woodlice on the dry side.
When the teacher asked what the woodlice prefer, a humid or dry environment, Brais and
Ara answered that they like the humid area better. However, we are not sure that they
would have reached the same conclusion on their own.

3.3.2. Discourse Analysis in Group 2

In Group 2, a total of 199 contributions were made during Session 5 and 89 were made
by the teacher. Carlos (5 years old) made nine contributions, Breogan (4 years old) made
51 contributions, and Alex (3 years old) commented 40 times, but many of his contributions
were off-task. At one point in this session, Alex required the presence of another teacher
who intervened to keep Alex’s attention. There were six interventions from the other
teacher. In total, both teachers made 95 utterances.

A few moments before the activity, Breogan (4 years old) started a conversation with
the teacher while observing the woodlice. Alex and Carlos also participated.

In the following episode, Breogan (4 years old) discovered how the woodlice move and how
they form a ball. The teacher told the children how to pick up woodlice so as not to hurt them.

Turn  Speaker Statement Analysis of Interaction
. Hey! They can walk around here. He makes an observation about the
1 Breogan .
They are very fast. movement of woodlice.
2 Teacher They are very fast, yes. The teacher shares Breogan’s observation.
. Hey! This is where they are He makes an observation about the
3 Breogan : .
trying to escape! movement of woodlice.
Yes, they hke. tobe f,ree more. The teacher makes a comment about the
6 Teacher When we finish, we’ll release . .
. . behavior of the woodlice.
them in the patio.
- Breoodn (...) Hey! There’s a ball inside Breogan observes how a woodlouse
& here. Did they ball up? takes the shape of a ball.
8 Teacher They would be scared! You have = The teacher guides Breogan on how to
to handle them carefully! handle the woodlice.

Alex indicates that he is going to follow
the teacher’s instructions regarding
handling the woodlice.

Now I'm going to take

? Alex them carefully.

Then, the teacher took advantage of Breogan'’s (4 years old) contributions to make a
brief recapitulation of what the children had learned.
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Turn Speaker
11 Breogan
12 Alex

13 Teacher
14 Alex

21 Teacher
22 Breogan
23 Teacher
24 Breogan
25 Teacher
26 Breogan
28 Teacher
29 Breogan
32 Teacher
33 Breogan
35 Alex

37 Breogan

Statement
Look how big! Hey! This one
tickles me. Hey! There is a
bigger one!  hadn’t realized
there was a bigger one!

Look teacher! Look at it!

Yes. It has legs. Look how well
we can see its legs. What parts
does the woodlouse have?

Antennae!

What else do they have?
Eyes!

Okay;, the he. ..

Head!

Very good! The tho...
Thorax!

Very good! Ab...

Abdomen!

Very good! What were the names

of the peaks below them?

Uropods!

Uropods.

And they have stripes down
the back.

Analysis of Interaction

He shows amazement at the size of
the woodlice.

Alex shows amazement when he
observes the legs of the woodlice.

The teacher takes the opportunity to
review the body parts of a woodlouse.

Alex indicates a part of the body

of woodlice.

The teacher asks the children about
the body parts of a woodlouse.

He indicates a part of the body

of woodlice.

The teacher helps children remember
the parts of a woodlice.

He indicates a part of the body

of woodlice.

The teacher helps children remember
the parts of a woodlice.

He indicates a part of the body

of woodlice.

The teacher helps children remember
the parts of a woodlice.

He indicates a part of the body

of woodlice.

The teacher helps children remember
the parts of a woodlice.

He indicates a part of the body

of woodlice.

Alex indicates a part of the body

of woodlice.

He indicates a part of the body

of woodlice.

Afterwards, the teacher asked the children what they had learned from the previous
experiment they had completed regarding the behavior of woodlice in front of light.

Turn Speaker
41 Teacher
47 Alex

48 Teacher
49 Breogan
40 Teacher
51 Carlos

52 Teacher
53 Carlos

Statement
What did we learn from the
experience we did yesterday?

Some went to the light and
many remained in darkness.

What did they like most?

Darkness.

Carlos, what did the
woodlice like the most?

Mmmm. .. Eat.

Carlos, what did they like
more, darkness or light?

Darkness.
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Analysis of Interaction
The teacher asks the children what they
learned in the previous experiment.
Alex describes what he observed
regarding the behavior of woodlice in
front of light.
The teacher asks the children to remember
the conclusions of the experiment.
He draws, as a conclusion of the experiment,
that woodlice prefer darkness.
The teacher asks Carlos to remember the
conclusions of the experiment.
He gives an answer unrelated to the
conclusions of the experiment.
The teacher rephrases the question to help
Carlos draw a conclusion.
He draws, as a conclusion of the experiment,
that woodlice prefer darkness.
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The teacher continued the session by asking the children questions about the places where
the woodlice live, and whether they prefer wet or dry soil. The children presented their ideas as
hypotheses and began to cover the prediction sheet with the help of the teacher.

Turn

66

67
68
69
70
71
72

73

74

75

76

Speaker

Teacher

Breogan
Teacher
Alex
Teacher
Carlos

Breogan

Teacher

Breogan
Teacher

Alex

Statement
(...) How do you think they will like
the so0il? When it rains and is wet, or
when it doesn’t have any water?
When it doesn’t have any water.
Alex, how do you think they will
like it?
Mmmm. . .Wet.
Carlos, dry or wet? How will the
woodlice like it best?
Dry.

I'm going to mark. .. this one.

This is dry and this is wet. What do
you think?

Dry.
Well, mark here.

To me, wet.

Analysis of Interaction

The teacher asks the children to
express their ideas.

He makes a prediction.

The teacher encourages Alex to
make a prediction.

Alex makes a prediction.

The teacher encourages Carlos to
make a prediction.

He makes a prediction.

Breogan refers to what he is going
to record on the prediction sheet.
The teacher gives information to
Breogan about how to cover the
sheet and encourages him to make
a prediction.

He makes a prediction.

The teacher explains to Breogan
how to cover his prediction on
the sheet.

Alex makes a prediction.

The children believed that when they finished the prediction sheet, they finished the
activity and began to get up. The teacher asked them if they remember the experiment they
performed in the previous session. Breogan remembers that they carried out an experiment
to find out if woodlice prefer light or darkness.

Turn
81

91

92

93

94

95

96

99

100

101

102

Speaker
Teacher

Teacher

Alex

Teacher

Breogan

Teacher

Alex

Teacher
Alex

Teacher

Alex

Statement
Let’s do an experiment.
What experiment can we do to find out
if they like it wet or dry? (...) Let’s see
Alex, what experiment can we do?

Wet.

But how can we check it? We have a box,
some papers and a spray bottle with
water. Think about how we did the
experiment yesterday.

We put a bug here.

Okay, but if we put a bug here, how do
we know if it likes it more dry or humid?
What do we have to put for it to choose?

Water!

And where do we put the water?
Here, here, here.

Throughout?

Here only.
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Analysis of Interaction
The teacher presents the activity.
The teacher tries to encourage
Alex to participate in the
planning of the experiment.
Alex seems to suggest
moistening the cardboard box.

The teacher guides the design of
the experiment.

Alex suggests putting a
woodlouse in the cardboard box.

The teacher guides the design of
the experiment.

Alex suggests putting water in
the cardboard box.

The teacher encourages Alex to
make his experimental design
proposal more specific.

Alex refers to the cardboard box.
The teacher encourages Alex to
make his experimental design
proposal more specific.

Alex suggests putting water in
just one part of the box.
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Alex (3 years old) realized that in order for the woodlice to choose, he had to put water
on only one side. Later, the children discussed how to place the paper, how to moisten
it, and how many woodlice they were going to use. Alex (3 years old) placed the filter
paper at the bottom of the cardboard box, moistened half of it with water and placed the
woodlice inside. They took a break and returned to observe the results of the experiment.

Turn Speaker Statement Analysis of Interaction
Let’s count how' many there The teacher directs the conversation so
167 Teacher are on the wet side and on the . . .
. that the children focus their attention.
dry side.
168 Carlos Yeah! He shows a good attitude towards
the task.
169 Teacher How many are on the wet side? The teacher asl.<s the children to
make observations.
170 Breogan Two. Breogan makes an observation.
171 Alex Two. Alex makes an observation.
Look at these, one, two, The teacher suggests that the children
174 Teacher three. .. How many are there - .
. make observations again.
on the wet side?
By comparing his response during the
175 Breoodn Dang! I should have marked prediction phase with the observations,
& on the other side. Breogan realizes that his hypothesis
was wrong.
No, you did very well! You
thought woodlice liked the dry
side, but doing the experiment = The teacher reminds Breogan that the
176 Teacher you discovered that they like purpose of experimentation is to
the wet side. Do you see how  test hypotheses.
many things we can learn by
doing experiments?
186 Teacher Where were there more? The teacher as.ks the chll(.:lren 0
remember their observations.
Breogan remembers an observation
187 Breogan On the wet side. regarding the behavior of woodlice
in humidity.
188 Teacher Where were there more, Carlos? ~ The teacher encourages Carlos to participate.
Carlos remembers an observation
189 Carlos Wet. regarding the behavior of woodlice
in humidity.
What results did we obtain The teacher asks the children to draw
190 Teacher . - .
from the experiment? conclusions from the experiment.
191 Breogan Not dry! Wet! Breogan c:lraws a conclusion from
the experiment.
19 Alex Wet! Alex draws a conclusion from

the experiment.

The following lines summarize the development of the session for this group. At the
beginning of the session, the teacher started a conversation while the children made observations
of the woodlice. In this conversation, Carlos (5 years old) greeted the woodlice and mentioned the
uropods. He said that eating is what woodlice like the most. Breogan (4 years old) mentioned
the eyes, head, thorax, abdomen, and uropods, and as a result of observation, he discovered
that they had stripes on their back. Alex (3 years old) mentioned antennae and uropods.

Next, the teacher asked them what they remembered from the previous session.
Carlos (5 years old) remembered that the woodlice liked the dark better. Breogan (4 years
old) remembered that the purpose of the experiment was to know if they like light, and
remembered as a result and conclusion that they preferred darkness. Alex (3 years old)
was able to describe the results: “Some went to the light and many stayed in the dark”.
However, it seems that he was not able to draw a conclusion.
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The teacher asked the children a question: “How do you think they will like the
soil better?” The question was not very well formulated and the children gave arbitrary
answers. The teacher asked the question again: “How do you think they will like the
soil? When is it raining and wet, or when is there no water at all?” They then began to
formulate hypotheses about which woodlice like more, dry or moist soil. Carlos (5 years
old) and Breogan (4 years old) indicated that they would prefer the dry soil more, and
Alex (3 years old) indicated that they would prefer the wet soil. The teacher then told
them that they were going to do an experiment. The teacher showed them the material: a
cardboard box, paper, and a spray bottle with water. She mentioned the experiment they
carried out in the previous session and asked them to think about what experiment they
could do to find out if woodlice preferred wet or dry soil. Alex (3 years old) said they
like it wetter, so the teacher asked how she could check it. She pointed out the material
they had prepared. Breogan (4 years old) pointed out that they needed a bug. The teacher
continued asking questions. Alex (3 years old) pointed out that they needed water and that
they should put water only on one side. In relation to the design of the experiment, Carlos
(5 years old) commented only to say that he was going to give the woodlice a kiss. Breogan
(4 years old) understood that there needed to be a dry part and a wet part, and thought
that many woodlice should be put in the box, not just one. Alex (3 years old) considered
it enough to put a single woodlouse in the box. After Breogan’s correction (4 years), he
preferred adding multiple. Regarding the results, Carlos (5 years old) was able to indicate
the result by pointing out that there were more woodlice in the wet area. Breogén (4 years
old) realized that his hypothesis was wrong: “Dang! I should have marked on the other
side.” He pointed out that there were more pill bugs on the wet side. The teacher took the
opportunity to explain to Breogan that he did it very well, and that by doing the experiment,
he discovered what the woodlice like the most. Alex (age 3) also pointed out that there
were more woodlice on the wet side. In this session, everyone seemed to have come to the
conclusion that the woodlice preferred the wet side.

3.3.3. Discourse Analysis in Group 3

In Group 3, a total of 187 contributions were made during the Session 5 and 83 were
made by the teacher. Carmen (5 years old) made 61 contributions, Bea (4 years old) made
21 contributions, and Ana (3 years old) intervened 22 times.

The teacher began the session by asking what the children learned from the experiment
they had carried out in the previous activity.

Turn Speaker Statement Analysis of Interaction
1 Carmen Teacher, what do we have to do?  She requests information about the task.
The teacher introduces the activity and
We are going to do an ask the children to remember what
2 Teacher experiment like yesterday’s. Did  happened in the experiment they had
you like yesterday’s experiment?  carried out to study the behavior of
woodlice in front of light.
3 Carmen Yeah! She shows a good attitude towards
the task.
4 Ana Yeah! She shows a good attitude towards
the task.
Look, teacher, what happens is Carmen points out that woodlice
6 Carmen that it likes both, the sun and prefer dark and light
also black. environments equally.
Well, I think they liked one of the ;heerfsﬁ‘ff rfifgiiﬁ‘;i‘ff;:;g |
7 Teacher two more, because they were

almost all on one side of the box.
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carried out to study the behavior of
woodlice in front of light.
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Turn

10

11

12

13

Speaker

Carmen

Bea

Teacher

Carmen
Teacher

Carmen

Statement

In black, but they like everything
the same.

But one liked the sun.

One yes, but almost all of them
on which side were they?

In the sun. ..

Where, Carmen?

In the dark, now give me that
sheet. ..

Analysis of Interaction
She remembers that there were more
woodlice in the darkness, but she does
not seem to be able to draw a
conclusion.
She remembers that one woodlouse
preferred the light environment.
The teacher asks the children to
remember what happened in the
experiment they had completed to
study the behavior of woodlice in
front of light.
Carmen points out that woodlice
prefer light environments.
The teacher encourages Carmen to
think again about her answer.
Carmen points out that woodlice
prefer darkness.

Subsequently, the teacher began a brief conversation that served as a recapitulation of
what was learned about the morphology thus far.

Turn

14

15
16
17

18

19

20

21

24

25

26

27

Speaker

Teacher

Carmen
Bea

Teacher

Bea

Carmen

Bea

Teacher

Carmen

Teacher

Carmen

Teacher

Statement

First let’s go over the parts. What

parts did the woodlice have?
The horns! Oh no...

The antennas!
What do they have there?
The he. ..

Head!

And the eyes!

The eyes!

What did they are here big?
The thorax and. ..

Lower and smaller?

The abdomen.

Very good! Phenomenal! Now
more difficult. Two little beaks
below that started with u.

Analysis of Interaction
The teacher takes the opportunity to
review the body parts of a woodlouse.
She tries to remember the body parts
of a woodlouse.
She rectifies Carmen’s response.
The teacher helps children
remember the parts of a woodlice.
She indicates a part of the body
of woodlice.
She indicates a part of the body
of woodlice.
She indicates a part of the body
of woodlice.
The teacher helps children
remember the parts of a woodlouse.
She indicates a part of the body
of woodlice.
The teacher helps the children
remember the parts of a woodlouse.
She indicates a part of the body
of woodlice.

The teacher helps children
remember the parts of a woodlouse.

Afterwards, the teacher introduced the activity that they were going to carry out in
this session, which consisted of designing an experiment to study the behavior of woodlice
in humidity.
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Turn

55

58

66

67
68
70
71
72
73
74
75

82

Speaker

Teacher

Bea

Teacher

Carmen
Teacher
Ana
Teacher
Bea
Teacher
Carmen

Teacher

Carmen

Statement

(...) What else can we know about
the place where the woodlice live?

We know they like the dark.

In the darkness and in the light one.

(...) What would you like more,
that the soil is wet or that it is dry?

Wet!
What do you think Ana?
Dry.

Ana thinks it likes it drier. What

do you think, Bea?
Wet.

Okay, Bea thinks she likes it wetter.

Carmen, what do you think?
Mmmm, wet.

Okay Carmen, well we mark wet.

Where do we mark wet?

I have a clue, when it’s sunny, it’s
dry, and when it’s rainy and it gets

dark, it’s wet. Wet.

Analysis of Interaction

The teacher asks the children about
the behavior of woodlice.

She states that woodlice like light
and darkness equally.

The teacher encourages child to
express her ideas about the behavior
of woodlice in humidity.

She makes a prediction.

The teacher encourages Ana to
express her ideas.

She makes a prediction.

The teacher encourages Bea to
express her ideas.

She makes a prediction.

The teacher encourages Carmen to
express her ideas.

She makes a prediction.

The teacher instructs the children on
how to cover the prediction sheet.
She relates rain to darkness because
she mentions that woodlice will like
wet things because it will be dark.
She makes a prediction.

After formulating and writing down the hypotheses, they began to plan the experi-
mental design.

Turn

96

97

98

99
102

104

105

106

107

108
109

110

111

Speaker

Teacher

Carmen

Teacher

Ana

Carmen

Carmen

Teacher

Carmen

Teacher

Carmen
Teacher

Bea

Teacher

Statement
So how are we going to know
if they like it more? Wet or dry?
What do you think we can do?
Well, we put wet here, and
dry here.

Ana, I like the idea. Do you
think it will work?

Yeah.
Yes, but we have a doubt.
Because if the wet has drops. ..

And how do we do it then?

But what about the drops.

Well, they are going to the

dry side. ..

I don’t know. We try. Place the
filter papers well because

the woodlice previously
escaped underneath.

Like this?

Yes, perfect.

Me too?

Help Carmen place. Well, now
what do we have to do?
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Analysis of Interaction
The teacher tries to encourage the
children to participate in the planning of
the experiment.
She participates in the design of
the experiment.
The teacher tries to encourage Ana to
participate in the planning of
the experiment.
She agrees with Carmen’s suggestion.
Carmen thinks they have a problem
with the design of the experiment.
She shows doubts about how to design
the experiment to test their ideas.
The teacher asks the children to clarify
what the problem is with the design of
the experiment.
She makes a prediction about the
behavior of woodlice against humidity.
The teacher gives instructions on how to
place the materials to be used in the
experiment to prevent the pill bugs
from escaping.
She requests approval from the teacher.
The teacher approves Carmen’s action.
She requests to participate in the
placement of the materials.
The teacher suggests Bea collaborate
with Carmen.
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Next, the teacher asked the children to make predictions about what they thought was

going to happen.
Turn Speaker Statement Analysis of Interaction
What do you think is The teacher asks the children to think about
150 Teacher . . .
going to happen? what is going to happen.
151 Ana In the dry. She make.s a pre.dlctlon a?bolut the behavior
of woodlice against humidity.
Okay later we check. Bea  The teacher asks the children to think about
152 Teacher . .
and you? what is going to happen.
153 Bea In the wet. She makgs a prgdlctlon apqut the behavior
of woodlice against humidity.
And 1 also. Let's see She makes a prediction about the behavior
154 Carmen ) of woodlice against humidity and suggests

when they choose.

carrying out observations.

Finally, the teacher then encouraged the children to look to see what happened.

Turn Speaker Statement Analysis of Interaction
155 Teacher I think we can now look. The teacher encourages the children
to make observations.
. She suggests carrying out
156 Ana be c;lireful, they are going observations carefully to prevent the
to climb. . :
woodlice from escaping.
158 Carmen They're still choosing, I think. She suggests Waltmg to
make observations.
160 Carmen That’s why they go that way. She believes that woodlice are
They are not calm. not calm.
I think they like the wet one She observes how a greater number of
161 Bea . . .
better. The dry, only one. woodlice prefer a humid environment.
One, two, three, four, five and, in ~ She counts the number of woodlice
163 Carmen . . .
the dry, zero. in the humid and dry environment.
167 Carmen One, two, three, four and five. .She counts .the nu.mber of woodlice
in the humid environment.
Ah! Look, it’s in the dry. Five in The teacher encourages children to
168 Teacher . .
the wet and one in the. .. make observations.
169 Carmen In the dry. She observgs that there is pnly one
woodlouse in the dry environment.
170 Teacher So, which one do they like more? The tea(?her asks the cl'uldren to draw
conclusions from the experiment.
171 Carmen The wet. She draw's a conclusion from
the experiment.
179 Bea The wet. She draw§ a conclusion from
the experiment.
Well, we put on the dry side how The teacher gives instructions on
173 Teacher many there were. We draw one
. how to cover the sheet.
on the dry side.
178 Carmen Teacher, I'm done. She provides information about the
status of the task.
Okay, which one did they like The teacher asks Ana to draw
179 Teacher . .
the most, Ana? conclusions from the experiment.
180 Ana The humid one. She draws a conclusion from

the experiment.

The following lines summarize the development of the session for this group. At
the beginning of the session, the teacher started a conversation pointing out that they
were going to do an experiment similar to the one they had completed the previous day.
The teacher asked the children if they remembered the experiment. Carmen (5 years old)
remembered the results of the experiment, but did not agree with the conclusions they
drew: “Look, teacher, what happens is that it likes both, the sun and also black (.. .). There
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was more in the black but they like everything the same”. Bea (4 years old) agreed with
Carmen (5 years old) and said “one likes the sun”.

Later, the teacher prepared to review the parts of the woodlice. The first thing Carmen
(5 years old) said was “the horns”, but her answer was immediately rectified by Bea who
said “antennas”. Bea (4 years old) and Carmen (5 years old) pointed to the head and eyes.
Carmen (5 years old) pointed to the thorax and abdomen. With the teacher’s help, they
remembered the term “uropods”. Ana (3 years old) said that woodlice had hands. The
teacher corrected her and then she named the legs. Ana and Bea said woodlice have four
legs. With the teacher’s help, they said fourteen.

Then, the teacher asked them where woodlice live. Bea (4 years old) believed that they
live in darkness and light. The teacher asked: “What will the place where they live be like?
Will they like the ground to be there? Dry or wet?” Carmen (5 years old) thought woodlice
like the night better. Ana (3 years old) said darkness. They marked possible hypotheses.
Bea (4 years old) and Carmen (5 years old) thought they would prefer wet soil and Ana
(3 years old) thought they would like dry soil. Carmen (5 years old) pointed out a clue:
“when it’s sunny, it’s dry, and when it’s rainy and it gets dark, it's wet”. Next, the teacher
showed them the material: a cardboard box, paper, and a spray bottle with water. She
mentioned the experiment they carried out in the previous session and asked them to think
about what experiment they could do to find out what woodlice preferred, when the soil
was wet or dry. Carmen (5 years old) suggested how to design the experiment by putting a
wet part and a dry part in the box. Ana (3 years old) and Bea (4 years old) thought it would
work. Carmen (5 years old) suggested that each of them pick up three woodlice, but Ana
(3 years old) did not want to pick them up with her hands. They placed in six woodlice
and waited. After a while, they went to look, but Carmen (5 years old) pointed out that the
woodlice were still choosing. The children waited a little longer and returned to count the
number of woodlice in each part. There were five woodlice on the wet side and one on the
dry side. They were all able to point out the results and they all seemed to conclude that
woodlice preferred humidity.

3.3.4. Discussion

In the fifth session of the teaching sequence, a group activity was carried out where
the children had to design an experiment to find out the behavior of woodlice against
humidity. The children found the two sessions where they had to design experiments very
interesting and they were a topic of conversation for several days.

To get an idea of the participation of the children and the teacher, we have counted
the contributions. In Table 3, we can see the number of contributions by each participant
in each session. The number of children’s contributions was more than 50% of the total,
although not all participated equally. As shown in Table 3, almost all the children spoke
more in this session than in the first session. In Group 1, a total of 111 contributions were
made during Session 5, 54 of which (48.64%) were made by the teacher. In Group 2, a total
of 199 contributions were made during this session, 95 of which (47.73%) were made by
the teachers. In Group 3, a total of 187 contributions were made during the Session 5, 83 of
which (44.83%) were made by the teacher.

The teacher’s statements were generally in the form of questions. Sometimes the
teacher’s contributions were to direct the activity: “First let’s review the parts”. At some
moments, she gave them instructions on the procedure to follow or how to treat the
woodlice with care. In some interactions she encouraged the children when they responded
correctly: “Wow, Breogdn! Shake my hand, champion! Very good!”. The questions
fulfilled different functions, such as starting the conversation: “What experiment did we
do yesterday?” Through questions, the teacher encouraged the children to remember the
experiment they did in the previous session: “Did they like the light or the dark?” It also
encouraged thinking: “We have to think first”. Contributions such as “But how can we
check it?” or “Now we have to think about how we can do it” encourage children to
articulate their thoughts and clearly specify what they needed to do. In the experimental
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design, the teacher helped the children, but following the ideas that they were proposing:
“Shall we put the water in everything? Let’s look at where they are placed!”. The teacher
encouraged the children to look at the results and draw conclusions for themselves: “So
what do you like best?”.

As shown in Table 3, the children who participated the most were Carmen (5 years
old) in Group 3 and Breogan (4 years old) in Group 2.

In the fifth session, Casto (5 years old) and Breogédn (4 years old) remembered the
purpose of the experiment they had carried out in the previous session and the conclusion
they had reached. They remembered that the conclusion was that woodlice like darkness.
At first, other participants, among which were Brais (4 years old), Ara (3 years old), Antén
(3 years old), and Alex (3 years old), did not remember the conclusion. Carmen (5 years
old) remembered the experiment, but was not at all convinced of the conclusion and she
said: “Look, teacher, what happens is that they both like the sun and also black”. The same
thing happened to Bea (4 years old) who said: “But someone likes the sun”.

Children were able to formulate hypotheses and make predictions about the behavior
of woodlice towards humidity and the preference for a wet or dry habitat. Casto (5 years
old), Carmen (5 years old), Bea (4 years old), and Alex (3 years old) indicated that woodlice
would like moist soil more, while Brais (4 years old), Ara (3 years old), and Carlos (5 years
old) predicted that they would like dry soil better.

In relation to the experimental design, Casto initially did not seem to understand the
purpose of the experiment because he believed that the objective was for the woodlice to
survive, which is why he wanted to moisten the entire box. The same thing happened to
Anton (3 years old) and Ara (3 years old) who wanted to get everything wet. They did not
seem to understand the purpose of the experiment. Carmen (5 years old) and Brais (4 years
old) understood that there needed to be a dry part and a wet part, and they suggested how
to do it. Bea (4 years old) and Breogan (4 years old), Alex (3 years old), and Ana (3 years
old) also understood that they needed both a dry part and a wet part.

All the children agreed that the result of the experiment was that there were more
woodlice on the wet side, except Antén (3 years old), who said that there were more on
the dry side. Breogan (4 years old) realized that his hypothesis was wrong. For Bea, the
result was that five woodlice liked the humidity, and only one liked dry environments. In
general, all of them seemed to come to the conclusion that woodlice like humidity.

According to these results, the children presented certain difficulties in understanding
the purpose of the experiment and how to reach conclusions from the experimental results,
as observed when they were asked about the experiment they carried out in the previous
session with the aim of finding out if the woodlice prefer the light or the darkness. Lorch
et al. noted out that students show a better understanding of variable control if only one
variable at a time is offered [42]. In this work, we see how children were able to formulate
hypotheses and make predictions about the behavior of woodlice in the face of humidity.
Children, in general, recognize the variable that needs to be investigated and how to do it.
This is in line with the results of Cook et al. who consider that preschool children already
recognize how to isolate variables in a simple context with few variables to investigate [16].
In general, they were able to recognize the results of the experiment and, furthermore,
they were able to contrast their predictions with observations. Some difficulties were also
observed in reaching conclusions from the experimental results. These results would be in
agreement with the results of Piekny et al. who have shown that preschool children already
have a basic ability to evaluate evidence and a basic understanding of experimentation [43].
The findings showed that the ability to evaluate evidence is already well developed at the
age of four, and increases steadily and significantly over time as long as the covariation
pattern is perfect.

3.4. Sessions 6—7

In the sixth session, the children made a model of a woodlouse, enhancing fine motor
skills and the artistic field. This activity also gave children the opportunity to use terms
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referring to the morphology and apply ideas and terms that they had learned in the
observation activities.

The seventh session was a recapitulation activity of what was learned. It consisted
of a conversation with the children where they were given the opportunity to apply the
ideas they had learned about the morphology and habitat of woodlice to the construction
of a terrarium.

4. Conclusions

This paper describes how children (aged 3 to 5) and the teacher dealt with work in the
classroom. They built ideas and practiced scientific skills through empirical experience and
dialogue with others by engaging in inquiry activities with woodlice. The first session, in
which an exploration activity for activating ideas was implemented, and the fifth session,
in which an inquiry activity was performed, were analyzed in more depth.

At the beginning of the teaching sequence, the children had the opportunity to express
their knowledge about woodlice, making reference to their name, habitat, food, etc. The
teacher’s interactions were mainly in the form of questions to activate the children’s
knowledge. We can say that, in general, the children were involved in the activity, although
not all participated to the same extent. In relation to the children’s ideas about woodlice,
it should be noted that the children did not know their proper name. They referred to
them as bugs, and the younger children referred to them as snails or worms. Despite not
knowing their name, the children did express correct ideas about the food and habitat of the
woodlice. As has been pointed out in other papers, explanations that refer to certain aspects
of children’s approaches to living beings often reflect anthropomorphic reasoning [44].
Some of the 4-year-old children used anthropomorphic expressions attributing human
characteristics to objects, animals, or phenomena that do not possess them. On the other
hand, the three-year-old children tended to establish syncretic explanations, tending to
group objects or events based on superficial characteristics or emotional associations
instead of on logical or rational criteria [41]. In addition, the children were involved in
the observation activities and showed interest in learning the names of the parts of the
woodlice such as the head, the antennae, the eyes, the legs, or the uropods, in addition
to learning more ideas about the habitat and the feeding. These last ideas could help the
construction of a precursor model about living beings [45].

The children were involved in inquiry activities in which they had to make predictions,
plan an experiment, obtain results, and draw conclusions about the behavior of the pill
bugs. In this paper, the fifth session was analyzed in more detail, where they carried out an
inquiry activity on the behavior of woodlice against humidity. The teacher interacted with
the children by asking questions and encouraging them to express and record their ideas
and predictions, encouraging them to think about the experimental design to test ideas,
and to record the results and draw conclusions for themselves. In the activity where they
have to make predictions about the behavior of the woodlice in relation to humidity, the
children presented certain difficulties in understanding the experimental design and the
purpose of the experiment and how to reach conclusions from the experimental results.
The children were able to formulate hypotheses and make predictions about the behavior
of pill bugs against humidity and record the predictions with the help of the teacher. In
general, they were able to recognize the results of the experiment. Furthermore, they were
able to contrast their predictions with observations.

As seen in this paper, children are involved in inquiry activities. Children can make
predictions, formulate hypotheses, and, with the teacher’s help, are able to plan a simple
experiment to test their ideas. Furthermore, in simple experiments with a single vari-
able, they are able to understand the results and draw conclusions. On the other hand,
these types of activities allow children to learn to find answers to scientific questions
through experimentation.

In this paper, information was collected through a classroom diary, in which the
observations of each session were noted down, and video and audio recordings of two
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sessions (Session 1 and Session 5). The analysis of the discourse from the first session and
the classroom diary allowed us to answer the question about the children’s ideas about
woodlice. The analysis of the speech and the classroom diary of three groups from the
fifth session allowed us to answer the questions related to the children’s participation in
the inquiry-based activities. A limitation of the study is the lack of data for the discourse
analysis of all activities in the sequence, which would have provided a more robust and
complete view of the implementation of the teaching sequence.

Educational Implications

As noted by Lazonder et al., in any early-childhood education classroom, there must
be time for free play and exploratory activities, but we must not lose sight of the impor-
tance of implementing more structured and more demanding inquiry-based activities for
children and also for teachers [46]. Furthermore, carrying out these types of activities with
woodlice allows children to become familiar with these small living beings and can help
fear, repulsion, and biophobia disappear. In this study, only some children showed some
rejection of woodlice at the beginning of the activity. This may be due to the rural context
in which the participants of this study live. On the other hand, the teacher’s role is essential
in providing opportunities for all children to participate in inquiry-based activities. In
this study, interaction in a heterogeneous group (3-5 years) was beneficial for all children
and this was due, in part, to the skill of the teacher who encouraged the participation of
all children.
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Abstract: This study focuses on preschool class children and grade one pupils” questions about
the natural sciences. The article presents the questions that preschool class children and grade one
pupils asked via a chat function in connection with a digital interactive lesson about molecules
arranged by a culture center in Sweden. The results of the thematic analysis are discussed in relation
to their didactic implications for natural science teaching with young learners. The most relevant
conclusions are that children drew from their own experiences when approaching molecules, they
could generalize their experiences and apply them to other contexts, and they needed time to process
the content and then ask questions. Therefore, the authors suggest the use of children’s questions as
a useful pedagogical tool for helping young children understand abstract concepts such as molecules.
Furthermore, follow-up interviews with children are suggested as a means of mapping the origin of
such questions.

Keywords: preschool class; chemistry; questions

1. Introduction

In Sweden, preschool education is provided by municipalities for children aged
between one and five years old with an attendance rate of about 85% [1]. The Swedish
preschool curriculum states as a goal that education at this level should “contribute to
children developing an understanding . .. of simple chemical processes” [2] (p. 14-15).

Within compulsory school, there is a first year that is voluntary for children before
they start grade one, known as preschool class or forskoleklass [1]. The Swedish preschool
class curriculum states chemical phenomena as central content in the field of nature [3].
This study focuses on preschool class children (aged 6 years old) as well as grade one pupils
(aged 7 years old) and the questions they posted about molecules.

Although preschool class is not compulsory, it helps prepare children for starting
school. Such preparation is needed because of the differences between both stages. While
play has a central role in the child’s development during the preschool stage [2], school has
more structured teaching that aims for the child to achieve the criteria for assessment in
each subject in each course [3]. It is also known that if a child encounters a major difficulty
during the transition period, this can have a negative impact on the child’s learning and
development [4]. Hence, supporting the transition from preschool to school is important [5].

From a cultural-historical perspective, play has a key role in the mental development
of a child [6]. Children continually move between reality and imaginary situations in play,
and this builds their capacity for thinking with concepts in science [7]. In the same way
that children combine their prior experiences into a new concrete situation through play,
science can also be conceptualized as an imaginative act [7]. For example, although children
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cannot see molecules, they can be introduced through a dramatization in which an actor
is dressed up and behaves as a water molecule and moves at different speeds depending
on temperature.

However, since the project took place in the middle of the COVID pandemic and
followed the guidelines of the health authority that recommended avoiding physical
contact with the participants [8], the only possible way to collect data was using digital
technology. Therefore, this article can only present the questions that the children asked
via a chat function connection with a digital interactive lesson about molecules arranged
by a culture center in Sweden.

2. Previous Research
2.1. Children’s Understanding of Molecules

Although molecules are central content in chemistry education, it has been shown
that preschool children struggle to understand the submicroscopic level, which they cannot
see [9]. How children understand such an abstract concept is an important prerequisite for
teaching, guiding how teachers can support children in their emerging understanding of
concepts. Akerblom et al. [10] studied children’s understanding of water and chemistry
before and after participating in a drama activity focusing on the water molecule in a
children’s culture center. The study noted that the children showed different qualitative un-
derstandings of the water molecule. The children understand water in the following ways:
through everyday understanding, their own experiences, and exploratory generalized
understanding.

Within the category of everyday understanding, the children had difficulty expressing
what water is. The children reasoned about the function of water as something we drink or
how water manifests itself. What water consists of was not something the children reasoned
about, nor did the children make any connections between water and the molecule concept.

As for the category of children who give an account of their own experiences, where
most answers were found, the children pointed to the function and properties of water.
Here, the children reasoned that water is something that surrounds us and that exists in
different variations.

Finally, within the exploratory generalized understanding category, water is under-
stood as something that can be studied, and the children’s responses reflect refined ways of
explaining the material world. Here, the children reasoned about the components of water
and described, as in the previous category, water in different forms. What distinguishes
the children’s answers here is that they use scientific terms and show an understanding
of their meaning, for example, about water’s surface tension (when a child explains how
water striders can float above the water’s surface).

Overall, the children’s understanding of water moved from being experienced sensu-
ously to a more generalizing way of understanding.

Akerblom and Pramling [11] analyzed how six-year-olds reasoned about their experi-
ences and how they understood the content after participating in a drama activity focusing
on molecules at a culture center. The starting point for the project was to see how the
children manage the relationship between imagination (as if) and scientific content (as it
is). Between these poles (the world “as if” and “as it is”), a tension field was described,
which the children dealt with by reasoning in different ways: pretending to be molecules,
using familiar phenomena such as similes to reason about things that are challenging,
coordinating “as if”, but also taking part in what the drama teacher imagines. In summary,
Akerblom and Pramling [11] found that the children used linguistic resources that they
could master at the time, such as similes, to approach the scientific content, which would
otherwise have required other linguistic resources to reason about. The researchers discuss
the children’s navigation between “as if” (the fantasy used in the pretend world they use in
their play and stories) and “which it is” (the real world they perceive through their senses in
reality) in the same way scientific phenomena that children experience through their senses
need to be described in a manner so that children can actually understand them. Since
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most of the articles are in Swedish, three references from English-speaking publications
that have addressed similar topics can be found in the following references: [12-14].

The above results show that molecules as content can be understood in qualitatively
different ways by younger children. After participating in a drama activity, children
approach this scientific content by reasoning with the help of different linguistic expressions,
such as similes, which take place in the tension field between fantasy and reality. Therefore,
children’s linguistic expressions in different forms can act as a kind of guide for how they
approach or understand content. Children’s questions can be considered a form of such
linguistic expressions and, regardless of the “teaching form” (whether it is a digital lesson
or a drama activity), constitute a prerequisite for teaching. It is also relevant at a time when
teaching takes place through digital forms to investigate how children perceive different
content and what questions they ask about the content because there may be differences
compared to learning taking place without a digital interface.

2.2. Children’s Questions as a Starting Point for Teaching

The questions that teachers ask in science teaching to develop children’s understand-
ing have been the subject of research [15,16]. Conversely, children’s questions, as a starting
point for science teaching, can be significant for children’s meaning-making and under-
standing of the content. Within the Swedish preschool context, Thulin [17] investigated
what kind of questions children (3-5 years old) ask during an activity as part of themed
work about what soil is and how soil is created. Of the over 200 questions asked, the study
shows that children most commonly ask the following questions:

- Questions related to the content (173 questions: about doing something with the
content, about knowing something about the content, about understanding something
about the content, about relating the content to their own or common experience,
about being involved in the content).

- Questions related to tools (22 questions: about getting to use tools, about understand-
ing how to use tools, about sharing tools).

- Questions not related to the content (11 questions).

Furthermore, the children’s questions increased the longer the theme work went on,
which can be understood as the children “.. .need to be introduced to a field of knowl-
edge, be able to relate experiences before they can ask questions about it” [17] (p. 36). In
summary, Morais et al. [14] shows that most of the children’s questions relate to content
(knowing something about the content) and processes (doing something about the content).
Children’s interest in learning about content is of didactic importance for various reasons.
This has consequences for teachers” didactic choices both before and during science teach-
ing. It is also significant from the children’s perspective to know about the children’s
(pre)understanding of the content.

In another project with a focus on ecology, Halvars [18] investigated how preschool
children ask questions and create meaning in encounters with trees. The project, which used
an exploratory working method, lasted for a school year, in which 28 children and three
preschool teachers participated. In encounters with trees, children make connections to their
own lives (for example, the family circle), their own bodies (based on form and function),
the trees’” internal and external systems, living conditions for animals that are around
the trees, and how the trees communicate. This study also makes visible content-specific
aspects, where the children mostly relate to the content based on their own experiences.

Hansson et al. [19] compiled children’s questions and situations as potential science
learning situations. This was carried out within the framework of the “preschool upgrade”,
which includes qualifying courses for teachers in many subjects and school forms such as
science, mathematics, technology, or reading techniques, as well as special teacher training.
In this case, the participating preschool teachers themselves identified situations and
children’s questions. A total of 295 questions with chemistry and/or physics content were
found. Of the 295 questions, 107 questions/situations had potential chemistry content, and
209 had potential physics content. In terms of chemistry content, most questions/situations
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dealt with various substance and material properties or phase transformations. There were
also questions/situations about chemical reactions.

Overall, the studies above point to children’s questions as a starting point for science
teaching. Children’s questions can be seen here as linguistic expressions of children’s
perspectives, which science content interests them or how they understand and approach
science content. The children’s questions, after being interpreted, can function as a didactic
tool for teachers’ planning and how they can challenge children through teaching.

The purpose of this article is to study preschool class children and grade one pupils’
questions during a digital interactive chemistry lesson and to categorize them to later
discuss the didactic implications for science teaching at this stage.

3. Method
3.1. Data Collection

In May 2020, during the ongoing COVID-19 pandemic, a culture center located in a
major Swedish city broadcasted an interactive lesson digitally via its website. The content
of the lesson consisted of the following elements:

(a) A transmission of a pre-recorded dramatization on the theme of molecules (gestalting,
a molecular dance, and an experiment). Drama educators from the cultural center
acted in the dramatization, where they pretended to be solid, fluid, and gaseous water
molecules and moved at different speeds as the temperature increased [10].

(b) A chat function where the participating preschool classes/schools could ask questions.
The chat function ran throughout the entire broadcast.

(c) A review where chemists from a technical university answered the children’s ques-
tions that had been asked in the chat.

The natural science content for the lesson was molecules, and previously, the lesson
had been given on location (IRL) for interested classes in collaboration between a cultural
center and a technical university. The interactive lesson given on site is usually offered for
preschool children and for grade one pupils.

What makes this intervention unique in comparison to other instructional films about
molecules is its multimodal format. Children are first introduced to molecules through a
dramatization in which a person acts as a water molecule. Then, the children are asked
to represent a water molecule in a solid, liquid, and gaseous state, moving at different
speeds according to the temperature. Finally, the children observe through an experiment
how a sugar cube melts faster in hot water than in cold water, and the same happens with
food coloring.

Around 515 classes were registered for the lesson, consisting of 13,499 children and
1321 teachers from preschool classes and grade one classes from different parts of Sweden,
amounting to a total of 14,770 participants. In connection with the lesson, questions could
be asked in the chat. Since the children could not type the questions themselves, they raised
their hands, and their class teacher typed the questions they asked one at a time in the
online chat. The questions written in the chat constitute the total collected material for the
study, which unfortunately shows that not all the classes asked questions. The questions
formulated in Swedish were translated into English by the second author and then checked
by the first and third authors.

In this study, unfortunately, there are no data about whether the questions arose
during the lesson and/or as part of the science teaching in the participating classes. The
same applies to whether the children formulated and/or wrote the questions themselves
in the chat or with the help of the teachers. The recorded questions can therefore be
seen as expressions of what the children (group) wanted to know more about regarding
molecules in connection with the digital lesson. Thus, the questions asked are an “active”
document that represents the children’s existing perceptions and thoughts about molecules.
Asking questions can be seen as part of the children’s sense-making about the content
of “molecules”.
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3.2. Ethical Considerations

The Swedish Research Council’s [20] good research practice guidelines were followed.
The participants were informed that the activity was connected to research purposes, and
by signing up for the virtual session, they consented to participate in the study. The
identities of the students formulating the questions have been kept anonymous since the
data collected did not provide names at all. The objective of the research was to build
knowledge about natural science didactics within the field of chemistry.

3.3. Data Analysis

In order to understand the meaning of the children’s questions and what it is the
children wanted to know more about regarding molecules, the children’s questions need to
be interpreted. A thematic analysis was used as an analysis method. Silj6 [21] wrote that
this method is suitable for distinguishing and analyzing different patterns or themes. The
different themes must capture something valuable in relation to theory and the research
question/s, and this method can be used based on different theoretical frameworks.

As the children’s questions were asked in a digital interactive context, these are dis-
cussed in relation to a sociocultural perspective [22], which regards learning as social, where
different participants interact with others in a specific context. Through interaction with
others, for example, knowledge and ways of thinking are shared. Knowledge of molecules
is potentially increased by taking part in the content of the digital lesson. The digital lesson
constitutes the specific context in which the participants (children, teachers, researchers,
drama pedagogues, the content) communicate through the chat and the questions that
are asked.

Artifacts are cultural products that humans have created and are important tools for
interaction. Through these, knowledge is transferred or mediated to the participants in
a specific context. Artifacts can, for example, be linguistic, mental, or digital [22]. The
children’s questions can be seen here as linguistic artifacts and the chat as a digital artifact.
The concept of “molecules” is a mental artefact that is significant for teaching chemistry.
These artifacts enable the participants to interact and knowledge to be (re)created in a
specific context. Through the content of the digital lesson, knowledge about molecules was
mediated, and the questions asked in the chat mediated knowledge about the children’s
understanding of molecules.

4. Results

The questions were recorded in the order that they appeared in the chat. After the
broadcast, an excerpt was also provided with all the questions asked in the chat by the
person in charge of the cultural center. In this way, a double check took place so that no
questions would be overlooked. In the chat, the name of the school and/or the teacher
and the question itself appeared. The school/teacher’s name was initially included to
ensure that no questions were missed, but was then deleted and does not appear in the
results presented. If the same question was asked several times, it was only included once,
generating 53 different questions.

Afterwards, each question was summarized in terms of content. Upon repeated
reading, questions dealing with similar content could eventually be sorted under the same
subtheme. The subthemes were compared with each other and arranged according to
different content themes. Finally, six different themes crystallized: the origin of molecules,
molecules and their properties, molecules as constituents, reactions and interactions of molecules,
molecules and science, and other questions. In the next step, these subthemes were sorted.

4.1. The Origin of Molecules

The theme summarised in Table 1 includes a small number of questions. These
questions can be interpreted as having an ontological and causal nature, where children
want to know more about the background of molecules and what caused their creation.
Based on these questions, we conclude that the children relate to molecules as part of the
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universe and try to understand their place in the universe historically (from the beginning,
where do they come from) but also what causes their emergence (how do they appear, how
are they born, how are they created). Most questions begin with the question word how.

Table 1. The origin of molecules’ theme, subtheme, and examples.

Theme The Origin of Molecules

Background and becoming

- How are molecules born?

- Where do molecules actually come from? From the
Subtheme and examples beginning?

- How did water molecules appear?

- How long have molecules been around?

- How are molecules created?

4.2. Molecules and Their Properties

Within the theme on Table 2 are the second most frequently asked questions. These
questions focus on the classification of what molecules are based on, as well as what
properties molecules are assumed to have. The questions indicate that the children want
to understand the nature of molecules. The questions asked about their properties con-
cerned their weight, size, appearance, and structure. They can be summarized as having
a comparative and measurable character, and these too usually begin with how to obtain
answers to how molecules are made up; for example, questions beginning with “How
much weighs. ..” and “How big. ..” were asked. These questions can be understood as the
children relating to molecules through ideas and experiences connected to their own world,
for example, whether they eat or get sick. In summary, the questions within this theme are
about arranging, defining, comparing, and determining the nature of molecules based on
their different properties; “are they alive or are they a thing?” and “are they red...?” are
some of the questions asked.

Table 2. Molecules and their properties’ theme, subthemes, and examples.

Theme Molecules and Their Properties

Taxonomy /classification

- What are molecules? Are they alive or are they a thing?
- Are there sickness molecules?

Weight

- How much does a molecule weigh?

- How much does a sugar molecule weigh?
Size

- How big can a molecule be?

- How big is a molecule? Are there different sizes?
- How big is a glass molecule?
Appearance

Subthemes and examples
- How do air molecules look like?

- Are there other-colored molecules?
- Are water molecules red for real?

Structure

- Can we take a molecule?
- Why do molecules not have a brain?
- How can water molecules go up and down?

Vulnerability
- Can molecules be sick?
Nutrition

- Do molecules eat?
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4.3. Molecules as Constituents

The majority of the children’s questions were within this theme on Table 3. The ques-
tions concern the relationship between molecules and the rest of the world and other things.
The questions were about where molecules can be found, whether they are constituents
of different things, and to what extent (“how many molecules. . .?”) they can be found in
different things.

Table 3. Molecules as constituents” theme, subthemes, and examples.

Theme Molecules as Constituents

Constituents

- Are there water molecules in everything?
- Are there molecules in the molecules?

- Whatis a sugar molecule made of?

- Are there molecules in all the liquids?

Object

- Does light consist of molecules?

- Are there molecules in pencils?

- Are there molecules in computers?
- Are there molecules in paper?

- Are there molecules in glass?

- Is lava a molecule?

Living things
- Do flowers also have molecules?

- Are insects made of molecules? Which ones?
- Are bacteria made of molecules?

Subthemes and examples Body

- Does sweat have water molecules?
- Does COVID have molecules?

Space

- Are the molecules all over the universe?
- Are there molecules in space?

- Are there molecules in black holes?

- Has the vacuum no molecules?

Physical phenomenon

- Does energy consist of molecules?

- Does electricity consist of molecules?
- Does light consist of molecules?
Quantity

- How many molecules are there in a sugar cube?

- How many molecules are there in the body?

- How many molecules are there?

- How many water molecules are there in the world?

The question “Does light consist of molecules?” is represented under two different
categories, as it is difficult to know which “kind” of light the children were referring to
(whether they meant a candle or, for example, sunlight).

4.4. Reactions and Interactions of Molecules

The theme on Table 4 points to the children’s curiosity about what happens when
molecules come into contact with other substances or are even in different states. Within
this theme, the children can be interpreted as having an ambiguous idea of molecules.
In part, questions such as “What does it look like when the water molecules are mixed?”
indicate an understanding that molecules interact with their environment and come into
contact with other substances. In this sense, molecules are assigned an active role. In part,
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other questions may point to the passivity of molecules when they are exposed to various
actions. The following example can illustrate this: “What happens to the water molecule
when we drink the water?” refers to an external influence where someone else’s actions
will affect the state of molecules.

Table 4. Reactions and interactions of molecules’ theme, subtheme, and examples.

Theme Reactions and Interactions of Molecules

Contact with other subjects

Subtheme and - What happens with water molecules when we drink water?
examples - What happens to water molecules when we finish drinking water?
- How does it look when we mix water molecules with sugar?

4.5. Molecules and Science

A few questions had a scientific focus and concerned how we acquire knowledge
about the natural sciences, as summarised on Table 5. One question concerns how our
knowledge of molecules can be guaranteed and has an epistemological character. The other
question is more general and refers to one child wondering about the science of chemistry.

Table 5. Molecules and science’s theme and examples.

Theme Molecules and Science

- How do we know that there are molecules?

Examples .
- How does chemistry work?

4.6. Other Questions

The questions within the theme on Table 6 differ from the others, as they are of a
practical nature and refer to the execution of the digital lesson. In summary, the content of
the questions has an indirect relationship or a nonexistent connection to molecules. One
of the questions concerns the props, for example, “the green” that is in front of the acting
drama teachers, and the answer can be seen as important for understanding what happens
during the lesson. Another explanation could also be pure curiosity about what “the green”
is. The latter question can also be interpreted as the children knowing that there is usually
a real audience during lessons in the cultural center. The children may thus seem to relate
to previous experiences; possibly they have visited the culture center and seen various
performances that are now part of the digital lesson.

Table 6. Other question’s theme and examples.

Theme Other Questions

- What is the green thing in front of you?

Examples )
- Are there students with you now?

5. Discussion

With reference to the purpose of the study, the children’s questions show that molecules
are a subject that interests the children, as most of the questions were about molecules. In
previous studies, there have been similar results [17]. Both the themes and subthemes point
to variation in the content of the questions. The questions illustrate different aspects of
molecules; some of the questions are about understanding what a molecule is in order to
use molecules to understand material things or phenomena. Only a few questions have a
general science focus or do not relate to the lesson’s content.

Like previous studies, the children started with their own experiences [10,18] when
they wanted to know more about molecules. Here, this relates to the children asking
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questions about molecules in relation to things they recognize (pencils, computers, light,
sugar, glass) or to situations that they themselves have been involved in, for example,
being sick or eating. Properties have also been shown to be a starting point when children
reason about water molecules [10] or ask questions about chemistry content [19]. Also, in
this study, the children asked questions about the properties of molecules, such as their
appearance, weight, and size. The questions about properties seem to be a way for the
children to classify what molecules are and relate them to other things they know. The
properties function as a comparison between different things and phenomena. Furthermore,
connections to one’s own body [18] can also be seen, as some of the questions contained
concepts such as the brain, sweat, coronavirus, bacteria, and sickness. In summary, the
various connections (experiences, properties, the body) to molecules can act as a way for
children to create connections between what they know and a possible new area to learn
about. Asking questions thus functions as a tool to explain one’s world.

Some of the children’s questions specifically concerned the water molecule, while the
rest were about other kinds of molecules or questions about molecules in general. The
fact that the water molecule was depicted in the digital lesson could explain why certain
questions concerned the water molecule. On the other hand, the questions that did not
focus on water molecules in particular show that children can generalize their experiences
and apply them in other contexts. In terms of teaching, this means that the water molecule
is an excellent subject for challenging children’s thoughts about what molecules are and
how they form building blocks for the creation of various known things, materials, etc.

The children’s questions are also of didactic value, as they show what interests the
children and how they approach chemistry content. The different themes and subthemes
summarize aspects of content that teachers can build their teaching upon, for example,
when introducing different content. What the children ask for can also be a way to take
part in the children’s pre-understanding and conceptual understanding, as well as possible
misconceptions. These are all equally important aspects of work dealing with natural sci-
ence.

From a sociocultural perspective [22], the children’s expression of what they want
to know more about molecules can be understood as the children being knowledgeable
participants in a scientific context. Their thoughts and questions are valuable building
blocks in the creation of knowledge about important content regarding natural science.
Asking questions is thus a linguistic tool for interacting with others about important cultural
content in natural science. The chat functions as a receiver in the interactive context where
knowledge is created between the different participants: on the one hand, the children
(and teachers) who ask the questions, and on the other, the chemists who answer the
children’s questions. The chat enables interaction so that different ways of thinking about
molecules are shared. As several different classes participated in the interactive digital
lesson, this knowledge was spread between schools. The interactive lesson as a whole
(dramatization, chat function with questions, explanations) constitutes a digital artifact
that enables interaction where knowledge is distributed between different participants.
Knowledge is thus not “static”, but is created and re-created through questions and shared
by many different participants (each within their own context).

Molecules are an abstract subject. This digital lesson can be a way of introducing
and/or illustrating this abstract content through multimodal forms, corroborating how vi-
sual computer animations have previously been shown to help [23]. The digital lesson itself
can be experienced as abstract because much of its content (dramatization, experiments)
is pre-recorded. If the lesson had been given on site in the cultural center, the children
could have “hands-on” experiences in, for example, the molecular dance (the movements
of molecules at different temperatures). Instead, the children could interpret the content
of the lesson digitally. Possibly, the children would have asked different questions if they
had been there after acting as the molecules themselves or experimenting. At the same
time, the chat, as a digital forum, enabled the various participants to gain access to other
people’s questions and ways of thinking.

91



Educ. Sci. 2024, 14, 651

In addition, the questions asked in the chat were answered orally (the vast majority
of questions) and in writing (all the questions). That way, all classes could take part in
the content. Even though the chat function was available throughout the broadcast, it still
represents a limited amount of time to formulate and ask questions while taking part in the
lesson. The children may have needed time to process the content and then ask questions.
Research shows that children ask more questions the longer you work with an area [17].
Conversely, classes that have previously worked with this chemistry content may find it
easier to formulate questions in the context of the interactive lesson. This generates new
questions, which puts the focus on teaching: what understanding do the children have
when they are to take part in digital “lessons”, or in what way are the children’s questions
developed based on digital lessons? Based on a sociocultural view of learning, it is of
interest to follow some classes more closely to study their interaction in the classroom and
how questions are created during a digital interactive lesson.

Limitations of the Study

Although access to interactions between the teacher and the children is not possible
because of the circumstances of the digital chat, which only allowed access to the online
text, the fact that a high number of participants posted questions ensures that the data have
a high level of reliability.

Unfortunately, no follow-up interviews with the children and their teachers were
carried out due to time constraints. Nevertheless, access to these data would certainly
enrich the analysis.

6. Conclusions

The results of the study can be summarized in the following three points: First of all,
the children drew from their own experiences when approaching molecules. Secondly,
the children were able to generalize their experiences and apply them to other contexts.
Thirdly, the children needed time to process the content and then ask questions.

Therefore, the use of children’s questions as a strategy for supporting young students’
understanding of scientific concepts is suggested as a useful pedagogical tool. As pointed
out by [24], it is not enough that children participate in science activities; their teacher
needs to engage them in discussion and problem-solving situations to find answers to the
questions posed that are meaningful for them.

A suggestion for future lines of research could consist of follow-up interviews with
the children participating in the activity in order to expand on the children’s explanations
about their questions and try to understand where they come from.
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Abstract: Research in early childhood education acknowledges the multimodal nature of learning,
and the need to equip young learners with the abilities to encounter future communication and
learning challenges is imperative. Drawing can play a crucial role in children’s learning in general
and contribute to science learning in particular. In this paper, we study the drawings that young
children (aged 4-6) produce during a teaching intervention about the change of state of matter. The
research adopts a sociocultural perspective, considering drawing as a mediating tool to support
children’s meaning-making and learning process. The objective is to understand better the type of
drawing situations that can be proposed to young children in science and the scaffold these drawing
tasks might provide to support meaning-making in science. Results show that children use iconic as
well as symbolic modes of representation depending on the situation and that the resources available
can have an impact on how children use different symbols.

Keywords: early childhood science; drawings; symbolic representation; iconic representation; young
children’s ideas; change of state

1. Introduction

Considering learning both a meaning-making and a participatory process at school
and in other contexts of children’s everyday life, emphasis is placed on the study of
the various modes or «languages» that can support this learning process. Drawing can
be considered one such language, which is why it is often a popular practice in early
childhood education (ECE) [1]. Drawing is an activity that children are introduced to at
a very early age. According to Hope [2] (p. 3) «the word ‘drawing’ is one of those action
words which can describe both a product and a process. “To draw’ is to purposefully
make a mark; a ‘drawing’ is the result of that mark-making». Research studies [3,4] have
shown that drawing is more complex than mere mark-making, as representational drawing
implies that children have realized the concept that pictures can be symbols that stand
for something. «In contrast to the rules of phonetics, drawing is open-ended and offers
children a flexible means of representation and communication» [5] (p. 182). Children
use drawing to represent knowledge, experience, and emotions to create a meaningful
whole that combines diverse elements of their experience. To accomplish this, they have
to select, interpret, and reform these elements [5]. Drawing can be used actively and
dynamically to support, develop, and expand thinking and learning. The creation of
improvised symbols and their adaptation and use in more complex graphic representations
in the classroom reflect a dynamic process through which children become aware of their
representational abilities [6].

Drawing is also used as a means for eliciting children’s ideas in the field of Early
Science Education [7,8]. Research on how children explore concepts and phenomena from
the natural world indicates that children document their ideas and experiences by drawing
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to become involved in scientific thinking. Drawing is usually used during classroom
inquiries, where children may draw to record data they have encountered in books, on the
internet, and by observing the natural environment [5,9,10].

Drawing can provide an insight into children’s ideas, can develop representational and
symbolic abilities, and can extend children’s thinking; by achieving this, it can help children
build a foundation of visual literacy [7,11]. Having in mind that educators need to equip
young learners with the necessary abilities to encounter learning challenges, we suggest
that drawing, having the characteristics of a visual language, can serve as a mediating tool
for knowledge construction and, in particular, the development of symbolic representation
in science. Science often involves the study of non-observable entities; therefore the use
of symbols and the development of representational competence can enhance children’s
scientific learning.

Within this context, this paper addresses the following research questions:

e What mode of representations are used by children to communicate meaning in
different drawings during a science activity?

e  Which symbols do children create through their drawings when different semiotic
resources are made available?

The objective is to understand better the type of drawing situations that can be
proposed to young children in science and the scaffold these drawing tasks might provide
to support meaning-making in science.

2. Theoretical Framework
2.1. Drawing and Meaning-Making

Within a sociocultural framework, knowledge is not considered to be acquired pas-
sively by children. Instead, children are considered as active agents, and learning is seen as
occurring through children’s participation in various activities in the context of social inter-
actions and cultural tools, which serve as mediating components that transform knowledge
and create meanings [12,13]. Drawing is an ordinary activity for preschool children, and they
use it extensively at school, in play, and in other daily activities at home [5]. Documenting
their experiences and understandings through visual representations, including drawings
and photos, is a common practice in ECE, which supports young children’s learning [14].
Furthermore, drawing activity is considered important for the development of children’s
symbolic competences and for leading “to the further development of abstract thinking,
imagination, and logic reasoning” [15] (p. 151). Wood and Hall [16] (p. 270) assert that

drawing is much more than a pre-writing skill, or a developmental transition from
‘drawing things to drawing speech’. The focus is on understanding the more complex
purposes that drawing fulfils for young children, as an intrinsically valuable form of
abstraction and communication, as a social practice, and as a symbolic means of bridging
home and school contexts.

van Oers [17] used the term semiotic activity to describe the process of meaning-
making, which is carried out through symbolic systems highlighting the interrelationship
between iconic and symbolic thinking. He pointed out that “schematic representations
(like drawings, for instance) are often used as a starting point for the semiotic activ-
ity of young children, as they can be used as meaningful objects of conversation” [17]
(p. 239). This is shared by Brooks [18], who argues that drawing includes a child’s efforts at
abstraction; reflecting on their own representations usually allows a child to elaborate their
ideas further.

Much of the research in the field of sociocultural approaches looks at children’s
drawing as a symbolic activity that supports learning and therefore needs to be recognized
in early education [5,18-20]. Supporting the social genesis of drawing activity, as a learning
process that is not accidental but occurs in the context of actions that are meaningful to
the child, Longobardi et al. [21] (p. 1) argue that “the emergence of mental representations
and, thus, the ability to use a signifier to evoke meaning, would not seem to be compatible
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with an activity that stimulates the pleasure of mere exercise”. Starting from scribbles, they
argue that children’s drawings increase in complexity and that there are “important parallel
transformations between the development of drawing skills and language development.
Thus, we can witness a reorganisation of both the child’s language system, which allows
for better communication effectiveness, and graphical system, with the appearance of
figurative schemes” [21] (p. 7).

By acknowledging drawing as a language (meaning, a communication and thinking
tool), it becomes a fundamental mediating system for knowledge construction. Learning
occurs in the context of actions that are meaningful to the child; no activity is meaningful
in itself but only when linked to relationships with others or tools [13]. Children’s drawing
activity, when perceived as a social practice, can help educators and researchers realize
the way children move from accidentally making marks on paper to conscious semiotic
actions [22]. Moreover, when there is an appropriate response to children’s drawings, e.g.,
appreciation, recognition, or reward from teachers, classmates, or parents, children receive
a very important message: that they have achieved a representation that is acceptable and
understood by those around them [22].

2.2. Drawing and Pictorial Representation of Science

We have been highlighting the interest shared by many researchers to consider the po-
tential of drawings as a tool for constructing and sharing meaning for young children [1,3,5].
Fewer researchers have been interested in drawings related to a specific content knowl-
edge [8,23]. There are arguments supporting the contribution of drawing to science learning;
Areljung et al. [24] (p. 2) pointed out that drawing may support children’s conceptual learn-
ing in science by making their understanding explicit, can serve as evidence or indicate
their conceptual knowledge and progress in science, and can facilitate communication of
knowledge in science as well as the development of visual literacy in science. Drawings
are used by children as a tool to understand and represent important elements of their
knowledge and experiences. In addition, drawing contributes to document-specific science
content, «<spanning from small organisms to astronomical objects, as well as to visualise ‘the
invisible”» [24] (p. 1). Areljung et al. [7] used the term “emergent disciplinary drawing” to
describe children’s attempts to draw using science-specific forms of visual language (p. 924).
In their research, they used the following categories to describe how children represent
science content: theory (general aspects from a scientific point of view), context (content is
placed in a setting), event (movement or processes), art, person, and culture (pp. 913-14).
Monteira et al. [20] also used coding categories for the analysis of children’s drawings: modal-
ity (scientific and non-scientific), point of view (interactive meaning), salience, information
value (position in the center or sides), and framing (compositional meaning).

Regardless of the various categorizations that can be introduced by studying the
content of children’s drawings in science, a basic distinction concerns the symbolic and
iconic nature of pictorial representations in science, depending on how abstract they are or
how realistic they are. Schnotz [25] introduces the categories of descriptive or depictive
representations of science. Descriptive representations do not intend to have a specific
structural similarity with the content matter or the object represented; they consist of
symbols describing an object. In contrast, depictive representations show similarities with
the object they represent. Another way of considering drawings in science is the categories
of Niegemann et al., cited by Opfermann et al. [26], which distinguish realistic pictures,
analogy pictures (e.g., a circuit of cars traveling bumper-to-bumper to depict an electrical
circuit) and logical pictures (such as diagrams or graphs). Realistic pictures refer to the
category of depictive drawings. The advantage of such visual representations is to present
concrete knowledge; however, the realism of the drawing can also become an obstacle when
too many details of a complex object can distract learners or stress cognitive capacities.
Analogy pictures (depicting content with an analogy) and logical pictures (depicting
content schematically) use symbolic representations and are more suitable to represent
abstract concepts. However, this also requires a certain familiarity of the learner with the
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conventions of how to understand such representations. In a classic semiotic perspective,
Peirce [27] distinguishes symbols and icons. Icons refer to images that represent reality
by capturing the distinctive features of a phenomena and, as such, serve as prototypes
of that kind of phenomena. DeLoache [28] proposes the working definition of a symbol
as “something that someone intends to represent something other than itself” (p. 66).
Symbols are arbitrary but hold a conventional relation to what they refer to. As a result,
the recognition of a symbol is linked to the use that is made in a given context in order
to refer to a specific concept. Science teaching is specific in that sense because it requires
navigating between observable experimental situations and abstract entities that are not
perceived directly [29]. Representing science therefore requires navigation between iconic
and symbolic representations.

When children learn science, they have to learn to explain a world that they can
see, touch, or feel with models using abstract concepts [29]. When children draw, they
produce and compose a variety of signs to generate the meaning they intend. To do
this, they need to respond to design challenges, such as representing three-dimensional
objects or projections in a plane surface [30], movements, and modifications; thus, they use
different symbols or make substantial abstractions [31]. As such, when children draw in
science, they have to learn how to interpret and produce various signs that represent the
abstract concepts of science and navigate between descriptive and depictive representations
of science. Engaging in drawing activities in science can help children to gain a better
understanding of science [4]. However, with our focus on science in early childhood
settings within a socio-cultural perspective, we move away from the question of science
drawing according to a normative perspective; the objective is to ensure that children
acquire the rules of formal scientific representations. This is not intended to “score” as
incorrect and correct the representations of young children in science, nor is it intended to
indicate which representations are “valid” in terms of detail, accuracy, and correct sequence.
Our objective is rather to study how young children define their own rules of representation
for meaning-making in science and how these representations hold the potential for the
teacher to develop a first disciplinary affordance in science. In this perspective, examining
children’s drawing activity as a meaning-making process, i.e., as a symbolic activity, we use
the concept of change of state of matter to present the continuum that exists between iconic
and symbolic representation in order to facilitate teachers’ use of children’s drawings as a
learning tool of science.

3. Context of the Research: Drawing and Young Children’s Understanding of the
Change of State of Matter

The present research was developed in the context of teaching young children about
the concept of change of state of matter (melting and freezing). It is based on the ideas
supported by many researchers in early science education [32-34] that young children can
observe and describe phenomena and are capable of developing initial knowledge about
scientific phenomena. Therefore, early science activities lay the foundation for more complex
ways of thinking. The concepts of melting and freezing are interesting phenomena to study
because they are often part of children’s everyday experiences and easy to experiment with.
At the same time, they are phenomena that require bringing together concepts of time,
temperature, transformation, conservation of matter, and reversibility and are therefore
complex to comprehend. Few studies address this issue with preschoolers [35-37].

Rahayu and Tytler [38] refer to the concept of substance and the idea of its transfor-
mation and suggest a focus on changes of state in order to teach about materials in early
primary years. Young children may be familiar with the melting process, e.g., acknowledg-
ing the melting of ice cubes in liquids, and therefore assume that melting always produces
water; however, it is not possible to generalize the process for all materials [39]. Sensory
experience plays an important role in the change of state phenomena, without taking into
account the conditions under which the change of state takes place [37,40]. Children also
usually use the terms hot and warm as synonymous and therefore do not differentiate
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between temperature levels. As well, they often confuse the concepts temperature and
heat [41,42]. In addition, they attribute thermal properties to the materials from which the
objects are made; they do not easily comprehend the concept of heat equilibrium [37], and
understanding the use of the thermometer appears to be quite challenging [43]. Despite
the differences among specific topics and methodological choices of the above studies, they
all point to the fact that children can develop an interest in the issues from an early age.

However, we want to bring forward the specificities related to drawing objects that
are melting. First of all, this requires that the concept of matter should be considered
independently of the object [38]. Thus, for young children, the change of state raises the
question of the conservation of matter and consequently how the object changes with time.
Moreover, it is difficult for children to recognize the link between the state of a material
and its temperature as well as the idea that objects placed in a given environment will
all have the same temperature as that environment after a certain time [42]. Generally
speaking, representing a change of state, and in our case, the phenomenon of melting,
raises several questions. The first concerns the method of representing the transition from
a solid state (an object with its own shape) to a liquid state, in which the initial object is no
longer recognizable and no longer has its own shape. The second concerns a simultaneous
representation of a reduction of matter in the solid state and an increase in matter in the
liquid state. The third question is related to the notion of temporality and concerns the
moment or moments to be represented in an initial state, multiple intermediate states, and
a final state. Finally, the question of representing the change in temperature that comes
with the change of state is also difficult to consider for children that are not familiar with
formal temperature measurements using thermometers. It is all of these parameters that
we are interested in regarding the children’s drawings.

4. Methodology
4.1. Research Design

In order to explore the way children express meaning with symbolic and iconic
representations in drawings produced during science activities, we will present drawings
from a broader project concerning children’s understanding of the change of state of matter,
specifically melting and solidification [36,44]. The context in which the children’s drawings
were created was a story narrated to the children by their teachers, and the drawings were
produced in the classrooms. The story was developed by the researchers and had no prior
illustration. This provided a meaningful context in which young children were encouraged
to reflect on the role of temperature in the state of different materials and on a first idea
that each of the materials retains its essential identity in the change of state [36]. The full
teaching intervention based on the narrated story comprised 5 lessons, each engaging
children to produce representations related to the story. The story also engaged children in
an experimental challenge to solve a problem. In summary, the story was as follows: In
the imaginary environment of a “Land of Warm”, a prince posed a challenge: to bring him
an ice lolly, a butter star, and a chocolate heart. A girl believed that she could find these
objects in the “Land of Cold”. Though she found the requested materials in the “Land of
Cold”, on her journey back to the “Land of Warm” they melted. The story content and the
science content were connected so that the children were actively engaged.

In this article, we will focus our attention on 2 drawings. Each drawing was proposed
on a document with a scaffolding of the drawing task (Table 1):

Drawing 1: Drawing based on prior knowledge and imagination (Table 1a)—The story-
telling engages the character in an imaginary journey from a “Land of Cold” to a “Land of
Warm”, with objects made of different materials that children are encouraged to draw at three
moments of the journey. This drawing is based on prior knowledge that children have about
melting and is proposed in order for children to express their initial ideas.

Drawing 2: Drawing based on observation (Table 1b)—Children conduct an exper-
iment to reproduce (model) what happens to the objects during the journey from the
“Land of Cold” to the “Land of Warm” and are encouraged to record their observation
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of the melting objects at three moments (initial state, intermediate state, final state). This
drawing is based on observation of the melting phenomena and therefore should reflect
the knowledge constructed after observing the result of the experiment.

Table 1. Documents and instructions given to the children to provide scaffolding for (a) Drawing 1
and (b) Drawing 2.

(a) Drawing 1 (b) Drawing 2

Orawand

Draw what you believe the 3 objects that the prince asked willlook like in 3 different moments of the trip of the girl st out of freezer

‘After she left the Land of Cold ‘Afew days later <..... minutes cereeeeee. MIiNUEES

Draw what you believe the 3 objects that the prince asked for
will look like in 3 different moments of the trip of the girl:
- After she left the Land of Cold
- A few days later
- When she arrived at the Land of Warm

Draw and explain what you observe happens to the 3 objects
- Just out of freezer. .. min (few minutes after)
- When we place out in the warm air. . . min (at noon)
- When we wait. . . min (the following day)

4.2. Research Protocol

The research has qualitative attributes as well as categories derived from empirical
data. Drawings were collected from a group of 28 children, aged 4-5 years old, who
attended early childhood settings in a public school in Patras (Greece), and from a group of
18 children, 6-7 years old, who attended Grade 1 of a primary French school in Singapore.
All children drew following open instructions given by their teachers in the classroom.
The teachers had extensive experience and worked with the researchers to encourage the
children to approach the learning objectives during the activities.

For each drawing, we recorded the elements drawn (e.g., materials, concrete or abstract
signs) as well as the relationships or changes drawn (e.g., connecting lines, shape/size
change) between these elements. We studied the sources of data provided by the drawing
activity and sought to identify the representational mode used by the children. Each
drawing was coded using the criteria of «iconic» when children attempted to represent
distinctive features of reality, physically resembling observable entities, and «symbolic»
when children used signs or symbols to stand for something. The codes were sorted under
categories that served the discussion concerning the use of drawings in early childhood
science education. The study followed thical principles regarding voluntary participation,
confidentiality, and the use of data.

5. Results

The analysis of the drawings highlighted a variety of choices made by the children
to represent the melting process either from their own idea of the melting objects in the
story (D1) or from the observation of melting objects (D2). As mentioned in the research
design section, children had to draw in both drawings the objects that were requested
by the prince in our story: an ice lolly, a butter star, and a chocolate heart. Children
used lines, drops, puddles, etc., to indicate that matter was changing from a solid to a
liquid state. We identified several types of signs used by children, which allowed us to
categorize iconic or symbolic representations in the drawings. Four categories resulted from
the data: (a) drawings that display symbolic representations referring to “conventional”
representations (focusing on symbols that young children usually use), (b) drawings that
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display iconic characteristics (focusing on realistic representations), (c) Drawings that
include a mix between symbolic and iconic characteristics (symbolic and iconic modes of
representation in the same drawing), and (d) children’s production of signs scaffolded by
the resources provided (children developed their own symbolic representation scaffolded
by our documents). Data from all four categories respond to the first research question.
The last category (5.4) includes data that also address the second research question in
relation to the symbols that children construct when different semiotic resources are made
available by the documents used. In this vein, it was made explicit that the specific
research design provided data concerning not only the mode of representations used by
the children to communicate meaning about the specific phenomenon but also revealed the
acknowledgement of basic factors, such as heat, that are implied in the documents used.

The drawings presented below serve as evocative examples that illustrate some signs
used by children. However, it should be noted that the children’s drawings rarely belong
specifically to a “symbolic” or “iconic” category but instead include signs that are associated
with an intention of matching reality or an intention of representing something “other than
itself” [28].

5.1. Drawings That Display Symbolic Representations Referring to
“Conventional” Representations

We identified a first category of symbolic representations in the choices made by the
children to render the melting material with lines and drops. We first focused our attention
on the variations of shapes, sizes, and numbers of lines or drops, as well as the colors
chosen by the children to reveal the melting process. We used the term “conventional”
because this is the type of symbol that young children usually use in their drawings. We
then considered some of the explanations the children provided with their drawings and
how some common obstacles to the concept of melting are expressed by the children.

Figure 1 presents examples of drawings that were categorized as symbolic representa-
tions. In these drawings, the children had to draw the objects of the story exposed to higher
temperatures as they were moved from an imaginary “Land of Cold” to a “Land of Warm”
(from left to right on the drawings). We noted a change in the size of the objects (GC17
and FC3), with drops expressing the melting process. In the four drawings presented in
Figure 1, the melting is depicted with either drops (GC17, FC3, and FC19) or lines (GC25).
Such signs do not belong to what can be observed but instead refer to a certain convention
of representing drops or rain, evoking the idea of liquid in a common drawing repertoire.
There is an interesting choice of symbolic representation in FC3, where the number of
drops increases as the objects are melting. In all of the drawings presented in Figure 1, it
is also interesting that the lines and drops used by the children to indicate the melting of
materials are the same color as the material. One could argue that conservation in color
may be an initial statement of conservation of the material. This is not always the case,
and several drawings from our sample also show different colors for the same object at
different melting stages (see, for example, Figure 2, GC12 or GC21).

In the last step of the journey, in several drawings, the objects change and are no
longer recognizable, with a significant change in shape. In some drawings (such as GC17,
Figure 1), the melted ice lolly is depicted as a puddle in which the popsicle stick floats.
Children used elements of the context, such as the stick of the ice lolly, left after the ice lolly
has melted. In drawing FC19 (Figure 1), the child even used a stick for all three objects,
which acts as a signifier of what melts (the chocolate heart, the butter star, and the ice lolly)
and what does not melt (the stick).

It seems that children “modify” in their drawings in terms of the color and the shape
and size; that is, they use all the important elements of a drawing in order to express the
meaning they intend.

Subsequently, we also focused our analyses on the complementarity between the
symbolic representation chosen by the children and the comments made by the children
(either oral comments written by the teacher or directly recorded by the children). In
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particular, we highlight the obstacles to understanding the concept of melting that can be
identified from the choices of representation and the meaning expressed by some drawings.
In Figure 2, drawing GC21 is interesting because it shows the melting process through
the change in the size of the object. The child comments “at first it’s regular, then it’s half
because it had melted and eventually it became quite small”. However, such a drawing can
indicate a focus on the appearance of the object rather than its material composition [38].
A common misunderstanding about melting is also clearly expressed in drawing FC5
(Figure 2). The drops and pools coming from the melting objects are all drawn using the
same color, independently from the color of the object melting. The child writes a legend
indicating it refers to “small water drops, small water pools”. This drawing illustrates the
idea suggested by McKeon [39] that some children “consider that melting always involves
water and that melting materials such as wax or butter produce water”. Finally, for GC12
(Figure 2), we note that the initial objects (placed at the right of the drawing) present a
meticulous and colorful design, with a rainbow for the ice lolly. The shape and filling of the
object become distorted, with a uniformed color choice for all three objects at the end (left of
the drawing). The child’s comments allow us to understand that he drew lines to indicate
that the objects melted and, in the end, “melted and turned to ashes”. We identify here
a good example of a confusion between the physical process of fusion and the chemical
process of burning [38]. These drawings highlight previously reported obstacles in relation
to the conceptual understanding of the melting process and more generally of matter and
physical change. However, this supports the idea that they are useful tools that the teacher
can use to provide feedback and help the children in their conceptual understanding.
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Figure 1. Drawings D1 of the imaginary journey from the Land of Cold to the Land of Warm, with
symbolic representations of the melting process of the children: GC17, FC3, GC25, and FC19. * The
abbreviation GC stands for “Greek Child” and FC stands for “French Child”.
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(GC21) (FC5) (GC12)

Figure 2. Examples of drawings expressing meaning-making of the child, which can be an obstacle to
understanding the melting process: drawing D1, GC21 and GC12; drawing D2, FC5.

5.2. Drawings That Display Iconic Characteristics

In this category, we highlight children’s drawings that represent the materials and the
melting process with an attempt to reach a realistic representation. For this, we focus our
attention on drawings that use some distinctive features that correspond to what has been
seen or observed. The drawings are all from the second situation, Drawing 2 (see examples
in Figures 3-5), which is related to the design of the teaching task itself. Drawing 2 followed
an experimental situation and, as a result, children could rely on the observation of the
actual melting of objects to make their drawing.

(FC1) (FC14) (FC6)

Figure 3. Examples of drawings expressing the three-dimensional aspect of an ice cube melting.

(FC1) (FC14)

(FC6) (FC11)

Figure 4. Examples of drawings with a distinctive feature picturing what was observed in the

experiment.

In this attempt to represent what is observed, a number of interesting trends emerge.
These trends are useful for identifying drawing strategies that may be more productive
than others in terms of science meaning-making and that therefore could receive more
support by teachers.
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Figure 5. Examples of drawings with descriptive details of the observed experiment.

The first trend observed in the drawings is related to explicit efforts made by children
to relate their drawing to reality. In other words, we see explicit attempts to draw what was
observed. For example, Figure 3 shows different strategies of children to use 3D drawing
techniques to draw a cube for the ice cube. Other drawings present some structures to
render the effect of volume of the heart shape or star shape. Despite a real difficulty
in drawing skills to draw a realistic representation, interesting solutions are found by
the children to overcome this difficulty, with 3D drawing techniques which are close to
normalized representations of a cube (like drawing FC1) or attempts to show different faces
of a cube (like drawing FC6).

A second trend identified in the drawings concerns the depiction of observed details
that are specific to a unique experiment. Drawings FC1 and FC14 (Figure 4) are good
examples of this. In drawing FC1, the butter star is drawn cut in half. Similar drawings are
found amongst four children working together on the same experiment (FC1, FCé6, FC8,
FC9). In the drawing of child FC6 working with FC1, the child writes “The butter cracked
and it was soft”. That specific experiment effectively had the butter star split in two parts
very quickly. Similarly, the drawing FC14 depicts a flow of liquid chocolate surrounding the
still-solid chocolate heart. Once again, similar drawings can be found amongst the group
of four children (in which FC11, FC12, FC14, and FC16 participated), whose chocolate
heart started melting and flowing along the side of the plate, with a similar pattern to
what is depicted in the drawings. These are interesting pieces of evidence that suggest
that young children are capable of capturing the realistic features of the experimental
situation observed. They were able to represent very clearly a distinctive feature that
links the drawing to reality, which Peirce [27] identifies as the main characteristic of an
iconic drawing.

The last trend that we want to highlight concerns children’s drawings that demonstrate
a clear identification of the observed situation. Similarly to what was highlighted in the
previous section, interesting meaning-making can be expressed when both drawings and
words are used by children to describe what they observe in terms of shape, color, texture,
etc. This description of specific aspects gives more realism to the observed experiments and
captures, in a descriptive way, what was observed with some degree of accuracy, even if
there is a certain distance in the actual realism of the drawing itself. An example of such a
drawing is given in Figure 5. Child GC17 drew and described the ice lolly and “water that
has fallen down” and then “just the stick and water”. For the butter star, “it was as it was
in the beginning, then it was soft and like oil at the end”, and for the chocolate the child
comments “some of the chocolate has melted, then it has lost its shape it is soft and finally
melted”. Child GC25 drew the materials in the plates as observed and commented that
the ice lolly “has melted and flowed (a small line)”, and later “it melted and overflowed”,
with the stick remaining separated. The other materials softened and later melted (oil and
melted chocolate).
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It is interesting to note that the drawings such as the ones in Figure 5 display less
realistic characteristics than drawings such as the ones in Figures 3 and 4. They use more
simple drawing techniques, with 2D, the colors not necessarily matching, lines, and more
approximate shapes (especially the star in GC17). However, the description of the situation
has similar if not more accuracy. An interesting feature used by the children is the analogies
to give more meaning to their drawing and relate to known situations (“like oil” for the
melted butter). Another interesting aspect to underline in the drawings in Figure 6 is
that they have left blank the third part of the melting process for the ice lolly. During the
observed experiment, the ice melted earlier than the other materials, and then nothing
changed in the remaining time. Engaging children to draw iconic drawings could help
them identify what matters in describing and explaining a phenomenon and what details
matter less with respect to that phenomenon. For example, the accuracy of the actual shape
at the start and whether it is a perfect cube, star, or heart is not so relevant. However,
the fact that the objects lose their shape completely as they melt, and with a different
temporality, matters more in the description of the phenomenon of melting. To support
science meaning-making, it is therefore important for teachers to help children focus their
efforts on rendering this “loss of shape” aspect rather than focusing on drawing specific
shapes with realistic accuracy. It actually engages children in an intermediate between
iconic and symbolic representation. Such drawings can then serve as tools to observe a
situation in order to be able to explain the situation.
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Figure 6. Example of drawing with both iconic and symbolic representation on the same drawing
(GC2, drawing 1).

5.3. Drawings That Include a Mix between Symbolic and Iconic Characteristics

The two categories presented above rely on examples of drawings where either the
iconic or the symbolic characteristics were explicitly found on a drawing. However, in
some drawings, both symbolic and iconic modes of representation can be identified in the
same drawing. The drawings reveal that children are flexible in the way they choose to
present something. They take the liberty to stick to reality or interpret reality depending on
the context. In particular, we would like to highlight two tendencies that we identified.

The first tendency is the presence of clues that refer to symbolic or iconic modes of
representation on the same drawings. An interesting example can be observed in the
drawing of GC2 (Figure 6). The child draws the ice lolly melting as if it was running and
changing shape. However, in the same drawing, a more symbolic representation is used
for the melting of butter and the melting of chocolate. A code with lines is used for the
other two materials. In such cases, the ice lolly probably refers to an experience of seeing a
melting lolly, but for the butter heart and chocolate star, the children are less likely to have
the experience of observing melting butter or melting chocolate. The memory they convene
for ice melting does not transfer to other materials. They are trying to represent melting but
come up with different representations. When representing something that is known, such
as ice melting, they have a repertoire that they can use to produce an iconic representation.
The melting of other materials is less commonly observed in children’s everyday life or
even in classroom situations, and as a result, it is not formed in their mental representation
yet. At this point it is interesting to comment that the child uses two different ways to
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represent the melting, which are linked to his experience. Thus, the representation of an
“ice lolly melting” is specific to the ice lolly and not a representation of “melting” in general.

The second tendency was observed when drawings from the same child depicted a
clear difference between drawing 1 and drawing 2 in terms of representation. Considering
the nature of the task for drawing 1 (drawing from imagination) and for drawing 2 (drawing
from observation), it was interesting to observe a shift from symbolic representations in
drawing 1 to more iconic representations in drawing 2.

An example can be found in the drawing of GC16 (Figure 7), where the factor of time
appears to be a relevant element for the child. In drawing 1, the child draws the materials
frozen, then having lost their shape, and finally as puddles that had melted completely,
with a string similarity from one object to another. In drawing 2, while observing the
melting process of each object, there is a variation in the time that each one takes to melt,
e.g., he drew the ice lolly melting, and later, it melted completely and “became juice”, while
the butter at first “did not melt”, then “melted a little”, and then was a “melted liquid”.
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(GC16, Drawing 1) (GC16, Drawing 2)
Figure 7. Drawings of the child GC16.

Another example can be found in Figure 8. In drawing 1, child GC19 draws the
melting process by disfiguring the objects and showing that they are distorting their shape,
with a similar process for all three objects (and three materials). After observing the
experiment, there is a shift in his drawing, with several interesting characteristics. He
introduced a different temporality in the melting process depending on the material, with
both drawings and comments indicating that the ice lolly melted “sooner”, while the butter
and the chocolate “had melted a bit” and “was soft”. Rather than a distortion of shape
used to depict the melting process in drawing 1, he uses lines to indicate that it “melted
and flowed”. However, for drawing 2, it is interesting to note that the child draws lines to
indicate the final phase of melting, but there are drops introduced as intermediates between
the initial state (solid objects) and the final state (lines). Such drawings reveal a flexibility
in the way children choose to present something depending on the context. In this case,
the representation of the initial state and the final state seemed straight forward, but the
introduction of drops to represent the process of melting in itself was a way for the child to
go beyond what was directly observed in the experiment. Children find solutions to the
type of task asked for in the drawing, and even when observing the phenomena, they mix
iconic and symbolic modes of representation to make sense of the phenomena observed.

A last example is presented in Figure 9. In these drawings, we observe a clear shift.
In drawing 1, there is a focus on the story, representing the character of the journey, with
very distinctive features using symbols to render the concept of temperature changing. In
drawing 2, there is an effort to render observed features from the experiment. In particular,
there are attempts to draw a cube for the ice lolly similar to the experiment rather than
a more prototypical rounded shape. As objects melt, they are depicted in a puddle that
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grows in size within a different time frame, depending on the object (the chocolate hearts
melt first).

(GC19, Drawing 1) (GC19, Drawing 2)

Figure 8. Drawings of the child GC19.
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(FC13, Drawing 1) (Experimental situation) (FC13, Drawing 2)

Figure 9. Drawings of child FC13 and experimental situation during drawing 2.

Such results are interesting to bring a reflection on the scaffolding that can be provided
to young children in their drawing and the support it gives to use symbolic drawings or
iconic drawings, depending on the nature of the scientific activity associated.

5.4. Children’s Production of Signs Scaffolded by the Resources Provided

Finally, some drawings revealed interesting propositions of symbolic representations
by the older group of children (6-7 years old). These propositions were neither suggested
by the didactic situation presented by the teacher nor by observations of physical or natural
phenomena. We identified several drawings where children define their own rules of
representation, conveying meaning with a choice of original codes combining conventional
forms of representation. In particular, children transcribed their representation of the
idea of “Land of Cold” and “Land of Warm” (Figure 10). It is important to note here
that the story told by the teacher was narrated verbally, with no illustration to support its
understanding. However, the journey of the main character from an imaginary “Land of
Cold” to an imaginary “Land of Warm” was intended to draw an analogy referring to the
change of temperature with time. As shown in Figure 10, FC13 uses the sun to express
an idea of proportion of “heat”, with a quarter of the sun for the Land of Cold, and a full
sun for the Land of Warm. This symbolic representation brings a numerical dimension
to the change of temperature, conveying the idea that a given temperature is associated
with a given proportion of sun. Interestingly, the choice made by the child is referring to a
scientific conventional representation of pie charts. Other drawings use the size of the sun
as a signifier of temperature, with a sun drawn significantly and consistently larger in the
“Land of Warm” (FC2, Figure 10). Children added objects conventionally referring to cold
and warm temperatures, such as ice cubes and flames (FC2, Figure 10). These drawings
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suggest that the children consider a rise in temperature as a condition necessary to the
melting process.
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Figure 10. Drawing 1 of children FC13 (left) and FC2 (right), with a zoom of the representation of the
sun on each drawing, representing three steps of the journey from an imaginary Land of Cold to an
imaginary Land of Warm.

Some children propose interesting ideas to represent changes in different stages and
over a period of time. In Figure 11, child FC4 draws an accumulation of scribbled lines,
gradually blurring the objects that express in a meaningful way the gradual process of
melting. Another example of a personalized way of expressing the melting process can
be found in the drawing of child GC13 (Figure 11). This child first draws the materials
indicating that they are all cold and solid; then, she draws the chocolate heart in half,
expressing that “it melted slowly slowly”, and only draws the stick from the ice lolly. For
the last step, GC13 draws only drops to show “they melted, they became drops of liquid”.
Two ideas are interesting here. The passing time is explicitly expressed by the child, and
the idea that different materials might not take the same time to melt.
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Figure 11. Drawing 1 of children FC4 (left) and GC13 (right) representing three steps of the journey
from an imaginary land of cold to an imaginary land of warm.

The last interesting feature that we want to highlight relates to the focus of the drawing
chosen by the children. In particular, some children choose to draw the character of the
story holding the objects as well as the objects melting. In Figure 12, child FC15 draws the
character of the story in her journey, holding a drawing that depicts the objects melting.
Symbolic representations of drops already described in Section 5.1 are used. But it is
interesting to note that the melting process is observed through the eyes of the character of
the story. In the case of the child (GC8), the character of the story holds the objects in her
hands first “without melting”, then using lines because they “melted a little”, and finally
with an undefined shape because they “melted so much”. The comments say “The girl left
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delighted with what the prince asked for without having melted, then they melted a little
and then they melted too much”. FC15 uses the absence and different size of the sun to
indicate the temperature change. GC8 and FC1 divided the worksheet into more sections
than originally planned. Two timelines are functioning in parallel. The bottom part depicts
the journey of the girl, and the top part depicts what happens to the objects themselves
during this journey.
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Figure 12. Drawing 1 of children FC15 (left), GC8 (middle), and FC1 (right), representing three steps
of the journey, with a focus on the character of the story.

6. Discussion

Through their drawings, children intentionally elaborate on previous experience and
express new ideas. Their early endeavors «reveal their ability to make, either explicit
or implicit, choices in expressing and communicating what is salient and essential for
them» [31] (p. 2). In this study, we sought to highlight the importance of using drawing
to reveal children’s rich repertoires of signs and symbols in science. Using melting as a
science subject, we asked young children to draw, linking their drawings to two different
tasks: the narration of a story and the observation of an experiment.

6.1. What Mode of Representations Is Used by the Children to Communicate Meaning in Different
Drawings during a Science Activity?

Concerning our first research question, we showed that the context of the drawing
triggered different representational modes. In most of the first drawings, which were
linked to the story and in which children had to put forward their experience as well as
their imagination, they used a symbolic mode. In most of the second drawings, which
were linked to the observation of an experiment, children used an iconic mode. We mainly
used the distinction between the iconic and the symbolic mode of representation in order
to highlight the connection with the scientific content. We did not carry on with further
subcategories describing the drawings, such as actions, events, persons, or point of view,
which often overlap, as the purpose of the drawing was specific and was related to the
nature of the task (storytelling and observation). Therefore, we identified entities or
processes represented through iconic and symbolic modes in children’s drawings, which
were classified into four categories as presented in the results.

More specifically, the first category refers to drawings drawn by the children using
symbolic representations and signs, which can represent a “conventional” drawing reper-
toire (drops, lines) including variations of shapes, sizes, and colors chosen. At the same
time, drawings where children were able to use elements of the context (stick of ice lolly)
to convey their ideas were also classified in this category. The freedom provided by the
drawing seemed to make it easier for some children to express their way of thinking about
the phenomenon and to reveal the difficulties in their conceptual understanding of melting.
For example, some children revealed their ideas concerning melting as a change of the
materials’ size, as burning, or as a procedure resulting in water production, which are
ideas found in the literature [38,39]. The drawings of the second category had more iconic
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characteristics, which indicated that when children observe the phenomenon they can focus
on specific elements and attribute details in their drawing (e.g., the material that softened
before melting, the butter that is like oil, the time it takes for each material to melt). It is
worth noting that in the second drawing there is the illustration of the final stage of melting
in two ways: as a line (which probably responds to a side view) or as a puddle (which prob-
ably responds to a top view) (Figure 5). Therefore, depending on the nature of the task of
drawing, the first category included more drawings from the first task (imaginary journey)
while the second category included more drawings from the second task (observation).
This finding is aligned with other studies that report children’s increasing awareness of
what constitutes a science representation, when science is represented as content reduced
to its most general aspects in terms of detail, color, shape, and setting [7,14,20]. As already
mentioned, the categories relating to the content of a drawing are often not exclusive, but a
drawing may include elements from different categories and modes. The third category
reflects this flexibility in children’s drawing depending on the context. The same child in
the same drawing may use both modes or move easily from one mode to the other, using
as many elements of a visual language as possible to clearly state what he or she is thinking
and observing. This dimension of children’s drawings was also expressed by Deguara and
Nutbrom [1] and Areljung et al. [7]. This variation also shows the possibility of both modes
being used by teachers. The last category included the drawings where children choose
their own codes of representation, as the narration of the story in which the drawings were
integrated allowed the children to be more actively involved and communicative. The
story creates a context in which each child could use the collective meaning to elaborate
and bring to the fore the individual [45]. Storytelling engages children’s interest in the
science topic by providing a context, stimulating the children to share some ideas and
using language that is within their experiences [46]. Teachers use stories that emphasize
particular aspects of a phenomenon or that are open-ended so that the children can develop
their own ideas [36,47]. What is particularly interesting is that the children found new ways
to represent factors in the story, such as the change in temperature and the time passing.
The question of passing time was transferred to the question of travelling a distance, which
could be easier to grasp for young children. This journey was sufficiently evocative for
children to express meaningful ideas about melting.

6.2. Which Symbols Do Children Create through Their Drawings When Different Semiotic
Resources Are Made Available?

Although the decisions about how to represent each element were made by the
children, the specific documents provided to children in order to draw played a crucial role
in these decisions. An interesting aspect of this research is the acknowledgement of the use
of various symbols because of the scaffolding provided to the children by the documents
used. For example, the fact that it was decided by the researchers to capture three different
moments of both the journey and the observation of the phenomenon may have in a way
suggested to the children the idea of a process in time or a change. Monteira et al. [14] refer
to “structural scaffolding”, describing those elements included by the teacher as part of a
template. As the process of representing involves the choice of semiotic resources, teachers
may convey representational conventions through the semiotic resources they provide [7].
In our study, several children in their first drawing, guided by the documents, decided
to identify more specifically each phase of the drawing; they used different symbols for
cold and heat, such as different proportions of sun, ice cubes, and flames (FC2, FC13), or
they drew a dividing headline with the differentiations of the melting process (FC1). They
developed their own symbolic representation to express the idea of temperature levels
from colder temperature to warmer temperature. These ideas have been found difficult to
identify for young children in previous research [41,42].

In this perspective, science drawings of young children are considered as a means
to grasp first disciplinary affordance with the use of signs that bear the potential to rep-
resent observable experimental situations and abstract concepts of science (arrows, small
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diagrams, chosen schematic representations, etc.). Airey and Linder [48] (p. 99) define
disciplinary affordance as “the agreed meaning making functions that a semiotic resource
fulfils for the disciplinary community”. Of course, what is referred to as a disciplinary
community in the previous quote does not suggest the same objects for the physics concepts
at the university level as studied by Airey and Liney [48] as for preschool children’s early
initiation to science. But we argue here that it is meaningful for young children to be guided
in a meaning-making process that can help them gain a first understanding of a physi-
cal concept. This proposition is following previous work on young children’s learning of
physics concepts with support from the teacher and appropriate teaching interventions [49].

Drawing has culturally and socially transmitted conventions, which children come to
know by imitating or reproducing the graphic models available in their everyday life [50].
By combining their own symbols with symbols they are familiar with from their everyday
environment (numbers, letters, traffic signs, etc.), children develop codes, which they adapt
and improve. In other words, they gradually seek to improve communication by following
conventions and developing their ability to represent. At the same time, the deliberate
effort to represent specific elements of a phenomenon or various relations and changes
demands increased mental activity from children. If we accept that children’s engagement
with drawing is not fixed but constantly evolving, it is important that children are able to
participate in a variety of drawing activities (where semiotic resources may be provided
or not) in which they have the opportunity to further explore the relationship between
symbols and meaning.

6.3. Limitations

The study has limitations that should be considered in relation to future research. As
is the case in most qualitative research, the number of participants from each country is
limited; therefore, further investigation is needed for different classroom contexts, cultures,
and ages. In addition, using drawing as a research method has challenges when analyzing
and interpreting the visual documents. Considering this, in an effort not to shift the focus
away from the mode of representation, we did not analyze the dialogues between children
or teachers; perhaps this choice limited the possibility of capturing the richness of all
children’s ideas. Finally, it should also be considered that though drawing is a useful tool,
it can be complementary to other ways of communication or classroom practices; thus,
the teacher’s attitude plays an important role in encouraging children who might have
difficulty to express their views fully, especially if they do not have advanced design skills
or enjoy drawing activities.

7. Conclusions

The analysis of young children’s drawings showed that children find solutions, some-
times unexpected, to produce effective representations. In other words, they use signs that
can be symbolic or iconic so that certain characteristics of their drawing are recognized with-
out ambiguity. Thus, we consider that the use of drawing in science with young children
allows them to express a greater variety of ideas through conventional and unconventional
signs and symbolic resources.

When we discuss the use of drawing in science education, we have to bear in mind
that teachers have an additional challenge to overcome. The desire of children to draw as
closely as possible to reality a concept or phenomenon poses difficulties and often obscures
the real understanding on the part of the child. The teachers need to help children in the
context of the representation of scientific concepts to understand that it is the representation
of the essential elements that contributes to understanding, thereby helping children to
identify the key features of a situation and not become trapped in trying to depict a real
picture. The use of relevant sources can therefore contribute in this direction. Often what
we observe happening in classrooms is contradictory: on the one hand, the drawing is used
extensively in the classroom for various reasons, and on the other hand, it does not seem
to receive the proper amount of attention from teachers [22]. As Imafuku and Seto [51]
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argue, representations and images are related to children’s drawing activities, and drawing
is thought to involve complex cognitive abilities. They claim that representation ability
and imagination are the cognitive bases of children’s drawings. Considering the fact that
language and representational abilities are learned in the context of relationships with
others, drawing may also develop in the classroom context. In this perspective, drawing
activity is not only a way that children use to express their ideas, it is much more: itis a
language that has potential and can evolve. It is a visual language and can be a powerful
learning resource if used appropriately in the classroom [18].

8. Implications

It is necessary to adopt strategies in the classrooms that do not hinder children’s
expression and communication through drawing and instead enhance them. Inadequate
materials, limited time, strict guidance, and pointless judgement of drawing ability are some
of the practices of teachers that do not contribute to teachers’ appreciation of drawing as a
learning tool [22] and acknowledging the essence and importance of drawing as a language.
It is a challenge for a teacher to be able to be a genuine supporter of children and at the same
time a guide. Acknowledging that children know more than they usually say, drawing is an
effective strategy for eliciting children’s thinking and therefore a valuable tool for planning
teaching and learning. In this perspective, teachers should a) better understand how
children use drawing (expressing ideas, constructing meaning), b) select which aspects
of symbolic activity to reinforce in the classroom, and c) use drawings to monitor the
development of symbolic competence. Educators who reflect on young children’s drawings
can consider what kinds of visual representations need to be encouraged with further rich
curriculum content.
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Abstract: In this study, we report on a case study of two Swedish preschool teachers’ first experiences
of teaching sustainable development goals through the innovative use of augmented reality. Their
statements about thematic work, children’s agency, teachers’ perspective, and augmented reality
were analysed qualitatively through a theoretical framework based on transduction and place. The
innovative use of augmented reality related to the importance of children’s agency in their exploration
of local places associated with sustainable development goals is elaborated on, especially with the
value of treating augmented reality as a ‘what’, or content, in teaching before it can be used as
a ‘how’, or tool, for teaching sustainable development. It is seen in this exploratory study that
transducing meaning between different representations such as physical places and the sustainable
development goals in augmented reality applications opens up fruitful discussions regarding, for
example, democracy aspects and source criticism between children and preschool teachers. Results
indicate that the introduction of augmented reality technology is also worth pursuing in early-
year teaching.

Keywords: preschool teachers; sustainable development; augmented reality; transduction; place

1. Introduction

Digitalisation is nowadays a natural part of society and as a result, it has gained an
increasingly prominent place in early childhood education around Europe. However, even
though the use of augmented reality (AR) has increased in the field of education, only
a very limited number of studies have been carried out in preschool [1,2]. Furthermore,
studies reporting on the views of preschool teachers on working with AR are lacking. In this
article, we report on an exploratory case study of the experiences of two preschool teachers
in teaching sustainable development with AR in Sweden. The content of sustainable
development was found to fit well with the aim for digitalisation in the current national
curriculum for preschool in Sweden.

Education should also give children the opportunity to develop adequate digital skills
by enabling them to develop an understanding of the digitalisation they encounter in
everyday life. Children should be given the opportunity to develop a critical, responsible
attitude towards digital technology, so that eventually they can see opportunities and
understand risks, and also be able to evaluate information [3].

Additionally, sustainable development has its base in critical reflections and the
question of how we can meet today’s human needs without compromising the ability of
future generations to meet their needs [4]. The idea is often described as having three
dimensions: economic, social, and ecologic. In 2015, all the countries in the United Nations
adopted the 2030 Agenda for Sustainable Development. The 17 goals seek to end poverty
and hunger, realise human rights, and ensure the protection of natural resources on the
planet. In 2022, a report was launched by the Stockholm Environment Institute and the
Council on Energy, Environment, and Water with recommendations for actions guided
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by 27 experts in sustainable development. One of the ten key statements addresses that
human-nature connectedness should be strengthened in social norms and how we live
our everyday lives (e.g., by increasing nature-based education for children and youth).
Education, from pre-school to higher education, has been recognised as a key factor in
the development of a life-long engagement with sustainability, and transformation, or
system changes, is necessary [5]. In line with this, five priority areas in education for
sustainable development (ESD) were highlighted in UNESCO’s Global Action Programme:
(1) advancing policy; (2) transforming learning environments; (3) building capacities of
educators; (4) empowering and mobilising youth; and (5) accelerating local-level actions [6].

1.1. Sustainable Development and Digitalisation in Swedish Preschool

In Sweden, preschool is part of the educational system as a voluntary form of school
for children from one to five years of age. According to the statistics, nearly 86% of children
in that age range participate, and the cost is nationally subsidised. Preschool teachers
(3.5 years university study) are responsible for pedagogical activities, aiming for play and
learning in content areas described in the national curriculum for preschool [3]. In the
latest version of the curriculum, there is an increased focus on several aspects of sustainable
development (SD). Examples of what the preschool should provide each child with the
conditions to help them develop, and related to the present study, are:

e An understanding of democratic principles and the ability to cooperate and make
decisions in accordance with them;

e A growing responsibility for and interest in sustainable development and active
participation in society;

e Anunderstanding of how different choices people make in everyday life can contribute
to sustainable development;

e Anunderstanding of relationships in nature and different cycles in nature, and how
people, nature, and society affect each other [3].

There are also several goals related to digitalisation:

e Aninterest in stories, pictures, and texts in different media, both digital and other, and
their ability to use, interpret, question, and discuss them;

e An ability to explore, describe with different forms of expression, ask questions, and
discuss science and technology;

e  An ability to discover and explore technology in everyday life [3].

It is further expressed that the work team should “create conditions for children to
develop their ability to communicate, document and convey occurrences, experiences,
ideas and thoughts using different forms of expression, both with and without digital
tools” [3].

Hence, Swedish preschool is goal-directed, which indicates a continued development
of early childhood education didactics [7-10], with didactic in the Scandinavian sense,
meaning that teachers develop knowledge of both the content in focus and how to pro-
vide favourable conditions for children’s learning [11-14]. The argument for science by
Fleer, "The challenge goes beyond content knowledge to teacher beliefs and pedagogy
practices” [11] (p. 1074), still holds.

1.2. Thematic Teaching

The didactic of combining two or more different contents in teaching is well-established
in the Swedish preschools’ tradition of thematic teaching, where the contents are contex-
tualised and studied for an extended time. Teaching with a thematic approach entails
including the children’s experiences and specific situations [15,16]. Hence, the teaching
would strive to acknowledge the children’s perspectives and relate to the everyday phe-
nomena that they are interested in [17]. Here, we adopted the classification scheme for
thematic teaching in early childhood introduced in [16], consisting of the constructs multi-
disciplinary, interdisciplinary, and transdisciplinary teaching, from the literature on STEM
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(Science, Technology, Engineering, and Mathematics) education cf. [18-20]. A multidisci-
plinary approach means that concepts from the included content areas are taught separately,
in other words, AR and ESD would be taught at different times, and the integration and
thematic application would be more or less left to the children on their own. The inter-
disciplinary approach is characterised by content from different areas being intertwined
and linked during teaching. In our case, this would entail that AR and ESD are taught
simultaneously and thematically applied in a second step. The transdisciplinary approach
takes the thematisation a step further, with concepts and skills being taught based on a
real-world situation. The first step would be to select a phenomenon to investigate and
learn about, and the second step would include the contents in AR and ESD and intertwine
problem-solving and teaching.

1.3. Transduction and the Importance of Place

As stated above, transforming learning environments, empowering and mobilising
youth, and accelerating local-level actions are all strategies in UNESCO’s Global Action
Programme (2020). They all involve the important aspect of place because, as commented
by Geertz [21], “[N]o one lives in the world in general” (p. 259). Places are profoundly
pedagogical as centres of experience, where our identities are shaped and where we learn
about how the world works [22]. Casey [23] emphasises the deep connection between
place and self when he states, ‘there is no place without self and no self without place’, and
Scott [24] expresses that a sense of place represents the vital link between where we live
and who we are.

The meaning of place, however, varies across different disciplines. Hence, from an
ecological standpoint, places are alive, while from the mathematical or computational
point of view, place could be a point or a screen. From a model-based view [25], or
viewed from a cultural or psychological perspective, one person’s experience of a place
would depend on prior experiences and might be different from another person’s (i.e., one
would experience different ‘places’). Griinewald describes the problem with traditional
schooling not recognising the importance of experiencing places. He discusses that places
are produced by people, but at the same time, places introduce certain ways of thinking
about the world. To address this issue, Griinewald proposed a critical pedagogy of place, a
pedagogy that relates to the students” experience of the world and improves the quality of
life for people and communities [26]. This critical pedagogy is ecologically as well as socially
grounded and emphasises our relationships to each other and to our socio-ecological
places. Furthermore, the critical pedagogy of place aims at teachers and students taking
social action to improve the social and ecological life of both local and distant places [26]
(Griinewald, 2003b), and can thus be viewed as a pedagogy for sustainable development.

In order to help learners make fruitful connections between teaching content and
different places, the use of representations and different semiotic resources has become
part of the teaching process. Tytler and Prain [27-29] describe the importance of transduc-
tion in science teaching and learning, referring to the process where the meaning of one
representation or semiotic resource (e.g., speech) is transduced to and re-articulated in
another representation (e.g., image). We see this as also being applicable to learning about
AR and SD. They propose, and we agree, that transduction in science learning involves
creative reasoning enabled by cognitive and semiotic resources. They discuss the role of the
teacher in guiding students to link, confirm, and expand meanings across representations,
which is fundamental for students to learn concepts and processes in science. Transduction
here refers to the process where children experience meaning from a specific content based
on the experience of several different representations of that content that teachers help
them link. Consequently, reasoning and inference are based on similarities and analogical
transfer from the observed phenomenon to cause (i.e., the formulation of hypotheses of
cause). This reasoning about why phenomena are perceived as they are can be seen as
related to abductive reasoning [30], which begins with observations and proceeds to formu-
late possible explanations. Different representations in early-year science teaching convey
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different aspects of science content, hence, increasing the variation and opportunities for
children to experience the teaching content [7,25,31].

2. Aim and Research Questions

The aim of this study was to explore how two experienced preschool teachers de-
scribed their first experiences of the thematic teaching of AR and SD, with a special focus
on place-based education. The research questions guiding the analysis were:

e  How do preschool teachers describe thematic teaching including AR and SD?
e  What is the role of place and transduction in the teaching and learning process?

3. Method

This was an exploratory case study that focused on work in two preschools, with the
same preschool principal, in a small town in the southern part of Sweden. The preschools
aim to develop work with sustainable development and digital technology, and therefore
applied for and received a grant for an innovation project involving AR and sustainable
development. Work with the sustainable development goals (SDGs) was ongoing in both
preschools, but AR was a new area for the pedagogical staff. In the project, two preschool
teachers (30 and 5 years teaching experience, respectively), one at each preschool, had initial
training regarding AR and possible applications for preschool children. The preschool
teachers next explored the applications together with their respective child groups of
4-5 year-olds (22 children in one preschool and 18 children in the other). The children
participated in smaller groups in thematic teaching activities of AR and ESD during a
semester. The children had no prior experience with AR applications. We chose to analyse
the descriptions of these two experienced preschool teachers of their attempts at thematic
teaching including AR and ESD in an explorative case study to develop knowledge of
descriptive aspects of such pioneering work.

The researchers collected and analysed the preschool teachers’ pedagogical planning
documents and their final written report on the project. The content in these documents
served as a foundation for a follow-up semi-structured interview conducted with the
two preschool teachers by one of the researchers. The interview was audio-recorded and
transcribed in full. A conventional content analysis [32] was conducted separately by
the two researchers, who then met, discussed the codes, compared their analyses, and
discussed tentative categories. In the next step, the categories were finalised and described
as AR + ESD: Thematic teaching; AR + ESD: Children’s agency; AR + ESD: Teacher perspective,
and AR: What is real and what is not? In a subsequent step of the analysis, these categories
were analysed and discussed by the researchers in relation to the concepts place and
transduction. From the triangulation of the three data resources (i.e., planning documents,
final written report, and interview), consistency was revealed in the preschool teachers’
expressed experience during and after the project. The interview thereby confirmed and
deepened the researchers’ understanding of the content in the planning documents and in
the final written report.

Ethical considerations adhere to recommendations by the Swedish Research Coun-
cil [33]. In this study, this included written consent where the researchers informed the
participants about voluntary participation, that the participants had the right to cancel
their participation at any time, and that the participants and preschools would be given
pseudonyms in the data when the study was reported on. The pseudonyms for the two
teachers were Jennifer and Angelica.

4. Results

In the following, the two preschool teachers” descriptions of their teaching with AR
and SD are presented under headings representing the identified categories.
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4.1. AR and ESD: Thematic Teaching

In the two preschools, as in the rest of the municipality they are both part of, digitalisa-
tion and SD had been determined as prioritised areas of development. In their innovation
project, the preschool teachers decided to combine the teaching of SD, in terms of the SDGs,
and AR. They identified that the two content areas had a point of intersection where they
both offered learning regarding problem solving, critical thinking, and communication. A
content area can be described in terms of the didactic question ‘what’, while the teaching
arrangements about the same can be described as the ‘how’ of the teaching [34]. The
preschools both had previous experience of education for SD (ESD), but AR was a new and
untried content area. One preschool teacher from each preschool was designated as the
leader for the innovation project, and following an AR workshop, they started to plan the
thematic work. When describing their integration of SD and AR in teaching, they concluded
that they and the children had to start with learning AR as the first content area (i.e., a
first ‘what’) before moving on to including SD, the second ‘what’ (i.e., a multidisciplinary
approach). When SD was included and coupled with AR, AR could be described as going
from a ‘what’ to a "how’ in the teaching, that is, AR then became a tool for learning about
SD. The preschool teachers reasoned about this:

Because if we hadn’t had AR as the ‘what’ from the beginning, then it might had
become the ‘what’ in the next period, when the ‘what” was supposed to be SD.
Then their [the children’s] focus perhaps had ended up on “Oh, what'’s this? We
have to explore this further.” And then you lose the aim. So, I mean it could
turn into an obstacle, if they don’t have any previous knowledge about the AR
technology. If you want to use it as a method, or a ‘how’ for a ‘what’, then it
could be an obstacle because they are more captured by the technology itself
than. .. (Angelica)

Children’s fascination with tools is not unique to digital tools. When preschool teachers
plan for scientific inquiry, it has been proposed that they introduce tools such as loupes,
magnifiers, etc. to children first. Otherwise, the tools might be more interesting than the tree
or insects the preschool teachers had planned to be the object of learning [34] in the teaching.
However, based on our previous studies [12,31], our experience is that digital tools are
especially interesting to many children. Furthermore, even though a transdisciplinary
approach to thematic teaching is considered more advanced, with its starting point in
real-life problems that integrate several contents, we see here that a multidisciplinary
approach is favourable when one content functions as a tool in supporting learning about
another content. Treating AR as a “‘what’ before transforming it to a ‘how’ is therefore
seen to be a fruitful didactic strategy for the children’s transduction of meaning in this
teaching situation.

In their teaching of the SDGs, the preschool teachers decided to start with SDG6
(Clean water and sanitation) and SDG14 (Life below water). The reason behind their choice
was that these goals relate to each other, and they were deemed concrete enough for the
children to comprehend. During the activities, the preschool teachers and children visited
a place close to each preschool, a pond and a creek, respectively. During the teaching, the
children explored water from different sources and purified water. In the multidisciplinary
approach, the children were also given opportunities to expand their learning to include
more SDGs and their characteristic symbols, present in pictures on walls and tables in the
preschools. The preschool teachers described how the children next started to identify that
a place could be connected to a specific SDG, resulting in the preschool teachers taking
walks or cycling around in the neighbourhood in ‘hunts’ for SDGs:

They started to understand that it’s the actions you do that can be connected to a
SDG. So when we were out cycling we stopped perhaps at ICA [a local store] and
then someone said “There’s a goal!” Yes, what goal is that? “Zero hunger, because
there’s food. When we eat we’re not hungry anymore.” For example. (Angelica)
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The children took photographs of the places they associated with a SDG and used
an AR application to place the symbol of the corresponding SDG in the picture. The
preschool teachers’ statements on this are examples of transduction, where the meaning
of one representation, the SDG, is transduced to another representation (e.g., the photo
of the local food store representing ‘Zero hunger’). Through their thematic teaching, the
preschool teachers created prerequisites and links for the children’s transduction of meaning
between different representations. The AR application made it possible for the children
to superimpose the SDG symbol on the photograph, thus augmenting the representation
of reality.

In accordance with the preschool teachers’ planned teaching, the children recreated
their experience from a visit to the local recycling centre by building and representing the
recycling centre in recycling material. This quickly escalated, and the children had their
own ideas about more local places to represent from their experiences during their walks
and bicycle tours:

First the thought was that we should build a recycling centre of recycling material
and when we had built it the children thought “but where is the water treatment
plant?”. So we had to build the treatment plant and then our pond and then all
the places we visited. (Angelica)

The local places represented by the children were marked with associated SDGs (see
Figure 1). Their ambitious representation of their small town led to an exhibition in the town
library. Through the teaching process, with walks/bicycle tours in the neighbourhood
and the subsequent reconstruction leading up to the library exhibition, the children’s
understanding was transduced between different representations of SDGs, places, and AR
productions. Furthermore, place expanded on two levels during the thematic project as a
result of the children’s own ideas, partly in the number of places physically visited by the
children, and partly in the number of representations in their recreation in recycling materials.

(a) (b)

Figure 1. SDG 3, 15, and 7 represented in the children’s recreation of local places they visited with

their preschool teachers. (a) A local playground representing wellbeing; (b) insect hotels representing
biodiversity; (c) solar panels representing clean energy.

4.2. AR and ESD: Children’s Agency

The teaching described above can also be reasoned in terms of the children’s agency.
In thematic teaching, the children’s perspectives, in the joint process of formulating themes
based on the children’s participation and agency, are paramount [16]. Agency is often
thought of as the capacity of individuals to influence and steer their own lives, with a view
of agency as an internal ability. Another way of viewing agency is as something a group of
individuals achieve together in transactions rather than something they possess [35]. Here,
we did not want to polarise between the two views and instead defined agency in the sense
of children, individuals, or as a group, being able to take action and pursue new lines of
exploration and interaction in their everyday lives and places.
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From the start, the children’s own ideas were important for the preschool teachers to
consider for them to be able to offer learning about problem solving, critical thinking, and
communication. In one of the preschools, a nearby creek was chosen as a place for teaching,
based on the children’s engagement:

And then we had the local environment, we should include that too. And then we
had [the creek’s name] nearby where the children already. .. “It’s dirty!” because
they are already little climate activists. “Oh, there’s garbage!” because you can’t
take a walk without them collecting. (Jennifer)

During their walks and bicycle tours, the children and the preschool teachers interacted
in different ways with their neighbourhood. For example, they visited the local food store to
discuss what fish was most sustainable, they visited the library where a child commented,
“This is SDG4! [Quality education]”, and they reasoned about the garbage in the creek. A
child suggested that they should put a sign on the bridge over the creek, stating that it was
not allowed to throw garbage in the water. This initiated a discussion of whether it was
allowed for anyone to put up signs. The preschool teacher and children decided to write a
letter to the municipality and ask them to put up a sign, and the municipality responded
by doing so (Figure 2).

Figure 2. A sign with the Swedish text “Sldng inte skrip i dn. Tack.”, in English “Do not throw
garbage in the creek. Thank you.” The sign was put up after the children wrote a letter to the
municipality asking for one.

The children’s engagement in their local places could be connected to the slogan
“Think globally, act locally”, attributed to Geddes [36] and referring to the fact that people
should consider sustainable development and take action in their everyday lives for the
sake of our shared planet. Additionally, research has shown that children need to develop a
positive attitude and care for their own local place, in order for them to later care about the
environment on a larger scale [26,37,38]. Sobel criticises aiming for too abstract concepts
with children and instead emphasises pedagogical strategies that relate to them. In her
words, “what’s important is that children have an opportunity to bond with the natural
world, to learn to love it before being asked to heal its wounds” [38] (p. 10).

The project is thus an example of place-based learning where the children’s under-
standing and meaning-making are transduced, through their agency, between different
places and representations. Furthermore, democratic processes in society are included in
the teaching when children learn that taking action and writing to the municipality has
an effect, and that their exhibition in the library can be viewed by other citizens. Their
experiences have the potential to make them action-competent citizens in the future.

Other examples of children’s interests were described by the preschool teachers in
situations outside the planned teaching. If one child spontaneously took a computer tablet
to “do AR”, other children immediately gathered around the child to give tips and to
help out:
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In the spontaneous teaching, it was like a meeting place, the children were there
and gave each other tips and ideas, “but if you try like that, if you do like that.”
“I'm placing myself here, can I reach it now or do I need to sit down?”. Then they
started to cooperate. (Angelica)

There were also examples of how the use of the AR-applications strengthened the
status of individual children:

You can as a teacher deliberately choose to give this [the computer tablet] to
him who maybe doesn’t have the highest status in the group. Then it’s him
who gets to take photos and film in this free. Then he gets four-five around him
immediately who are super interested in him. So he gets to take place and control
it a bit. And then he doesn’t think about that it’s him controlling. (Jennifer)

Here, the preschool teacher talked about using the computer tablet and the AR appli-
cations as a tool to lift a child and let that child take the lead. This example is interesting,
given the implication of AR use as a tool for inclusion. It also reflects a result in one of our
previous studies [39], where a child who had difficulties playing with other children found
it easy when the play involved programming a robot. This indicates a role for digital tools
in social inclusion and social sustainable development.

The preschool teachers said that when the children chose to use AR applications out-
side of the planned teaching, it often involved their own drawings. These were often made
in the application Sketches School, where pictures also can be downloaded, prompting dis-
cussions among the children and preschool teachers about which pictures you are allowed
to download. Children also played with the colourful representations of the SDGs that had
been added in the AR-maker application and interacted with the preschool teachers while
doing so:

And then it was kind of fun if I was sitting there because then he could put one
[symbol of SDG] on the head and then I was supposed to hold my hand like this
[holds out her arm with her palm facing upwards] because then he could put one
there [in the hand]. So they became good at it and the symbols and understood
so they could do it themselves later. (Jennifer)

The preschool teachers also described how the children were engaged in exploring
different orientations and distances in the computer tablet and how this affected the digital
scene visible in the AR-maker. They often asked a friend to also place him- or herself in
the scene.

The preschool teachers viewed their use of the children’s thoughts and ideas as a
crucial part of the children’s learning process. In one of the preschool teachers” words,
“they have been owners of their own learning, I would say.” The preschool teachers also
reflected on the children’s awareness of their own learning:

I wrote in the analysis that “the fact that digital competence is integrated in
the teaching gives the children a computational thinking and makes them seek
knowledge and we give the children a basic critical approach through the AR
technology. Then the children become aware of their own learning identity. How
they view themselves as a learning individual. We believe we achieve this by
creating teaching in different variations.” (Jennifer)

The role of varied teaching is further elaborated on below, in relation to the teacher perspective.

4.3. AR and ESD: Teacher Perspective

The preschool teachers reasoned about the project in relation to their professional
role and underlined the importance of having a colleague to discuss ideas with. They also
stressed structural prerequisites such as substitutes and time to learn AR:

That this has succeeded. .. The success factor is that we have had time, we have
split it into small parts, we have had small teaching groups, we have also had
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the time outside to go in and take some children and try out. You don’t have that
possibility when you have a full group of children. (Jennifer)

Several aspects of teaching the children were also discussed. The preschool teachers
provided examples of how AR was also integrated in their daily work outside of the project
with the SDGs. When baking a cake for a parental meeting, some children baked while
other children took pictures of the process for use in AR applications. Here, the preschool
teachers talked about the value of daring to try and to fail when learning AR:

Well, not safe really but “let’s try this way then”. If it doesn’t go right, well, then
there won’t be a film. But there will be apple pie. (Jennifer)

The preschool teachers also stated the importance of variation when teaching children,
and provided examples of how some children who were normally quiet during a traditional
whole-group gathering started expressing their thoughts during activities when they were
painting SDGs. Other children became more active when singing songs related to the SDGs,
while other children preferred talking while doing the experiments. The varied teaching
with possible support from peers and teachers can be seen as crucial for the transduction of
meaning from different representations.

Another aspect of AR in teaching is, according to the preschool teachers, the use
of the applications in a conscious way. The preschool teachers explained how they had
constricted the children’s use of computer tablets to some days being only about specific
AR applications such as Tayasui Sketches School™ or AR Makr™. Therefore, the project
has improved this conscious use among the preschool teachers in the two preschools:

And that has also derived from the project extra I think, that we now in the
staff will emphasize developing a conscious approach to how we use the digital
technology in the child groups. To sort of not just place the iPad there, but
instead “why are we doing it, are they going to play?”, really think through what
obstacles, what possibilities are there with this technology? Does it contribute to
your aim or doesn’t it? Does it counteract it or aid it? I think that has got a little
extra boost now that we see that we have used the technology in a conscious way
like we have done here, then it can also contribute to an enhanced learning in the
children. (Angelica)

The preschool teachers described different challenges in their teaching. One of them
involved not taking over when instructing the children about the applications:

Anna: And then you should “and now you touch the white circle at the far end
of the screen” and before they find it (laughter). They learn by doing themselves
but I found this to be a challenge.

Jennifer: Yes it was.

Anna: To not accidently do like. .. (grabs the computer tablet to illustrate tak-
ing over)

Jennifer: Yes, it was. And then we have opted out on some apps because we
thought they were too difficult and we couldn’t even teach it to the children.

The preschool teachers also identified a challenge in the spontaneous teaching of SDGs
at local places. Here, they did not always have the content knowledge required to answer
the children’s curious questions:

It has been difficult if you all of a sudden have come upon a goal that you don’t
know a lot about. We're cycling on an excursion, comes to [local factory]. Yes,
what goal is this? What goal can be connected..? (Angelica)

Another challenge lies in transferring their new knowledge of AR to their colleagues
who do not have the same time to learn the applications that the two preschool teachers had
during the project. The teaching of the SDGs has been more ‘alive’ in the two preschools
compared to the teaching of the newer content AR. The preschool teachers” wish is that use
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of the AR technology in teaching will be as natural as greenscreen or programming have
become in preschools. They acknowledge and reason that incorporating new technology
takes time:

Exactly, they haven’t had the time. Then it’s also about you as a person. Some
goes “Ah, let’s try. What’s the worst thing that could happen?”, while some “No,
Ineed to know this before I. . .” That is, want to control it before you take it out to
the child group. We are also different there. (Angelica)

The above example illustrates how challenging teaching and building on the transduc-
tion of meaning across different representations can also be for teachers, who need to think
through, plan, generate, or spontaneously use them.

Yet another challenge for the preschool teachers concerned the children’s continued
learning in school and later on in life—the ‘being’ or ‘becoming’ perspectives, here and now,
or in the future [40,41]. A becoming perspective can be identified in the following statement:

I was a bit frustrated in that, mm, now we work with this. AR technology,
sustainable development. Then I will leave them to school, will the school
continue on this? (Jennifer)

Finally, the preschool teachers described a challenge in discussions with the children
about what was real and not real. This is further elaborated on in the next section on
AR technology.

4.4. AR: What Is Real and What Is Not?

The introduction of AR strategies inherently introduces issues of abstractions, abstract
thinking, representations, and metaphors. The children introduced questions concerning
authenticity and about what was ‘real” and not, for instance, in comparing photos from
‘real’ (local) places or drawings they had made themselves to photos of unknown sites
downloaded from the Internet. This is something that we believe highlights the importance
of place and materials from the children’s everyday lives.

Researcher: It’s also exciting this with what is real and what is. ..

Jennifer: Yes, and it was often expressed, ‘but that’s not for real. That's AR’
they said.

Initially, the children struggled to understand and were not able to transduce or make
sense of the additional information from the AR. It could sometimes be confusing for them
that an object in the AR application could appear against a physical background, seen
through the camera lens in the computer tablet. The preschool teachers described how the
children’s physical paper drawings aided the discussion. When the children were given the
opportunity to draw paintings on paper, photograph these paintings, and add the photos
to the AR application, they obtained an understanding of the physical versus digital object.
This points to an important role for physical material, generated by the children themselves,
to help them transduce meaning between physical and digital representations.

Mm, but I thought it became clearer to the children, this with reality and not,
when they created their own objects and placed. Because if we took ready-made
pictures from the internet and placed, then it was still just a picture. And you
keep pictures on an iPad, that’s not unusual. But to be able to take something
you yourself has made, that is not a digital picture but to make it into a digital
picture that you can place. .. (Angelica)

Several examples were raised where the preschool teachers experienced that the AR
technology and use of the apps were helping the children to transduce meaning between
different representations, for instance, by making the abstract notion of water content in
our bodies more accessible.

Then we used AR because we talked about that it’s really important that we
drink, it’s really important to get water. And a human being has a lot of water
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in his body. Well, it's perhaps a bit abstract but with AR we could make a body
that we drew, that we filled to 60-70 percent with water. Then the children could
place themselves behind that body and get to see on their own body that ‘But
about up to here on my body, I have water’. So it became a bit more concrete.
(Angelica)

The children also added extra representation, making it clear to the preschool teachers
that they were helped by and enjoyed the opportunities to transduce from multiple inputs.

After we had made the AR-body, then two children took out. .. We have cubes
in different colours with lamps. Then they took the blue lamp, then they started
building it like a tower. And then they placed themselves behind it, “I have
this much water in my body.” So I thought the AR technology contributed to an
increased understanding for the children in that situation.

The preschool teachers were adamant that functionality without technical issues
was very important for the children’s learning and enthusiasm. However, they mostly
talked about the problems that they had had themselves in planning and preparing for the
activities with the children.

Yes, it has messed up. When it comes to the AR technology. . . It's been a challenge
I think, to use, especially these digital scenes. To make it good. Because even
if I make a digital scene, then I save it. Then, when I should open it again it
doesn’t bring out the same. . . Even if I scan the same place, the scanning won't
be the same. All of a sudden the pictures end up in different places or it changes
the angle on it. So it’s not easy to reuse one’s digital scenes that one created for
example. There are question marks like that that I find a bit difficult. (Angelica)

Sometimes the children were not happy about the limitation introduced by the tech-
nique, for instance, in terms of drawing with the digital pen. They felt that it was difficult
to achieve thin lines, and the pen did not also make the correct sound when moved over
the tablet.

Yes, and then they were just irritated and it ended with “no, I give up because
it’s not how I want it.” They wanted to be able to make thin lines and it’s not as
easy on an iPad as it perhaps is to do it on a paper. My interpretation is that they
thought they should be able to draw the way they can in reality. (Angelica)

The preschool teachers also let on that technical development is very rapid, and that it
is difficult to keep up. There were examples where they realised that things they had learnt
to do were no longer valid or necessary.

And then it was also, he taught us a lot on Keynote. I mean to remove the
background to insert your object, floating. But all of a sudden iPhone 16 came
with that. You just hold. .. You don’t need Keynote for that anymore. (Jennifer)

Finally, the preschool teachers reasoned about what reality had been augmented
through the project.

Researcher: The question is... What is it that has been augmented concretely?
What reality has been augmented?

Angelica: I would probably say the sustainable development goals” presence
in our environments, in our everyday lives. That it’s easy to sit here and talk
about sustainable energy or, but through being able to put these cubes in different
places, that understanding has deepened. Or become concrete, or how it can be
expressed. It has enhanced the reality, if one can put it like that?

Children’s excursions with the computer tablet around their local neighbourhood
enabled them to identify SDGs and transduce their understanding from the real-world
context to a digital representation of that place.

124



Educ. Sci. 2024, 14,719

5. Discussion and Conclusions

In the following, the two research questions guiding the analysis are addressed in-
tertwined, ascertaining coherence between the preschool teachers’ statement and the
theoretical framework. Early childhood education is usually situated within ‘a place’,
whether this place has been called a preschool, kindergarten, or nursery [42]. According
to the preschool teachers in the present study, the preschool children gained a greater
understanding of how local places around them were related to different SDGs. Sobel
describes place-based education as the process of using the local community and envi-
ronment as a starting point to teach different subjects in curriculums. She emphasises
hands-on, real-world learning experiences due to the ability of these educational strategies
to scaffold the students” academic achievements, appreciation for the natural world, and
their heightened commitment to function as active, contributing citizens [43]. Griinewald
describes how socially constructed places such as giant shopping malls, urban streets, and
schools tend to be taken for granted [22]. Becoming aware of social places as human prod-
ucts requires conscious reflection about how we influence these places. Furthermore, the
preschool teachers in this study described how the children’s understanding was enhanced
by the use of AR technology. The children transduced their knowledge and meaning of
the SDGs between representations in the physical world such as local places, paper draw-
ings and recycled materials and the digital world with the colourful SDG symbols in AR
applications. The children’s new awareness of how local places through AR applications
can be connected to specific SDGs and their actions when, for example, writing to the
municipalities asking for a sign against garbage, could be viewed as important steps for
them to become what Griinewald describes as “place makers’ [22] (2003a). Even though a
transdisciplinary approach to thematic teaching can be desirable, the teachers set out with
an interdisciplinary approach, expecting to integrate AR and ESD. However, they ended up
with a more multidisciplinary approach where AR was treated separately and in advance.
It was seen that in order to be a useful tool in the ESD learning process, some skills in using
AR applications were a prerequisite. The preschool teachers” experiences from the use of
AR in preschool settings has, to our knowledge, not been reported on earlier.

Furthermore, Griinewald criticises traditional schooling for their lack of place-based
education [26], and the results from this study point to important possibilities for place-
based education in preschools. With a less formalised day compared to school, Swedish
preschool teachers operate without a classroom, have opportunities to explore local places
with their child groups, and to work with these places thematically. At the same time, differ-
ent preschools around the world have different prerequisites to do so. Heavy traffic or too
few staff members are just some of the risk factors that need to be considered. Furthermore,
many educators emphasise tragedy and catastrophes in ESD. Sobel responds by stressing
the importance of reclaiming the heart in place-based education, where experiences are
created for people to connect with places close to home [38]. This more positive take on
ESD is believed by us and others to be especially important when working with young
children.

To conclude, the results of this study point to four key points in the thematic teaching
of AR and SD in preschools:

e There is a value in learning AR first, before using it as a tool for ESD. An initial
multidisciplinary approach could be fruitful in thematic teaching that involves digital
content previously unknown to the children.

e  The children’s own ideas, self-generated images, and familiar places are important
motivational factors when learning AR and ESD and their agency should be a crucial
part of the teaching of the same.

e  Teachers need structural prerequisites to be able to prepare and develop knowledge
and consciousness about the teaching of AR and ESD.

e A varied teaching approach is crucial for children in a group to be able to link and
transduce the meaning of ESD through multiple representations.
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e  Children’s linking and transducing of different representations, especially in terms of
what is real and not, requires active teaching.

e  DPictures of the children’s own physical creations such as drawings may aid in the
understanding of what is real and not, in the AR application.

The aim of planned follow-up studies is to investigate the interactions of children and
preschool teachers during teaching activities involving AR and ESD.
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Abstract: The two goals of this study are to examine the impact of an early childhood teacher’s
metacognition-driven, place-based science teaching professional development (PD) intervention
and to explore the association between science teaching and environment quality and children’s
self-regulated learning. A total of 110 children (Mage = 60 months) and 20 teachers from preschools
and kindergartens in rural regions of Idaho, U.S., participated in this mixed-methods study between
August 2022 and May 2023. Children’s and teachers” pre-test and post-test data were collected
using validated observation tools, surveys, and reflection journals. The results from repeated mea-
sures ANOVA and linear mixed regression show that there were statistically significant increases in
children’s self-regulated learning scores and teachers’ science teaching efficacy and metacognitive
knowledge, but not metacognitive regulation skill scores post-PD. Thematic analysis revealed ev-
idence about children’s learning interests and inquiry skills, and that science activities supported
children’s learning in other subjects and developmental domains (e.g., literacy, mathematics, and
social-emotional skills). Our results indicate the potential for supporting young children’s self-
regulated learning by training teachers to implement a developmentally appropriate, hands-on
science curriculum that focuses on reflective thinking and a holistic understanding of science con-
cepts and process skills.

Keywords: early childhood; science education; self-regulated learning; metacognition; professional
development

1. Introduction
1.1. Self-Requlated Learning

In an age of information technology characterized by an abundance of rapidly evolving
knowledge, cultivating self-regulated learners is becoming increasingly important [1].
Self-regulated learning (SRL) is an umbrella term that includes cognitive, metacognitive,
social-emotional, and motivational aspects of learning [2,3]. Self-regulated learners have
a proactive and adaptive approach to learning, which equips them with the skills and
mindset to navigate complex education settings and beyond [4]. Self-regulated learners
master their own learning by setting goals, applying effective learning strategies, and
pressing on in the face of challenges [2]. Research has linked self-regulated learning to
school outcomes from childhood to adolescence across several subject areas [5,6].

Early childhood is a prime time window for fostering SRL, given young children’s
rapidly developing cognitive faculties [7,8]. Teachers’ instructional support and learning
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environment play an important role in nurturing children’s SRL [9]. In particular, teachers’
support during science inquiry learning activities may have great potential to support
children’s SRL [10-12], given that the inquiry learning cycle (i.e., ask, investigate, create,
discuss, reflect) mirrors the SRL model [13,14]. Therefore, this present study aims to
examine the effect of an early science education intervention on children’s SRL.

1.2. Young Children’s SRL and Metacognition

Zimmerman’s theoretical model of SRL [15], although widely adopted, does not ac-
count for young children’s cognitive limitations [16]. Preschool- and kindergarten-aged
children’s SRL is still developing; as a result, they may have challenges in effectively
regulating their learning processes [16]. Some of these challenges include limited cognitive
control, difficulty with goal setting, and limited understanding of one’s cognitive processes,
which could be due to young children’s immature executive functioning (i.e., a collage
of cognitive abilities such as working memory, cognitive flexibility, and inhibitory con-
trol [17]). Therefore, this study adopted a theoretical framing of SRL more suited for young
children, as proposed by Bronson and Bronson [18], and Whitebread and colleagues [19].
This framework includes four categories of SRL: emotional (e.g., regulate one’s emotions,
especially when facing challenges), prosocial (e.g., collaborate with others and being aware
of others’ feelings), cognitive (e.g., aware of oneself and strategies), and motivational (e.g.,
initiative and task persistence).

A defining characteristic of SRL is the ability to regulate one’s own cognition and mo-
tivation during a learning episode [15], and the prerequisite for SRL is metacognition [20].
Metacognition is a cognitive function that involves being aware of and controlling one’s
mental processes [21,22]. Metacognition researchers agree on the three core components
of metacognition [22-25]: metacognitive knowledge (i.e., knowledge about the person,
task, and strategies), monitoring (i.e., gauging one’s cognition during a goal-oriented task),
and control (i.e., using information gathered during metacognitive monitoring to adjust
subsequent actions to facilitate problem solving).

Whether and to what extent young children (e.g., age 3-5 years) can think metacogni-
tively is debatable in the fields of education and psychology [26-29]. Early metacognition
researchers claim that metacognition does not emerge until middle childhood [29]. This no-
tion is partly due to the measurement limitation—many relied heavily on the participants’
language ability to report their mental processes, which young children lack [9,30]. More
recent research has used developmentally appropriate methods to assess young children’s
metacognition, such as play-based observation tools [19,23], interviews [31], and simple
computer tasks [32]. In general, researchers found that young children could reflect on
their own thinking; however, they tend to overestimate their task performance and struggle
with calibrating their decision making based on cognitive monitoring [33]. These results
echoed recent neuroscience findings: the neural correlates of metacognition seem to reside
in the anterior cingulate cortex—a brain region that connects the prefrontal cortex with
the limbic system and plays an important role in motivation, decision making, and error
monitoring but which is far from maturing during early childhood [34,35]. Therefore,
adults’ facilitation and enriched environments are necessary to leverage metacognition and
SRL to promote young children’s learning and development [36,37].

1.3. Foster Young Children’s SRL

SRL can be improved through the direct teaching of learning strategies [38], inter-
actions with others [37], and enriched learning environments [5]. Ample studies have
examined effective SRL strategies that are teachable and applicable in education settings,
such as setting learning goals, concept mapping, reciprocal teaching, and cognitive re-
flection [39—41]. Yet, the majority of these studies are conducted with older children and
adults [42—44]; as a result, many SRL strategies do not apply to the early childhood age
group (i.e., preschool- and kindergarten-aged children). Given young children’s rapidly
evolving mental capabilities, developmental appropriateness is the key when it comes to
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supporting their learning and development [16,45,46]. Some commonalities across studies
on pedagogical practices that foster young children’s SRL and metacognition are adults’
dialogic support, modeling, and learning context [20,37,47].

1.3.1. Teachers as Agents and Learners of SRL

Teachers have a dual role in fostering children’s SRL as agents and learners of SRL [48].
First, teachers operate as agents of SRL by providing instructional support to children.
Research studies shed light on ways that early childhood teachers can support young
children’s SRL, such as directly teaching SRL strategies (e.g., setting learning goals and
reflecting on learning experiences), scaffolding, promoting learners” autonomy, providing
constructive feedback, and creating a learning environment that values explorations and
collaboration [20,49]. These teaching strategies are linked to children’s learning gain and
growth in SRL [47]. However, much less empirical attention is paid to the teachers” second
role as learners of SRL. To help children develop their SRL, teachers must first become
competent self-regulated learners themselves [50]. The four SRL competence components
are teachers’ SRL knowledge, skills, self-efficacy, and motivation/value [48]. Purposeful
training, such as teachers’ preparation and professional development programs, is pivotal
to enhancing teachers” SRL competence [51].

1.3.2. SRL and Early Science Learning

SRL can be supported by an array of subject domains in early childhood classrooms,
such as literacy and mathematics [4,49]; however, we argue that early childhood science
activities, with proper support from teachers, provide a prime context to foster young
children’s SRL. Children are born inquisitive and eager to learn through hands-on explo-
ration [52,53]. Science learning activities capitalize on young children’s innate curiosity,
promote autonomy, and foster metacognitive thinking and problem-solving skills, all of
which are essential components of SRL [54]. Additionally, with the absence of standard-
ized testing, early childhood teachers have a higher degree of freedom to pursue science
activities driven by children’s interests as compared to their counterparts in higher grades,
making science learning uniquely suited for early childhood education [55].

1.4. Science Learning in Early Childhood Classrooms
1.4.1. Science Learning Starts Early

Contrary to the notion that science only takes place in laboratories led by highly
trained scientists, young children, as young as infants, possess rudimentary scientific
reasoning skills [53,56,57]. In Walker and colleagues’ study [57], 18-30-month-old children
were capable of discovering the association between sounds and different buttons on a
box through trial and error, indicating that very young children could detect patterns of
conditional probability and exhibited a rudimentary form of causal reasoning. Indeed,
young children possess some domain-general learning skills and are already “experts” in
learning through experimentation—the core of scientific discoveries [58].

Science learning does not only start early; scientific exploration is also developmentally
appropriate for supporting children’s learning [59,60]. During preschool and kindergarten,
children’s symbolic thinking emerges, and abstract reasoning becomes more and more ex-
plicit [28]. This transformation is aided by adults” support and hands-on learning materials,
which allow children to manipulate and experiment while engaging multiple senses [61].
Science activities often involve experiential learning, and it is through interacting with
hands-on materials that young children form abstract understandings of a scientific concept
from concrete representations [62].

1.4.2. Developmentally Appropriate Early Childhood Science Education

Research findings in neuroscience and cognitive and developmental psychology shed
light on possible reasons that integrative science learning is developmentally appropriate
for young children. Brains process information from different sensory modalities such as
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visual, audio, and tactile information in a coordinated manner [63]. Integrative learning,
such as learning mathematics and language while engaging in hands-on science activities,
stimulates various areas of the brain to generate a more comprehensive understanding
of information [64,65]. This is especially important for young children, to whom expe-
riential learning transforms concrete objects into abstract understanding [45,66]. Also,
early childhood is a sensitive period in human development, where children’s brains are
constantly organizing synaptic connections in response to the environment and experiences
(i.e., brain plasticity) [7]. Adults’ support (e.g., asking open-ended questions, activating
prior knowledge) is particularly important for early science learning because it can offset
young children’s cognitive limitations and boost science learning outcomes [46]. There-
fore, providing young children with individualized support and environments enriched
with science learning opportunities is crucial for their knowledge gain as well as for later
development [67].

Early childhood science teaching traditions include various approaches aimed at in-
troducing young children to scientific concepts and scientific process skills [50]. Examples
of these traditions include outdoor exploration (i.e., observing and interacting with natural
elements in the outdoors), hands-on experiments (i.e., allowing children to test their hy-
potheses by interacting with science materials), storytelling (i.e., learning science concepts
in a narrative format), sensory learning (i.e., engaging children’s senses during science
exploration), child-led inquiry (i.e., giving children opportunities to ask questions and in-
vestigate), and integrative science learning (i.e., incorporating science in everyday activities
like cooking and gardening) [68]. Overall, these traditions prioritize active engagement and
children’s curiosity, promote science concept learning, and foster a sense of appreciation
for science [69].

Research studies on developmentally appropriate early childhood science education
focus on understanding how young children develop general scientific skills, attitudes, and
concepts in specific domains (e.g., weather and seasons; plants and animals; living and non-
living things) [70]. There are several trends in current research on early childhood science
education. There is a notable emphasis on integrating science learning with other subject
areas such as technology, engineering, art, and mathematics (i.e., STEAM) in children’s
daily lives [71]. Moreover, early childhood science education seems to deviate from the
traditional teacher-centered approach to child-centered approaches, such as problem-based
learning and inquiry-based learning [61]. Family and community engagement are also
recognized as a crucial component of early childhood science education [72].

1.4.3. Current State of Science Learning in Early Childhood Education Settings

Despite the multifaceted benefits of early science education, science is a much less
emphasized subject area in early childhood education [62,71]. Research investigating
early childhood teachers” instructional time allocations found that teachers spent much
less time on science activities than on literacy, language, mathematics, and social study
activities [73,74]. Relatedly, early childhood teachers’ perceived confidence and capacity
in teaching science is lower than in other subject areas, which may lead to fewer science
learning opportunities in the classroom [73,75]. Previous research also indicates that some
early childhood science activities are hands-on but not “minds-on”; in other words, teachers
tend to pay more attention to the pragmatics of the science activity than how children can
make sense of what is being performed [76,77]. Inquiry-based science learning activities,
for example, require learners to propose predictions by drawing on existing knowledge
and form conclusions by comparing hypotheses with evidence gathered during investi-
gations [54]. The cognitive skills involved in inquiry based learning are still developing
in preschool and kindergarten children [16], which may impede their ability to construct
accurate understanding from inquiry learning activities [68]. Young children’s cognitive
limitations underline the importance of teachers’ effective support during science learning
activities via approaches such as questioning and activating prior knowledge [78]. How-

131



Educ. Sci. 2024, 14, 565

ever, early childhood teachers’ science learning support seems to be sporadic rather than
purposeful [79].

Researchers have identified several challenges that may have hindered early child-
hood teachers’ capacity and willingness to conduct science activities, for instance, the
lack of developmentally appropriate science pedagogical content knowledge [79], poor
resources [80], and classroom management issues [81]. Further, many early childhood cur-
ricula and learning standards emphasize literacy and mathematics more than science [73],
which can partially explain the unbalanced instructional attention [53]. Additionally, early
childhood teachers tend to be anxious about conducting science activities because they
doubt their ability to answer children’s questions [82]. This issue indicates teachers’ belief
that they must have comprehensive knowledge about certain science topics in order to lead
an activity [81]. However, teachers should adopt and model the mindset that science is a
dynamic discovery process; a gap in their understanding is not embarrassing, rather, it
affords an opportunity for learning with children [82].

1.5. Professional Development Programs

To nurture children’s SRL using science activities, teachers must become competent
self-regulated learners who possess the necessary knowledge and positive attitudes towards
science [83]. Well-designed education interventions, such as teachers’ PD programs, can
help teachers become self-regulated learners [68,69]. It is important to note that not all
PD programs are education interventions by default [84]. For a PD program to become an
education intervention, it must have a purposeful education and research design, evidence-
based activities, targeted areas of improvement, and empirical data that can support the
effect of the PD program [85]. A recent meta-analysis on effective education intervention
targeting children’s SRL and metacognition indicates that contrary to popular beliefs,
teacher-administered education interventions yielded a larger effect than researcher-led
ones [86]. This might be because trained classroom teachers, as compared to researchers,
were able to provide more immersive interventions and encouraged the transfer of the
learned skills to other domains [37]. Therefore, training teachers through PD programs
could have a positive downstream effect on their students’ learning.

1.6. Empirical Gaps

First, although the SRL framework reflects the iterative, trial-and-error nature of scien-
tific discovery, there is very limited research on the application of SRL and metacognition
in science learning during early childhood [13,30]. The relation between metacognition
and learning is well established among older children and adult learners [85,87], but more
research is needed to investigate how to use science activities to foster young children’s
metacognition and SRL [30]. The second empirical gap is the lack of research on the features
of effective teachers’ PD programs designed to support teachers’ and children’s metacogni-
tion and SRL [9]. The quality of teachers’ PD programs targeting early science education
varies greatly from one-time online workshops to experiential, systematic training over a
prolonged period of time [67,88,89]. The development of cognitive skills such as SRL and
metacognition require sustained, targeted efforts [90]; however, it is not very clear what
kind of PD design facilitates the transformation of teachers’ pedagogical knowledge to
instructional practices that will eventually benefit children [91,92].

1.7. The Present Study: Aims, Research Questions, and Hypothesis

Informed by the existing literature and empirical gaps, we created a ten-month science
education intervention that focuses on SRL and metacognition—Farm to Early Care and
Education (Farm to ECE). Farm to ECE adopts a progressive online training plus an in-
person coaching model with supplementary curricula that allows teachers to enact their
training in real-world scenarios. The goals of this study are twofold: (1) to examine the
effect of Farm to ECE on children’s SRL and (2) to explore the association between science

132



Educ. Sci. 2024, 14, 565

instructional environment quality and changes in children’s SRL. The specific research
questions and hypotheses are as follows:

e  RQ1: Does the education intervention lead to a significant gain in teacher-level out-
comes, as measured by teachers’ science teaching efficacy and metacognitive aware-
ness? We hypothesize that the teacher-level outcomes will improve after the education
intervention.

e  RQ2: Does the education intervention lead to a significant gain in children’s SRL scores?
We hypothesize that children’s SRL will increase after the educationintervention.

e  RQ3: To what extent are changes in young children’s SRL related to science teaching
and environment quality? We hypothesize that better science instructional environ-
ment quality is associated with greater improvements in children’s SRL.

e RQ4: What insights can be gained from teachers’ reporting of children’s learning
during the education intervention? We hypothesize that teachers’ reports will provide
authentic information on various aspects of children’s learning experiences.

2. Materials and Methods

This mixed-methods study was approved by the Institutional Review Board (IRB) at
the lead author’s university (IR protocol code 21-233). The data presented in this paper
were collected between August 2022 and May 2023.

2.1. Participants

The targeted sample sizes in this study were based on a priori power analysis con-
ducted using the software Optimal Design. The results indicated that 22 teachers and
132 children were needed to detect a statistical significance with an alpha of .05 and a
power of .80. Eligible participants were preschool and kindergarten teachers and children
(age = 4-6 years, typically developing) within two hours driving distance from the lead
author’s university from rural regions of north Idaho, U.S. Trained research assistants
contacted potential participating teachers via phone calls, emails, and a recruitment event
at a regional child development conference in the summer of 2022. Participating teachers
then distributed parental consent forms to eligible children in their classrooms. For each
teacher, approximately six children were randomly selected for data collection from all the
consented children.

A total of 21 teachers consented but one dropped out due to not having eligible
children in the classroom (N = 20) (Table 1). On average, the teachers’ age was
36.74 years old (SD = 10.34, range = 22-57), they were predominately White (75%), 60% had
a Bachelor’s degree and above, and their teaching experiences ranged from 3 to 29 years
(SD = 6.69). The child sample consisted of 110 children and had slightly more boys than
girls (Nyoy = 62, Ny = 48), with an average age of 60 months (SD =7.76, range = 44-87).

Table 1. Participants” demographic information.

N M/Percent
TEACHER
Gender: Male 1 5%
Female 19 95%
Age (yrs.) 20 36.74
Ethnicity /Race: Hispanic 3 15%
Non-Hispanic White 15 75%
Other 2 10%
Grade: Preschool 17 95%
Kindergarten 1 5%
Have a certification 8 40%
Have a CDA 6 30%
Degree: GED 3 15%
HS 2 10%
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Table 1. Cont.

N M/Percent
AA 2 10%
BA/BS 12 60%
MA/MS 1 5%
Experience (yrs.) 20 9.35
CHILD
Gender: Boys 62 56%
Girls 48 44%
Age (mo.) 110 60
Ethnicity /Race: Hispanic 8 7.3%
Non-Hispanic White 95 86.4%
Bi- or Multi-racial 7 6.3%

Note. AA = Associate degree, BA/BS = Bachelor’s degree, CDA = Child Development Associate Credential,
GED = General Education Diploma, HS = High School, MA /MS = Master’s degree, mo = month, yrs = years.

2.2. PD Intervention Design and Implementation

This year-long education intervention was in the form of a teachers” PD program and
was divided into the spring and fall seasonal segments. In Farm to ECE, teachers were not
only learning science background knowledge and developmentally appropriate science
teaching practices (e.g., activating prior knowledge, open-ended questions, and sensory
learning) via an online learning platform (i.e., Canvas) but also receiving monthly curricula
and activity materials (i.e., “Harvest of the Month” toolkit) to facilitate the transformation
of pedagogical knowledge into instructional practices and to enrich their science learning
environment [67,89].

A typical training module included an introduction video (overview of the curriculum
and teaching strategies introduced in that curriculum), a detailed explanation and demon-
stration of the teaching practices introduced in a given curriculum, and digital resources
that complement the curriculum (e.g., song, recipe, dance).

The “Harvest of the Month” toolkit (Figure 1) was distributed to teachers at the
beginning of each month. It included seasonal vegetables/grains/fruits (e.g., plums, beets,
lentils, microgreens) purchased from local farms, a plant-themed children’s book, detailed
lesson plans, vocabulary cards, and family engagement newsletters.

March Harvest: Microgreens (Week 1)
HARVEST

—ofthe —
MONTH

ts and vegatables.

March Farm to ECE Toolkit Contents and Material List: jarvest of the Manth Phota Cards fthis manth 2nd pravious manths]

Microgreens. + Posterboard and art supplies )
S Vocabulary: Mi eenhouse, rainbow, nutrients
v have 2l the nacessary materiais.

Contents of the toolkit include: Teaching and Classroom EN thay il
L t Strategies: v fully
Currculum lanagement Strategies: :
+ Parent Newsleters (to be disuibuted digtaly) Try with each week's actvity or mix-
i T r-match them!

Teaching Strategies
Mistzhing Handout Elabarative Rehearsal
+ * Microgréens Chanting
+ Copy of The Vegetables We Ear by Gail Gibbons Teaching Game Rules
Classroom Management
Strategy

Teaching Procedures a

Pause & Reflect
Remember ta eheckin With yourseif
when planning, conducting, and
evaluating the lesson,

at A Rainl

Learning Standards: Idaho Early Leaming e-Guidelines

ity ta ch 43Pt thought pracessas, applying praviously learmed

. Pass zround the phato cards from pravious manths, giving sach child 3t
least 1 0r 2 cards. With the help of an 2dult, have th children taks tums carefully placing their phao cards
on the "Rainbow of Colors” Food Chart based on the
s sach child takes turns placing their phota card T "7 77T oI TTToossosssomees
on the chart, ask:

2. Wrich food do you have?
does i

4 Ho n szch catagory?
. Which calars have we eaten more of?
Less of?

Figure 1. Harvest of The Month toolkit example: March microgreen curriculum.
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The monthly curriculum included four lesson plans that were supplementary to
teachers’ primary curriculum—this was to avoid adding too much work into teachers’
existing workload. A unique teaching practice (e.g., concept map, scripted reflective
prompts) was incorporated into each lesson plan. Teaching practice textboxes were added
next to each activity with detailed explanations of the learning science behind the teaching
practice. The design of activities was aligned with the Idaho Learning e-Guideline and
was developmentally appropriate for 3-to-6-year-old children. The content of the Farm
to ECE curriculum was also aligned with the core components of the National Farm to
School program.

Each month’s activities (see Figure 2 for examples) centered on the basic plant science
concepts related to the featured vegetables/grains/fruits while crosscutting several science
teaching traditions such as hands-on experiments, storytelling, sensory learning, and child-
led inquiry learning traditions [43,45]. For example, week 1 activity typically included an
introduction, where teachers presented the real vegetables/grains/fruits to children and
encouraged children to explore with all their senses. Week 2 activities usually included
more in-depth investigation using science experiments (e.g., sink-or-float experiments
with apples and pears) and observation (e.g., beans germination). Week 3 activities were
typically shared book reading (e.g., “A Fruit is a Suitcase for Seeds”). The purpose of the
week 4 activity was to review what they had learned in the previous weeks using physical
movements. For instance, in the “Fruit Tree Yoga” activity, children were asked to recall
the lifecycle of a fruit tree and use yoga poses to demonstrate their understanding. The
lesson plan of each week’s activities details the activity materials, procedures, and scripted
open-ended questions that teachers could use to introduce vocabulary words (e.g., beets,
rhubarb, hypothesis, investigate), encourage children to make predictions/hypotheses (e.g.,
“Will the apple sink or float?”), investigate the phenomenon (e.g., “Let us fill the bucket
and find out which one sinks and which one floats.”), observe and collect evidence (e.g.,
teachers will record children’s hypotheses and the experiment results on a large Post-It
easel pad), and discuss the experiment results (e.g., “Take a look at your hypotheses, did
you guess it right?”, “Why do you think the apple floats but the pear did not?”).

Figure 2. Photographs of the PD program implementation. Note. Left to right: bean germination
experiment, bean germination journal, and visiting a local granary.

Metacognitive knowledge (i.e., knowledge about the person, teaching strategies, and
teaching tasks [25]), was incorporated into the PD in various forms based on previous
research on metacognition intervention. For instance, teachers were required to complete
quarterly self-reflection journals and pre- and post-PD assessments [86]. Also, teachers
were explicitly taught about metacognition, SRL, science content knowledge related to the
curriculum, and science teaching practices (e.g., problematizing modeling, questioning,
concept map) using monthly online training modules [91]. Moreover, metacognitive skills
(i.e., planning, monitoring, and evaluation) [14] were translated into the PD as journal
reflection, workshop, and in-person observation by a trained research assistant [93].
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2.3. Procedure

Farm to ECE is a three-year project, and the data presented in this paper were from
the year-1 cohort. The year-1 project spanned from September 2022 to May 2023. At the
beginning of the PD program in August 2022, teachers participated in a two-and-half
hours orientation workshop, led by the first author. The orientation covered topics such as
the Farm to ECE curriculum, PD training syllabus, early science learning, metacognition
and its application in children’s learning, data collection schedule, and Canvas tutorial.
Before and after the PD program (i.e., August 2022 and May 2023), teachers completed a
series of online and in-person assessments for their science teaching efficacy, metacognitive
awareness, science teaching and environment quality, and SRL rating scales. In particular,
teachers were required to complete an SRL rating scale for each of the six randomly selected
children (with parental consent) in their class during pre- and post-test. During the first
week of each month, every teacher received a “Harvest of the Month” toolkit (the toolkit
content is described in a previous section) and was required to complete the monthly online
training module prior to implementing the curriculum activities by reviewing the online
training materials. Teachers’ online engagement statistics (e.g., page viewing frequency and
duration, etc.) were monitored by the research assistants. The fidelity of the implementation
data were collected using an observation tool—Science Teaching and Environment Rating
Scale (STERS, [94], a = .94)—at two different time points in November 2022 and April 2023.
For each STERS data collection session, trained research assistants observed one Farm
to ECE curriculum activity in the classroom and interviewed teachers about their lesson
planning and instructional decision-making process after the observation on the same day.
The observation field notes and interview transcripts were then independently scored by
two trained research assistants using a validated rubric. Upon program completion, each
participating teacher received ninety PD credits and a USD 1500 stipend.

2.4. Measurement Instruments
2.4.1. Children’s SRL

We measured children’s SRL using the Children’s Independent Learning Development
checklist (CHILD; o = .97; [19]; Appendix A). CHILD is a teacher-reported rating scale
that measures children’s SRL behaviors. The instrument contains four subscales: cognitive
(seven items, e.g., the child adopts previously heard language for own purposes), motiva-
tional (five items, e.g., the child plans own tasks, targets, and goals), prosocial (five items,
e.g., the child shares and takes turns independently), and emotional subscale (five items,
e.g., the child can monitor progress and seeks help appropriately). Each subscale uses a
four-point Likert scale ranging from Never (1) to Always (4). Given the time commitment
of the entire teacher- and child-assessment battery, we did not include the Emotional and
Prosocial subscales to avoid overwhelming teachers.

2.4.2. Science Teaching and Environment Quality

Science learning environment quality was measured by the Science Teaching and
Environment Rating Scale (STERS; [94], « = .94; Appendix B). STERS assesses the quality of
science teaching and environment in early childhood classrooms by drawing on classroom
observation and teacher interview data. Trained research assistants observed the classroom
science learning environment and a science learning activity from the Farm to ECE curricu-
lum twice a year in the spring and fall semesters. The research assistants then interviewed
the teachers about their instructional decision making using a structured interview protocol
(Eight questions, e.g., What have you learned about children’s understanding of this topic
up to this point? Do you use this information for planning, if so, how?). In total, there were
40 observation field notes and 40 interview recordings (average length: eight minutes).

Observation field notes and interview transcripts were scored on a 4-point validated
rubric (1 = deficient to 4 = exemplary) across eight indicators: (1) creates a physical
environment for inquiry and learning (e.g., provides access to science learning materials),
(2) facilitates direct experiences to promote conceptual learning (e.g., engages learners and
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assists their learning), (3) promotes the use of scientific inquiry (e.g., intentionally facilitates
science process skills), (4) creates a collaborative climate that promotes exploration and
understanding (e.g., fosters a science learning environment where children’s ideas are
valued), (5) provides opportunities for extended conversations (e.g., promotes multi-turn
discussion), (6) builds children’s vocabulary (e.g., introduces new words), (7) plans in-depth
investigations (e.g., provides sufficient time for exploration), and (8) assesses children’s
learning (e.g., uses on-going assessments). Two trained research assistants scored the
observation and interview data independently (x = .91). Each teacher’s STERS score was
derived from two sets of observations and interviews collected in the fall and spring
semesters. RAs resolved the scoring differences by discussing the scoring results with the
lead author.

2.4.3. Teachers’ Science Teaching Efficacy

Teachers’ science teaching efficacy was measured by the Science Teaching Efficacy and
Beliefs (STEB; [95], astep = .90; Appendix C) and Science Teaching Outcome Expectancy
(STOE; astor = .93) subscales in the Elementary Teacher Efficacy and Attitudes toward
STEM Surveys (T-STEM; [95]). STEB and STOE are five-point Likert scales that include
40 items in total. An example of a STEB scale item is “When a student has difficulty under-
standing science concept, I am confident that I know how to help the student understand
it better”. An example of a STOE scale item is “Students’ learning in science is directly
related to their teacher’s effectiveness in science teaching”.

2.4.4. Teachers’ Metacognitive Awareness

The Metacognitive Awareness Inventory for Teachers (MAIT; [96]; Appendix D) was
used to measure teachers” metacognitive awareness. The MAIT involves 24 items on a
five-point Likert scale ranging from strongly disagree (1) to strongly agree (5). The three
subscales that measure metacognitive knowledge are declarative knowledge (« = .63, e.g., I
am aware of the strengths and weaknesses in my teaching), procedural knowledge (« = .61,
e.g., [ try to use teaching techniques that worked in the past), and conditional knowledge
(« = .63, e.g., I use different teaching techniques depending on the situation). The three
subscales that measure metacognitive regulation are planning (« = .73, e.g., I organize my
time to best accomplish my teaching goals), monitoring (x = .71, e.g., I ask myself questions
about how well I am doing while I am teaching), and evaluating (« = .76, e.g., I ask myself
if I could have used different techniques after each teaching experience).

2.4.5. Qualitative Data Collection

For the qualitative data collection, teachers completed four online quarterly reflection
journal entries on Canvas. Each entry included five writing prompts that required teachers
to reflect on and provide examples of children’s activity engagement, things that went well,
challenges they encountered, and teaching strategies or science background knowledge
that they wished they knew more about (e.g., How was children’s engagement? What did
not go as planned and how did you resolve it?).

2.5. Data Analysis

We first conducted descriptive analysis to examine the normality of the data and test
the assumptions for the subsequent analysis. A series of repeated measures analyses of
variance (ANOVA) [97] were used to test the first two hypotheses. Teachers” and children’s
outcome variables were entered as the dependent variables in each model, respectively. To
test the third hypothesis, we used linear mixed models to account for the data’s nested
structure (i.e., children were clustered in classrooms/teachers). Individual children’s
scores were centered at the group level to improve the results” interpretability [98]. Fully
unconditional models were run before adding predictors [99]. Intraclass correlation (ICC)
indicated that the common variance shared at the cluster level (ICCeoq = .12, ICCypyot = .24)
warranted the use of linear mixed modeling [99]. Child-level variables were then entered
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at level-1, and teacher-level variables were entered at level-2. Software R (Version 4.3.1)
and R package Ime4 [100] were used.

Qualitative data were analyzed using a thematic analysis method to identify recurring
patterns in the data [101]. A trained graduate research assistant combed through teachers’
reflection journal entries and assigned open codes to emerging phenomena. The research
assistant then conducted axial coding by further grouping open codes into larger categories
(i.e., axial codes) and identifying the relations between the axial codes. For the final step,
the leader author and three research assistants held a meeting to discuss axial coding results
and emerging themes. Detailed memos, peer debriefing, and the involvement of multiple
coders enhanced the credibility of the qualitative data analysis [102].

3. Results

In this section, we describe the data analysis results organized by using the research
questions. We first present whether and to what extent the PD program impacted chil-
dren and teachers’ outcomes, and then discuss the relation between science teaching and
environment quality improvement to children’s SRL scores. Finally, we review the quali-
tative evidence of teacher-reported children’s learning and challenges related to the PD
program implementation.

3.1. PD’s Impact on Teachers” Metacognitive Awareness and Science Teaching Efficacy

A series of repeated measures ANOVA were used to answer RQ1: Does the education
intervention lead to a significant gain in teacher-level outcomes, as measured by science
instructional environment quality, teachers’ science teaching efficacy, and metacognitive
awareness? We did not control any covariates because this study adopted a within-subject
repeated measure experimental design; therefore, potential covariates such as teachers’ de-
grees and years of teaching experience were already controlled. Although our sample was
slightly smaller than the target sample size, the data analysis results showed some positive
effects of the PD program on teachers” outcomes (Figure 3), which partially confirmed our
first hypothesis. Specifically, after the PD program, there was an increase in teachers’ sci-
ence teaching efficacy beliefs (Feficac, (1, 19) = 11.12, p =003, n* = .37, average score increase
post-PD: 4.15) and science teaching outcome expectancy (Fexpectancy(1, 19) = 4.33, p = .05,
1% = .19; average score increase post-PD: 2.55). Also, teachers’ metacognitive knowledge
awareness showed meaningful improvement after the PD program (Fauwawre(1, 19) = 6.90,
p = .02, n* = .27, average score increase post-PD: 2.65). Contrary to what was expected,
teachers” metacognitive regulation skills were not statistically different before and after the
PD (Freg(1, 19) = 1.76, p = .20).

3.2. Children’s SRL

To answer RQ2—Does the education intervention lead to a significant gain in children’s
SRL scores?—we conducted linear mixed modeling with child outcomes at level-1. There
was no predictor added at level-2, which only accounted for the unobserved variance
explained by the class/teacher differences. The cognitive and motivational subscales
showed satisfactory reliability in our sample (@cog =96, ot = .90). The results indicate
that there was an increase in teacher-reported children’s cognitive skills (F(1, 109) = 20.08,
p < .001, % = .16), with an average of 1.68 points increase after the PD. There was also
a significant improvement in children’s learning motivation (F(1, 109) = 13.50, p < .001,
5% = .11), with an average of .14 points increase post-PD (Figure 3). The data analysis results
confirm our second hypothesis.

3.3. The Association between Science Teaching and Environment Quality and Children’s SRL

To answer RQ3—To what extent are changes in young children’s SRL related to science
teaching and environment quality?—Ilinear mixed modeling was used with children’s
cognitive and motivation gain scores (i.e., post-test scores minus pre-test scores) at level-1
and teachers’ science teaching and environment quality at level-2. Note that the science
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teaching and environment quality scores were not used as pre-test and post-test scores
because data were collected in November 2022 and April 2023 for fidelity monitoring
and PD coaching purposes. The science teaching and environment quality scores were
derived from data collected at both time points in order to better represent the quality of
the science instructional environment. The results showed that gain scores in the cognitive
(H(14) = 2.33, B = .24, p = .02) and motivational (f(14) = 2.16, = .15, p = .03) aspects of
SRL were significantly associated with the quality of science instructional practices and
learning environment. In other words, children tended to have better SRL skills when their
teachers had better science teaching practices and when their classroom environment was
conducive to science learning.
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Figure 3. Teacher’s and children’s pre-test and post-test results. Note. * p <.05, ** p < .01, *** p < .001,
C = child, Cog = cognition, MK = metacognitive knowledge, Mot = motivation, MR = metacognitive
regulation, STEB = science teaching efficacy beliefs, STOE = science teaching outcome expectancy.

3.4. Qualitative Evidence

To answer RQ4—What insights can be gained from teachers’ reporting of children’s
learning during the education intervention?—we used a thematic analysis method to
analyze teachers’ structured reflection journals. The results are discussed by themes below.

3.4.1. Children’s Learning Interests and Engagement

Teachers’ written reports revealed evidence of children’s strong interests in the curricu-
lum materials, particularly those hands-on activities (e.g., bean germination experiment,
learning games, and fruits/vegetables/grains exploration). For example, a teacher wrote:
“Opwerall, their engagement was exceptional. Each child had an excitement in the fruits and veg-
etables being discussed and we were all able to connect over different home/life experiences with
the material and the lesson”. Another teacher reflected: “My preschoolers loved learning about
fruits and vegetables during September and October. . .. having the actual fruits and vegetables to
see, smell, feel, and taste was very fun for them!”. However, several teachers mentioned that
younger preschool children tended to lose interest quicker than older children.

3.4.2. Science Activities Support Learning in Other Subject and Developmental Domains

The Farm to ECE curriculum primarily focused on the teaching of basic plant science
concepts; however, qualitative data analysis showed evidence that this curriculum also
supported children’s learning in other subject domains (e.g., literacy, mathematics) and
developmental domains (e.g., inquiry skills and self-regulation skills). For example, a
teacher reflected on teaching children thinking vocabulary (i.e., predict, observe, compare):
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In week one of September, the “thinking vocabulary” was very beneficial for myself and
my students. We explicitly went over each of the vocabulary terms, and then we dove
right into the lesson. During the lesson, I repetitively used the words “predict, observe,
and compare”, and I could tell that my students felt like little scientists, which is exactly
what they were!

A teacher reflected on children’s inquiry and mathematics skills during the bean
germination experiment: “My class enjoyed playing, sorting, and weighing beans. We germinated
them as instructed in plastic bags first then transferred them to bigger containers. We started
measuring and taking notice of how fast or slow each plant grew”. Another teacher wrote about
how children document evidence in the bean germination experiment: “The child loved
to watch the different beans grow and then be able to draw the progress on their journal. They
would always ask to see how much the beans have sprouted!”. The same teacher also reflected
on how children were motivated to initiate new investigations: “The best highlight is the
children asking if we could plant our own seeds from our apples and what other vegetables we could
grow in our garden”. A different teacher described children’s self-regulation skills during a
small-group activity: “The children patiently waited their turn and followed directions well when
we planted their bean plant”.

4. Discussion

The goal of this ongoing three-year study is to examine the effect of a metacognitive-
driven, experiential early science instructional intervention on children’s SRL and to explore
the relation between science instructional environment quality and the improvement in
children’s SRL. Quantitative and qualitative analyses of the year-1 data showed that the
PD program yielded positive impacts on teachers” and children’s outcomes, such as science
teaching efficacy, metacognitive awareness of teaching, and children’s SRL. We also found a
small but significant correlation between science instructional environment quality and the
children’s improvement in SRL. In this section, we discuss our research findings, limitations,
and future directions.

4.1. Early Science Education and Children’s SRL

As expected, we found a statistically significant increase in both the cognitive and mo-
tivational aspects of young children’s SRL after the PD program (controlling for children’s
age), and this improvement was positively associated with the quality of science teaching
and environment quality. Our quantitative finding was supported by teachers” qualitative
reports of children’s learning interests and inquiry skills (e.g., observe, document, initiate
new investigation). The connection between children’s SRL skills gains and early science
teaching and environment quality could imply that early science learning promoted young
children’s SRL [55]. The positive association between science teaching environment quality
and children’s SRL in our study, although interesting, did not warrant causation. We en-
courage future researchers to employ a randomized control trial to investigate the potential
causal relation between early childhood science education and SRL, as well as to unpack
why this relation exists.

Despite the benefit of early science learning, science is an overlooked subject area
in early childhood classrooms. For instance, on average, preschool teachers dedicated
only 9% of classroom learning time to science, which is significantly lower than literacy
(30%) and math (19%) [74]. The current state of early science learning could be due to
insufficient teacher training about science pedagogical content knowledge [79] and the lack
of resources [80], in particular the lack of developmentally appropriate science curriculum
that also touches on other subject and developmental domains (e.g., literacy, math, social-
emotional development).

The Farm to ECE curriculum filled the gaps described above by integrating literacy and
mathematics contents in the science curriculum while promoting children’s self-regulation
skills. For example, in the “Peaches & Plums” unit, children not only learned science con-
cepts about fruits (e.g., lifecycles and growing conditions) but also new vocabulary words
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(e.g., pit, fuzz, and ripe). In the “Radishes” unit, children gained mathematic competency
by measuring and weighing radishes and exercising their self-regulation skills in a small
group activity where children used scientific tools (e.g., magnifying glasses and scales) to
explore radishes. Moreover, this curriculum uses locally sourced fruits/vegetables/grains
as children’s place-based hands-on learning materials, which were connected with rural
children and teachers’ lived experiences. Our finding is supported by the results from a
recent meta-analysis study: teacher-administered interventions targeting children’s SRL
yielded a bigger effect than those administered by interventionists, possibly due to teachers’
extensive knowledge about their children and the ability to conduct immersive training that
encouraged knowledge transfer [86]. Given the positive impact of early science learning
on children’s SRL, as indicated by our data analysis results, future researchers and early
childhood policymakers should create and fund evidence-based, integrative early science
curricula; such curricula should also be supplemented by teacher training to maximize its
benefit [71].

4.2. The PD’s Impact on Teachers” Outcomes

As for the teacher-level outcome, our data analysis results showed that the metacognition-
driven early science learning PD meaningfully improved early childhood teachers’ science
teaching efficacy. It is worth noting that we observed an increase not only in teachers’
science teaching efficacy beliefs but also outcome expectancy post-PD. Previous research
has shown that early childhood teachers’ training did not necessarily lead to positive
changes in the outcome expectancy aspect of science teaching efficacy [103]. In other
words, teacher training that focuses on content knowledge and pedagogy may increase
teacher-perceived science teaching ability but not the perceived impact of their teaching. A
plausible explanation is that science teaching outcome expectancy involves many factors
beyond teachers’ control, such as children’s learning interests and contextual factors (e.g.,
resources and behavior management) [104]. We credit the increase in teachers’ science
teaching outcome expectancy in our program to the immersive, hands-on curriculum. The
Farm to ECE PD program uses a year-long supplementary curriculum to accompany the
monthly online training, and this combination possibly aided the translation of pedagogical
content knowledge to classroom teaching practices, therefore leading to increased science
teaching outcome expectancy. Future work is needed to understand the multifaceted
factors that contribute to teachers’ knowledge transformation to classroom practices (e.g.,
PD training regimen, curriculum, teacher attitudes, and class sizes).

Our results also showed an increase in teachers” metacognitive knowledge about
their teaching practices; however, the PD did not have an effect on their regulation skills
regarding teaching (i.e., planning, monitoring, and evaluation). The Farm to ECE program
adopted several ways to enhance teachers’ metacognitive awareness for teaching. For
instance, we added “Teaching/Classroom Management Strategies Boxes” to each curricu-
lum activity to explain the science behind these evidence-based instructional practices and
how to use them with young children. These practices were explained in greater detail in
teachers” monthly training videos on the online PD platform. The curriculum activities
allowed teachers to practice using the teaching/classroom management strategies taught in
the PD. In addition, teachers were asked to write quarterly reflections about their classroom
implementations. The Farm to ECE PD design echoed previous successful PDs that aimed
to enhance teachers’ and students” metacognition [105-107].

As to the null finding on teachers” metacognitive regulation skills, a possible explana-
tion is the need for more teachers’ autonomy in our program. The current Farm to ECE PD
program was prescribed to teachers—the lesson plan, learning goals, activities, and materi-
als were predetermined in the monthly curriculum. As a result, there was not much room
in the curriculum for teachers to proactively exercise their planning, monitoring, and evalu-
ation skills. Future PD programs could consider using a semi-structured PD framework to
allow teachers to co-design the PD with researchers in order to promote teachers” autonomy
and metacognitive regulation skills [83]. Another possible explanation for the null finding
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is related to measurement. The MAIT explores a teacher’s self-reported measurement and
is not designed for any specific grade level or content area [96]. Therefore, MAIT items may
not accurately reflect early childhood teachers” metacognition related to science teaching,
and teachers’ responses may be subject to social desirability [108]. Content-specific direct
measurements of teachers” metacognition are needed in order to provide reliable data on
teachers” awareness of their content and pedagogical knowledge. Future researchers could
consider developing such measurements using a response-contingent signal detection
approach (i.e., type-2 signal detection). Basokc¢u and Gtizel [109] successfully created this
type of instrument to measure elementary teachers’ mathematics teaching metacognition.
Such a measurement approach could be expanded to other grades and content areas.

4.3. Limitations and Future Directions

In this section, we discuss several limitations and how future research may overcome
these limitations and advance studies on metacognition and early science teaching and
learning. First, the participants in our study were predominately White and from rural
areas of Northern Idaho, and the sample size was slightly underpowered. Therefore, our
sample was homogenous and is not representative of the larger population in the U.S. The
results from this study should be interpreted within their context. Future research should
consider recruiting a larger sample from a more demographically diverse population (e.g.,
urban, inner city). Secondly, a number of measurements used in this study were self-
reported and teacher-reported instruments (e.g., CHILD, STEB, STOE, and MAIT), which
may have introduced social desirability bias and rater’s bias [108]. Future researchers who
are interested in a similar topic should consider using or creating direct measurements of
children’s SRL [110] and teacher’s metacognitive awareness in teaching [109]. Third, the
outcome of the PD was measured immediately after the program, and we do not have data
to demonstrate the long-term impact of this program. Future PD studies should examine
delayed effects as well as acute effects in order to investigate the possible lasting impact
and transfer effects of a PD program. Fourth, the qualitative data collected in this study
(i.e., reflection journals) lacked richness. Additional qualitative data, such as teachers’
interviews, will enable a more in-depth interpretation of results from this mixed-methods
study. Fifth, child-level outcomes were limited to SRL, and measurements that assess
children’s science learning conceptual changes were absent. Future studies should measure
not only changes in children’s learning skills but also knowledge retainment as well. The
sixth limitation is related to the PD design. Although we created curriculum activities
that promote sensory learning and child-directed exploration, there is a lack of immersive
problem-based learning. To improve the current design, we plan to create more open-ended
inquiry learning tasks (e.g., germinating and growing beans, creating compost) to better
instill the idea that science is a dynamic discovery process. Last but not least, we only used
the cognitive and motivational subscales of CHILD. We decided to not include emotional
and prosocial subscales to lessen teachers” workload, given their existing tasks. Future
work is needed to examine the relation between science learning and all aspects of SRL.

5. Conclusions

Self-regulated learners are competent at setting learning goals, selecting effective
learning strategies, monitoring and evaluating task performances, and persevering despite
challenges [4]. We argue that early science learning might be an overlooked prime context to
supporting children’s self-regulated learning (SRL) because science activities capitalize on
children’s innate curiosity and allow children to exercise the motivational (meta)cognitive
and self-regulation aspects of SRL. Our research findings show the potential of supporting
children’s SRL by training early childhood teachers to conduct science activities using a
combination of professional development and experiential curriculum. Particularly, chil-
dren’s improvement in SRL could in part be attributed to teachers’ skillfulness in leading
science activities (e.g., promoting children’s inquiry learning and sense-making) and the
quality of the science learning environment (e.g., a classroom containing developmentally
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appropriate science materials that afford exploration and learning). Overall, the Farm to
ECE program supported children’s SRL, holistic understanding of basic plant science con-
cepts and science process skills, and teachers’ science teaching efficacy and metacognitive
awareness as well.

Our study also has implications regarding the unique challenges and strengths related
to conducting education research with rural populations in the U.S. Idaho ranks 44th of
the 50 states in population density, averaging 22.3 per square mile [111] As a result, we
were only able to enroll 20 childcare centers. The majority of the childcare centers in this
study were located in dispersed rural areas within a 2 h radius from the lead author’s
university, which inevitably increased the cost of delivering PD materials and instructional
coaching. However, the teachers seemed to be very enthusiastic about the PD content, and
only one teacher dropped out due to not having enough eligible children in her classroom.
We attribute our high retention rate to the fact that early childhood teachers, especially
those in remote rural areas, receive very limited financial and training support and are
eager for content-rich PD and curriculum that are related to their lived experiences in
rural areas (i.e., agriculture, gardening). Early childhood teachers in rural areas are one of
the least studied populations, and future researchers should be mindful of the challenges
and strengths associated with conducting research with this population. In particular,
place-based PD (e.g., PD centered on the farm culture) seemed to gain traction among
rural teachers. Future researchers and policymakers should continue to create and support
place-based, experiential PD and curriculum for early childhood teachers and children in
rural communities.
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Appendix A. Children’s Independent Learning Development Checklist
Based on your recent observation of the child in the past two months, this child:

Self-Regulated Learning Skills Always Usually  Sometimes Never
Emotional

1.  Can speak about own and others’ behavior and Consequences.

2 Tackles new tasks confidently.

3. Can control attention and resist distraction.

4 Monitors progress and seeks help appropriately.

5 Persists in the face of difficulties.
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Self-Regulated Learning Skills Always Usually  Sometimes Never

Prosocial

1. Negotiates when and how to carry out tasks.

2. Can resolve social problems with peers.

3. Shares and takes turns independently.

4. Engages in independent cooperative activities with peers.

5. Is aware of feelings of others and helps and comforts.

Cognitive

1. Is aware of own strengths and weaknesses.

2. Can speak about how they have done something or what they
have learned.

3 Can speak about future planned activities.

4 Can make reasoned choices and decisions.

5. Asks questions and suggests answers.

6 Uses previously taught strategies.

7. Adopts previously heard language for own purposes.

Motivational

1. Finds own resources without adult help

2 Develops own ways of carrying out tasks

3 Initiates activities

4, Plans own tasks, targets, and goals

5 Enjoys solving problems

Appendix B. Science Teaching and Environment Quality

Note. Only the interview protocol is shown in Appendix B due to the size of the full
instrument and copyright issues. Interested users can contact the Educational Development
Center https:/ /edc.org/ (accessed on 6 May 2024) for the full instrument and training.

Introduction Script

Today is (month/day/year), I'm with

number . Ijust observed the activity featuring

we are simply interested in your opinion.

Interview Questions

(teachers’ name), ID
(fruit/veggie/grain).
I have 4 questions about the activity you did today. There are no right or wrong answers,

1. Reflect on the activity you did today, how did you prepare for this topic? How did

you introduce the children to this topic?

2. What have you learned about children’s understanding of this topic up to this point?

a. How have you learned this?
b. Do you document learning in any way?
C. How do you keep and use your information about children’s science learning?

“Science” here refers to the food and agriculture knowledge in the Farm to

ECE curriculum.
d. Do you use this information in planning? If so, how?

3. What additional materials and activities do you plan to provide related to this topic

and why?

4. What are the most important strategies you use to support children’s science learn-

ing? “Science” here refers to the food and agriculture knowledge in the Farm to

ECE curriculum.
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Appendix C. Science Teaching Efficacy Beliefs and Outcome Expectancy

There are no right or wrong answers in this list of statements. It is simply a matter
of what is true for you. Read every statement carefully and choose the one that best
describes you.

Strongly
Disagree (1)

Disagree (2)  Neutral (3) Agree (4)

Strongly
Agree (5)

Science Teaching Efficacy Beliefs

I am continually improving my science teaching practice.

I know the steps necessary to teach science effectively.

I am confident that I can explain to students why science
experiments work.

I am confident that I can teach science effectively.

I wonder if I have the necessary skills to teach science.

I understand science concepts well enough to be effective in
teaching science.

Given a choice, I would invite a colleague to evaluate my
science teaching.

I am confident that I can answer students’
science questions.

When a student has difficulty understanding a science
concept, I am confident that I know how to help the student
understand it better.

When teaching science, I am confident enough to welcome
student questions.

I know what to do to increase student interest in science.

Science Teaching Outcome Expectancy

When a student does better than usual in science, it is often
because the teacher exerted a little extra effort.

The inadequacy of a student’s science background can be
overcome by good teaching.

When a student’s learning in science is greater than
expected, it is most often due to their teacher having found
a more effective teaching approach.

The teacher is generally responsible for students’ learning
in science.

If students’ learning in science is less than expected, it is
most likely due to ineffective science teaching.

Students’ learning in science is directly related to their
teacher’s effectiveness in science teaching.

When a low achieving child progresses more than expected
in science, it is usually due to the extra attention given by
the teacher.

If parents comment that their child is showing more
interest in science at school, it is probably due to the
performance of the child’s teacher.

Minimal student learning in science can generally be
attributed to their teachers.

Appendix D. Metacognitive Awareness Inventory for Teachers

There are no right or wrong answers in this list of statements. It is simply a matter
of what is true for you. Read every statement carefully and choose the one that best
describes you.

Strongly Disagree

Disagree (1) @ Neutral (3) Agree (4)

Strongly
Agree (5)

. I am aware of the strengths and weaknesses in my teaching.

. I try to use teaching techniques that worked in the past.
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Strongly
Agree (5)

Strongly

Disagree (1) Disagree (2)  Neutral (3) Agree (4)

. I use my strengths to compensate for my weaknesses in
my teaching.

. I pace myself while I am teaching in order to have
enough time.

. I ask myself periodically if I meet my teaching goals
while I am teaching.

. I ask myself how well I have accomplished my teaching
goals once I am finished.

. I know what skills are most important in order to be a
good teacher.

. I'have a specific reason for choosing each teaching
technique I use in class.

. I can motivate myself to teach when I really need

to teach.
. I set my specific teaching goals before I start teaching.
. I find myself assessing how useful my teaching

techniques are while I am teaching.

. T ask myself if I could have used different techniques
after each teaching experience.

" I have control over how well I teach.

. I am aware of what teaching techniques I use while I
am teaching

. I use different teaching techniques depending on
the situation.

= I ask myself questions about the teaching materials I am
going to use.

. I check regularly to what extent my students
comprehend the topic while I am teaching.

. After teaching a point, I ask myself if I'd teach it more
effectively next time.

. I know what I am expected to teach.
. I use helpful teaching techniques automatically.
. I know when each teaching technique I use will be

most effective.

. I organize my time to best accomplish my teaching goals.

. I ask myself questions about how well I am doing while I
am teaching.

. I ask myself if I have considered all possible techniques
after teaching a point.
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Abstract: All children, including emergent multilingual learners (EMLs), are primed to engage
with science from an early age. Yet preschool educators traditionally have not been offered in-
depth professional learning (PL) in science, how to teach it effectively to young EMLs, and how to
communicate its importance to families. This quasi-experimental study investigated a partnership
model designed to engage early educators, children’s families, informal science educators, and STEM
role models at an informal science learning environment (ISLE)in collaboratively supporting high-
quality science experiences for young EML children at school, at home, and in the community. The
study examined the effects of a multi-faceted PL program on educators’ beliefs and attitudes toward
science and their classroom instructional practices. Caregivers were surveyed and interviewed to
assess their beliefs and attitudes around early science learning. Results indicated that educators in
the treatment condition gained confidence in supporting science with EMLs and showed significant
increases in instructional quality relative to comparison classrooms. Caregivers rated themselves as
more confident in supporting science with their children. Promoting partnerships between preschools
and ISLEs can be an effective way to power up educators” and families” capacities to activate young
EMLs’ science inquiry, learning, and language development across multiple contexts.

Keywords: early childhood science education; preschool education; children’s learning;
teacher professional learning; emergent multilingual learners (EMLs); family engagement

1. Introduction

Young children are naturally curious. In their efforts to make sense of the world
they live in, they engage with their surroundings in scientific ways: by exploring, ask-
ing questions, investigating, and making observations. Indeed, all children—including
emergent multilingual learners (EMLs)—are primed to engage with science. Critically, in
the early years, high-quality science experiences build a sturdy foundation for children’s
later learning [1,2]. When children’s exploratory play and inquiry is guided by nurturing,
engaged adults, it can promote the development of science, technology, engineering, and
mathematics (STEM) habits of mind, including persistence, motivation, and flexible think-
ing [3], while also fostering children’s self-efficacy and positive attitudes toward doing and
learning science [4]. Moreover, high-quality science experiences provide rich, cognitively
challenging content for children to engage with [5]. Yet, one of the key problems facing
early childhood science education is that preschool teachers traditionally have not been
offered in-depth professional preparation to support their science teaching practice [6,7]
or to enact science experiences that incorporate the language-learning approaches that
support young EMLs [8].

Educ. Sci. 2024, 14, 785. https:/ /doi.org/10.3390/ educscil4070785 151 https://www.mdpi.com/journal /education



Educ. Sci. 2024, 14, 785

1.1. Support for Science in the Early Years

While young children are capable of engaging in scientific practices, including making
inferences, drawing conclusions, and reasoning about probability, they cannot do it alone [2,9].
When children’s science experiences are guided by knowledgeable and engaged adults,
including their early childhood teachers and primary caregivers, they build their emerging
understanding of science concepts and encourage children’s positive attitudes toward doing
and learning science, while fostering their collaboration, communication, and creative problem-
solving skills [10]. High-quality science experiences in the early years have been linked to
children’s developing science identity and interests. Research indicates that as early as ages
3 and 4, children develop their STEM interests which, if supported, may persist over time—
and even influence their STEM learning trajectories in school and beyond [11-14].

In particular, families have the potential to be powerful facilitators of their children’s
science learning, inquiry, and interests [15-17]. A growing body of research points to the
importance of parent—child conversations—at home and in informal settings—for sparking
children’s science dispositions and supporting their problem-solving skills and conceptual
reasoning [18,19].

1.2. Challenges for Educators and Primary Caregivers in Supporting Early Science Learning

Many teachers of young children lack the knowledge and support they need to
promote children’s science learning in ways that are aligned with the current vision of a
high-quality science education that promotes inquiry, talk, and collaboration [15,20]. In
early childhood classrooms, an emphasis on reading and writing can also limit time for
these kinds of in-depth science experiences, despite the fact that science can be leveraged
as an excellent vehicle for supporting children’s early literacy learning [21,22]. EMLs may
be further disconnected from the science that does happen in classrooms because many
teachers struggle with including these students in ways that connect to the social and
academic life of the classroom [23].

For families, even the term science—often interpreted as a specific body of knowledge—can
be a barrier for caregivers who would otherwise engage their children in inquiry and
exploration [24] because they believe they lack the necessary knowledge of science content
and how to support learning it with their young children [15,20]. For caregivers with
limited economic resources, feelings of inadequacy can be particularly strong; despite
valuing learning, their self-efficacy for participating in science may be low [24,25]. Yet,
families want to know more about what science their children should be learning, how to
best support them, and home activities they can do with simple materials [15]. Families
often look to their child’s teacher to provide them with support in science and mathematics
and have reported a desire to learn from their child’s teacher, particularly in STEM content
areas [26]. Implicit biases about who does science and who can access the 21st century
STEM workforce pipeline may lead families and teachers to steer Black, Latinx, and EML
children of all ethnicities away from science and STEM opportunities [27,28]. Teachers
may undervalue the potential influence of families on their children’s science learning, and
families of EMLs especially may feel unwelcome or intimidated in the school environment
for any number of reasons [29]. Families experiencing economic hardship, especially
those whose home language is not English, often encounter unequal access to culturally
sustaining, concrete, and specific information about learning and development in their
home languages [30-32]. Despite the clear need for teachers to appropriately engage EMLs
in instruction, teacher preparation programs rarely support teachers to work with these
learners [33], and educators with more EMLs in their classroom often feel underprepared
to meet these students’ needs [34]. These factors create an insufficient support system for
EMLs that may negatively impact their science and literacy learning, their overall academic
achievement, and their enthusiasm for and interest in science [35]. But it does not have to
be this way.
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1.3. Science and Language: A Natural Fit

Access to concrete science materials and phenomena—a central feature of inquiry—provides
a particularly rich context for talk in children’s home languages as well as in English [36,37].
Supporting children to engage in inquiry-based science experiences with hands-on mate-
rials allows for the inclusion of a diverse range of learners, particularly EMLs. Learning
that focuses on doing science facilitates language development, particularly when engaged
adults encourage children to talk about what they are noticing, describe their observations,
and make sense of their findings [3,8]. Research suggests that integrating instructional
supports for language learning in the context of children’s science experiences promotes
language and literacy development in both English and science [36-38]. Science motivates
children to use oral language—a precursor to literacy—as they ask questions, talk about
their findings, and explain their thinking [36,37]. Promoting strong oral language skills and
robust vocabulary knowledge can support children’s participation in early science learning
by providing them with the words they need to think critically about science concepts and
begin to build their understanding of foundational concepts [38-42].

1.4. Forging Strong Partnerships among EMLs” Families and Educators

As a way to power up teachers and families and create a school community that
effectively supports all students, including EMLs [43,44], schools must be committed to
initiating and supporting culturally and linguistically sustaining, asset-based home—school
partnerships. The Dual Capacity-Building Framework for Family—-School Partnerships [44]
prioritizes building families” and educators’ capacities in four key areas: capabilities (skills
and knowledge), connections (networks), cognition (shifts in beliefs and values), and
confidence (self-efficacy). The Framework addresses common barriers to creating robust
home-school partnerships, including families” feelings of being unwelcome or intimidated
in the school environment and educators not necessarily viewing family engagement as
an essential part of their practice. Teachers can create a welcoming classroom culture and
connect families to children’s school learning by providing specific ideas for supporting
learning at home that are culturally and linguistically responsive and respectful. This
enables families to more fully support, encourage, and monitor their children’s school
learning, to cocreate learning opportunities at home, and to advocate for their children’s
science learning at school [44].

Much research has been carried out on early childhood learning that links culturally
and linguistically responsive teaching and support for children’s home language develop-
ment to child outcomes, including in schools and programs where teachers do not speak
the primary home languages of the children in their care [39]. These studies show that
when teacher PL incorporates knowledge of effective language teaching strategies for
EMLs that include support for the home language, it can improve EMLs’ language and
literacy outcomes [45,46]. For example, the Personalized Oral Language Learning [47]
approach employs a variety of practical strategies for teaching young EMLs that can be
applied across content-learning areas [48]. These strategies include focusing on Big Ideas,
using intentional messages, asking productive questions, facilitating talk with books and
children’s work, grouping children intentionally, and partnering with families [48].

1.5. Creating Home—School-Community Partnerships

Connecting children’s learning experiences across home, school, and community
settings can promote children’s science inquiry by enabling them to investigate and talk
about related phenomena from different perspectives and with different people [48,49].
For EMLs, these opportunities promote transfer of their conceptual and vocabulary knowl-
edge from one language to another and support bilingualism, self-efficacy, and identity
development [50-52]. Extensive research has been carried out on building STEM career
interest in middle school and beyond, but far less is known about how to promote the
foundational dispositions that will prepare young children for full engagement in the
21st century STEM workforce. We do know, however, that children’s informal science
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experiences at home and in their communities are as important, if not more important, as
school is in sparking interest in science, with families playing a critical role in fostering
children’s early STEM identities [16,53,54]. We also know that high-quality curriculum
guidance can be a valuable tool for teachers, especially when it provides suggestions for
bridging children’s experiences across home and school. SISTEM utilizes the PEEP and
the Big Wide World digital guide as a way to do this. It includes parallel school and home
activities across the three focal topics. Tips for teachers and families on supporting inquiry,
and authentic videos of home and school experiences, and all of the other PEEP resources
are publicly accessible and available in English and Spanish.

1.6. Partnering with Informal Science Learning Environments (ISLEs)

Research shows that ISLE staff and other STEM professionals who reflect children’s
and families’ ethnicities and languages can be powerful role models [55]. Opportunities to
interact with “STEM Community Helpers” in different careers who “look like me and speak
like me” may have the potential to spark EMLs” STEM interests, promote their confidence,
and encourage them to view themselves in similar roles [56]. STEM Community Helpers
can also counter some of the biases that families and teachers may hold about who is
capable of doing and learning science and promote a shared vision of science inquiry as a
vehicle for supporting EMLs’ future access to the STEM pipeline [56-58].

Likewise, ISLEs, such as science museums and science centers, provide opportunities
for self-directed exploration and inquiry. Families” ISLE experiences and interactions in
these settings have been linked to children’s early STEM passions for specific objects, topics,
and phenomena [16,59]. When families engage in STEM learning with their children in
ISLEs—become actively involved; respond to their goals, interests, and wonderings (e.g.,
What does this do? How does this work? Why does this happen?); make connections between
STEM phenomena and children’s everyday lives; and engage in reciprocal family “science
talk”—they can fuel formation of their children’s STEM identities [60-63]. Early childhood
education staff, who already have strong, trusting relationships with families, can act as a
bridge, helping families initiate and sustain relationships with ISLEs, ISLE educators, and
local STEM professionals in the community [64-66].

1.7. Theoretical Underpinnings

Our theory of change is grounded in Bronfenbrenner’s Ecological Systems Theory [67],
which posits that children simultaneously grow and develop within different ecosystems,
from the most intimate family and home ecological system, moving outward to educational
systems, and then to the larger community. Each system inevitably interacts with and
influences the others in every aspect of the child’s life. We hypothesize that creating a
home-school-community partnership that infuses each level of the learning ecosystem with
positive attitudes toward science and opportunities for children to engage with high-quality
science practices will shift educators’ and families’ beliefs and attitudes about science and
the value of their own presence in science learning. Taking a sociocultural approach to
science, we honor alternative ways of knowing, learning, and interacting around science,
and emphasize science identity as a multifaceted construct shaped largely by the implicit
and explicit messages children receive from their families, educators, respected community
members, and society at large [68-71].

1.8. Overview of Current Study

To address the needs described above, EDC and the Connecticut Science Center (CSC)
joined forces with five community-based early childhood programs to develop a program
for home-school-community partnership that supports science learning for young EMLs:
Supporting Science Inquiry, Interest, and STEM Thinking for Young Dual Language Learners
(SISTEM). In this paper, we describe a quasi-experimental pilot study of the SISTEM
program for home-school-community partnerships to support science learning for young
EMLs that uses a mixed-methods approach to address the following research questions:
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RQ1. Is SISTEM participation associated with preschool educators’ self-efficacy in
science teaching and in engaging EMLs and their families in science?

RQ2. Is SISTEM participation associated with increased quality of preschool educators’
science teaching?

RQ3. Is SISTEM participation associated with preschool caregivers’ positive beliefs
and attitudes about supporting their children’s science learning and interest in STEM?

2. Materials and Methods
2.1. Setting

This study took place in Hartford, Connecticut, in partnership with CSC and five
community preschool programs, all of which serve a diverse population of children and
families that includes EMLs. The city has the lowest median income and the highest
poverty rate in the state [72] in the areas in which the programs are located, and community
members deal with high rates of unemployment, violent crime, and food insecurity [73]
with 49% of residents living below the federal poverty line and only 38% earning high
school degrees. Yet, this community is rich in cultural funds of knowledge, skills, abil-
ities, resources, strengths, and aspirational, navigational, social, linguistic, and familial
capital [74-76].

The CSC was an ideal project partner and central setting for this project as its aim is to
bring to life its mission statement, “to develop the minds of future thinkers and inventors
who will compete in the global marketplace for technology and innovation”, for all the
city’s children, including its very youngest. To do so, CSC recruits local STEM organizations
and professionals who facilitate science and engineering activities for families and act as
community STEM role models.

2.2. Post-Pandemic Challenges

This study occurred during the 2022-2023 school year. While we were able to meet in
person for the PL sessions and the “I Love Science!” events held at CSC, many programs
were operating fewer classrooms than they had pre-COVID-19 due to staff shortages. Many
families were on waitlists to enroll, but programs were struggling to hire staff. Additionally,
some programs had continued their COVID-19-related restrictions on allowing outside
guests and families into schools. Given these limitations and the continued uncertainty of
visitor policies, we held some components of the program virtually.

2.3. Program: The SISTEM Model

The full SISTEM model was organized around three topics of study: Water in the
fall, Ramps in the winter, and Shadows in the spring. It included three PL instructional
sessions for educators and program staff, collectively referred to as the Inquiry Institute;
six virtual professional learning community (PLC) meetings customized to meet the needs
of educators and staff at individual programs; three PE collaborative workshops, mainly
held remotely but with two programs opting to independently organize and facilitate the
third one onsite; and three “I Love Science!” events held at CSC in fall, winter, and spring.
These all-inclusive events, held at the beginning, middle, and end of the program year,
were designed to bring all project participants and teams together with their own families
to experience and engage with the exhibits and a variety of activities facilitated by ISLE
educators and local STEM Community Helpers. Resources included three classroom science
kits for participating classrooms, one for each topic of study, and three smaller topic-specific
kits for each participating family. Educators and families also received information and
guidance for using digital resources to support children’s home, school, and community
explorations of each topic.

The most central digital resource was the PEEP and the Big Wide World suite of online
materials, which included guidance for facilitating Water, Ramps, and Shadows experi-
ences with young children at home and school; tips for teachers and families on supporting
inquiry; and a wealth of short videos illustrating authentic classroom and family explo-
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rations of these topics. All PEEP resources are publicly accessible on computers, tablets,
and smartphones and available in English and Spanish. We also created digital resources,
such as “unboxing” videos for families, providing suggestions for how families might use
the materials in the home science kits to support topical explorations with their children
(see Table 1 for the program components). All of these events and resources worked toward
advancing six program objectives, described in Section 2.4.

Table 1. SISTEM program components.

Water Ramps Shadows
PL Session 1 (6.5 h). PL Session 2 (6.5 h) PL Session 3 (6.5 h).
Tools for language-rich Tools for language-rich Tools for language-rich inquiry
Inquiry Institute inquiry during a Water study.  inquiry during a Ramps study. during a Shadows study.
Immersive experiences. Immersive experiences. Immersive experiences.
Two Zoom meetings: Two Zoom meetings: Two Zoom meetings:
Professional Learning 1.  Classroom practiceand 1.  Classroom practiceand 1.  Classroom practice and
Communities (PLCs) PEEP resources. PEEP resources. PEEP resources.
2. Family engagement. 2. Family engagement. 2. Family engagement.
. . . . Three virtual sessions and two
One virtual session. One virtual session. onsite sessions
Parer&;ﬁi:ﬁgtosr (PE) Unboxing video. Unboxing video.
P Home science kit. Home science kit. Home science kit.
Spanish and English. Spanish and English. Spanish and English.
Focus Families, educators, Focus Families, educators, Focus Families, educators,
Y . . program staff and their families. ~ program staff and their families. ~ program staff and their families.
!
CSC "I Love Science!” events STEM Community STEM Community STEM Community
Helpers. Helpers. Helpers.

2.4. Program Objectives

All program objectives were focused on building adults” capacity to support early
science inquiry and to forge relationships across home, school, and community, thus
creating a web of supports for promoting all children’s (with a focus on EMLs) science and
language learning across contexts.

2.4.1. Objective 1: Provide Educators with Guidance, Resources, and Support for Engaging
Children in Rich Science Inquiry and Learning around Three Compelling Topics (Water,
Ramps, and Shadows) That Can Be Explored across Contexts

A team of early science and teacher educators from EDC and CSC implemented and
facilitated three robust full-day PL sessions—the Inquiry Institute—that allowed for a grad-
ual, integrated introduction of pedagogical content and strategies for promoting children’s
inquiry, talk, and vocabulary through direct experiences (Session 1), interactive books
and readings (Session 2), and supporting documentation and children’s representations
(Session 3). Based on our ecological systems approach and the goal to infuse each level of
the learning ecosystem with positive attitudes toward science, it was important to offer
this PL to all educators working in each participating classroom, including lead teachers,
assistant teachers, support staff, and curriculum specialists. To make it possible for full
teaching teams to participate, sessions were held on Saturdays.

Each session included the following elements: a reflection discussion on how educators
had applied learning from the previous session (Sessions 2 and 3); an introduction to the
science content relevant to the topic; adult immersive experiences of inquiry into the topic;
strategies for facilitating talk about the topic across the inquiry cycle; representations of
the topic from authentic classrooms, including children’s work, educator documentation,
and PEEP videos; an overview of the PEEP and the Big Wide World teacher and family
resources available for that topic; and time for collaborative planning, using a planning
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form we developed that was aligned to the teachers’ current planning form and emphasized
integration across the Early Learning and Development Standards [77] (see Figure 1). At
PL sessions 2 and 3, we shifted the adult immersive experiences to incorporate five or six
investigation stations that educators rotated through to more effectively scaffold their use
of the PEEP resources. During Sessions 2 and 3 we also moved the planning section to
earlier in the day and then revisited planning at the end of the session to devote more
time to planning for classroom implementation. Assessment of children’s learning was
emphasized in Session 3; as part of the reflection discussion, we assisted educators in
creating documentation panels to help make children’s science learning visible to families.

SISTEM Planning Form
Planning for Shadows

Teacher(s)
Big Idea ( aligned ELDS)
Intentional Message
Target Vocabulary English iHome Language
Learning Goals ICognition
lLanguage Literacy
Math
[Soc/Emotional
PPhysical Health
[Creative Art
Family Engagement Plan
Identify the POLL Big Idca and Intentional Message Songs and chants
Strategies that are
supported Targeted Vocabulary Documentation of explorations
[Small group supports [Anchor Text
[Describe the Experience [How will the Teacher support inquiry? What will they
say/do?
Matcrials or changes to the environment
Describe the Experience How will the Teacher support inquiry? What will they
say/do?

Figure 1. SISTEM planning form for Shadows explorations.

2.4.2. Objective 2: Support Educators’” Classroom Pedagogy and Family Engagement
Practices with Individualized Scaffolding Based on Each Program’s Goals, Strengths,
Needs, and Interests

Educators at each of the five programs, including lead teachers and assistant teachers,
were invited to engage in six collaborative program-specific PLC meetings across the
school year (two after each Inquiry Institute session) to support their transition from theory
to practice and their capacity and confidence in applying the science pedagogy (PLC
meeting 1) and family partnership practices (PLC meeting 2) introduced at the PL sessions.
These meetings were designed to be program-specific in order to meet the needs of each
of the five programs, which varied broadly across multiple indicators (e.g., diversity of
educators, staff, and families; educators’ prior experiences with science teaching; degree
of current family partnership commitments). A highly experienced EDC coach facilitated
the meetings, offering two options for attendance to each program to be responsive to
individual program schedules, increase educator participation, and address the specific
needs of program staff in dealing with post-COVID-19 stressors.

PLC meetings focused on classroom implementation prioritized opportunities for
educators to share “roses and thorns” as they implemented new science and language
support strategies with children in their classrooms. The family-engagement-focused PLC
meetings provided opportunities for educators to discuss their current interactions with
families, share ways of deepening reciprocal relationships around science and language
with a focus on EMLs’ families, and supported planning the upcoming PE workshop. For
example, the initial family-engagement-focused meeting laid the groundwork for reaching
out to and engaging families in the project and begin the process of learning about families’
routines, typical family activities, and primary home languages. In subsequent meetings,
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the coach introduced a concept map of potential topics educators might discuss with
families and helped them select ones they identified as relevant to their own families’
strengths, needs, and interests. At the final PLC meeting, the EDC coach organized
educators into separate meetings according to the degree to which they felt comfortable
taking ownership of the event and facilitating the final PE workshop, either independently
and in person at their program, virtually with support from the EDC coach, or virtually
with the EDC coach facilitating most of the meeting.

2.4.3. Objective 3: Bring Families and Educators Together for Collaborative Inquiry-Based
Learning, Discussions about the Science Children Are Doing at School, and Joint Planning
for Aligned Home and Family Experiences

Educators were asked to invite up to four multilingual families (referred to as “Focus
Families”) to participate in a series of three collaborative Parent/Educator (PE) Workshops
(one per topic). The PE workshops were designed to strengthen educators’ capacity to
engage, educate, and power up EMLs’ families around early science and language and to
provide a venue in which EMLs’ primary caregivers would feel confident and comfortable
about engaging with educators around science, language, and their child’s learning. All PE
meetings were held in English and Spanish with simultaneous interpretation. EDC staff
facilitated discussions that incorporated the what, how, and why of early science learning,
introduced concept and inquiry-support practices that adults could apply across settings,
and offered an overview of books and PEEP digital resources specific to the topic at hand.

Educators and parents also interacted directly in breakout rooms, including significant
time for educators and primary caregivers to share photos, videos, and stories of children’s
home and school explorations with one another. The time allotted for these conversations
increased at each subsequent meeting as educators became more comfortable guiding
the discussions. All PE meetings were scheduled with input from program directors and
educators to ensure that they were responsive to both educators” and parents” availability.

2.4.4. Objective 4: Facilitate Innovative Adult Learning Experiences That Bring All
Participating Adults (Educators and Parents) Together with Their Families for Informal
Science Experiences

EDC and CSC staff hosted three “I Love Science!” events, held at the CSC, that were the
backbone of the SISTEM model and brought together Focus Families, program educators
and staff, EDC and CSC staff, and all of their families for science exploration and learning.
At each event, Focus Families and program staff received “passports” in English and
Spanish to orient them to the science center and exhibits specifically designed for young
children; despite the CSC’s close proximity to the five programs, only a small percentage
of educators and families had previously visited the center. Program staff and families
collaboratively explored the center’s exhibits, including those related to the topics being
explored at school and at home. Supported by ISLE educators, staff and families interacted
at a giant stream table and water play area (Event 1), activities to build their own roller
coaster and race cars down ramps (Event 2), and a weather broadcasting simulation and
shadow puppets experience (Event 3).

The third “I Love Science!” event was a culminating SISTEM celebration. Participating
staff and families were encouraged to explore the entirety of CSC with their families. A
special event space was set up for Fartner Families and program staff to enjoy a slideshow of
photos taken across the year and to view and discuss the documentation panels educators
had created of Ramps and Shadows explorations. Everyone shared a celebratory lunch
hosted by the CSC.

2.4.5. Objective 5: Activate a STEM Community Helper Model with CSC’s Hispanic STEM
Career Professionals Who Can Broaden Families” and Educators” Awareness of STEM
Careers

The CSC “I Love Science!” events provided a context for activating the STEM Com-
munity Helpers model and broadening children’s and adults” awareness of STEM careers
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and the people who have them. At each event, a diverse group of local STEM professionals
who hold STEM-related positions at several local companies facilitated investigations com-
pelling to preschoolers, including engineering straw rockets and sink-and-float explorations
(Event 1), a Junior Fire Marshall demonstration to learn more about how STEM Community
Helpers’ roles connect to STEM (Event 2), and space-related programs and activities as part
of CSC’s Space Day (Event 3).

2.4.6. Objective 6: Employ Innovative Digital Technologies and Resources in English and
Spanish to Support Initiating, Strengthening, and Sustaining Home-School-Community
STEM Connections

For this objective, we created several digital resources, including Google sites specific
to educators and families, unboxing videos, and a digital newsletter. A teacher-facing
Google site and a companion family site (in English and Spanish) were designed and
developed to be active, with evolving resources where educators and families could easily
access all the Water, Ramps, and Shadows resources as they were added throughout the
year. After the launch of each new topic, the sites were updated with supporting materials,
including photos, videos, tip sheets, and links to resources. The unboxing videos were
created to support families” engagement with the home science ramps and shadows Kkits.
Each video featured a CSC informal science educator who previewed and described the
home science kit materials (in English and Spanish) and demonstrated multiple ways of
using them to support children’s inquiry. The home science kits and the digital newsletter
included QR-coded links to the unboxing videos, making them easily accessible to families.
We also developed a bilingual digital newsletter aimed at both educators and families
that provided reminders of program events, additional information related to each topic
of study, links to resources, photos from homes and classrooms, and further guidance
for facilitating children’s inquiry. The joint newsletter enabled parents and educators
to see the direct connections between the home and school resources. The newsletter
was distributed to educators, who then delivered digital or hard copies to families. The
newsletters were also added to the educator and family Google sites. Finally, we created
bilingual family-friendly flyers to notify families of the CSC “I Love Science!” events.

2.5. Research Design
2.5.1. Recruitment

To support successful implementation and buy-in, we met with program administra-
tors and support staff the spring before implementation to explain the project in detail and
describe program and educator expectations and project components. We asked participat-
ing directors to sign a commitment form specifying that they will attend monthly check-in
meetings with the SISTEM team and designate a “SISTEM liaison” (e.g., curriculum spe-
cialist, family engagement coordinator) to participate in the program.

After directors signed the commitment form, the research team met with educators
to explain the project, answer questions, and invite participation. The team recruited
22 classrooms; 11 were asked to be in the treatment condition (Group 1) and 11 in the
comparison, education-as-usual condition (Group 2). Treatment classrooms engaged in
SISTEM PL in the 2022-2023 school year, and comparison classrooms engaged in SISTEM
PL the following school year. Note: We did not randomly assign classrooms to treatment or
comparison groups, as this was a quasi-experimental study, and directors often requested
the classroom’s condition (e.g., one teacher was scheduled for maternity leave and could not
attend all PL sessions, so she was assigned to the comparison group). All educators from
participating classrooms (lead teachers and assistant teachers) were invited to participate
and were asked to complete a consent form. Among treatment classrooms (henceforth
referred to as SISTEM classrooms), 23 educators consented to participate in the first year of
the SISTEM PL.

Throughout the year, participation was significantly impacted by teacher turnover
and program restructuring. In late fall, one comparison classroom was redesignated as
an infant-toddler classroom and so could no longer participate; we recruited another
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comparison classroom to replace it, but the educators from this classroom also ultimately
left the program. Midyear, an SISTEM classroom was also redesignated as an infant—
toddler classroom and could no longer participate, and an additional teacher from an
SISTEM classroom and a comparison classroom left their programs and could no longer
participate. The SISTEM PL was well under way at this point; therefore, these classrooms
could not be replaced. In addition, two assistant teachers from SISTEM classrooms and
two assistant teachers from comparison classrooms left their positions midyear, although
the lead teachers from these classrooms continued their participation.

2.5.2. Participants

After the attrition described above, there were a total of 9 SISTEM classrooms with
16 participating educators, and 11 comparison classrooms with 13 participating educators.
Of these 29 total educators, 27 provided information about their years of experience,
education, and demographics. Average years of experience in early childhood education
was similar across groups: 6.85 years (SD = 6.78) for SISTEM educators, and 7.92 years
(SD =7.93) for comparison educators. In both groups, about half the educators reported
that they were able to communicate in a language other than English (most often Spanish):
58% of SISTEM classroom educators and 54% of comparison classroom educators. A total
of 42% of SISTEM classroom educators had bachelor’s degrees, 24% had associate’s degrees,
17% had some college experience, and 17% had a high school diploma or GED. Comparison
classroom educators had a roughly similar distribution of education: 7% had graduate
degrees, 42% had bachelor’s degrees, 22% had associate’s degrees, and 29% had some
college experience. Three SISTEM educators and one comparison classroom educator were
male; the rest were female.

Once all educators were recruited, SISTEM classrooms invited up to four multilingual
families to serve as Focus Families. Across the nine SISTEM classrooms, educators recruited
a total of 24 Focus Families. A majority of Focus Families spoke either Spanish or a mix of
Spanish and English at home; one family spoke French and Togo.

2.6. Instruments and Analysis
2.6.1. Surveys

To assess participants’ perceptions of program impacts after completion of the pro-
gram, we developed survey scales for Focus Families and SISTEM educators to rate their
beliefs and attitudes related to science before and after participating in SISTEM. Educators
were asked to rate nine items related to their beliefs about the importance and value of
early science learning and their comfort, confidence, and excitement about teaching science
and engaging EMLs and their families in science. Parents rated two items related to their
beliefs about the value of science for their child and their awareness of STEM careers, and
five items related to their comfort, confidence, and excitement about engaging in science
learning with their child. All items were rated on a six-point scale (from “very low” to
“very high”). Participants were asked to rate each item twice: retrospectively reporting
on their beliefs and attitudes before participating in SISTEM, and their current beliefs and
attitudes after having participated in SISTEM.

2.6.2. Classroom Observations

To evaluate the quality of science teaching practices, we used a modified version
of an observation protocol called the Science Teaching and Environment Rating Scale
(STERS) [78]. The STERS is a classroom observation tool designed to measure the quality
of teacher—child interactions, the environment, and teachers’ planning and assessment
practices related to science teaching and learning in the preschool classroom. Teachers
are asked to lead a science activity or exploration of their choosing. Observers code eight
items on a four-point scale (1 = deficient, 2 = inadequate, 3 = adequate, and 4 = exemplary)
based on the extent to which teachers do the following: (1) create a physical environment
for inquiry and learning, (2) facilitate direct experiences to promote conceptual learning,
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(3) promote use of scientific inquiry, (4) create a collaborative climate that promotes ex-
ploration and understanding, (5) engage in extended conversations, (6) build children’s
vocabulary, (7) plan in-depth investigations, and (8) assess children’s learning (for more
information about these items, see [79]). The original observation protocol was intended
to be conducted in person and to include interviews with teachers before and after the
observation to evaluate their thinking about planning and assessment. We modified the
protocol to be used for video observations, eliminating both these interviews and two
items that would have been assessed during an interview (“Plan in-depth investigations”
and “Assess children’s learning”). Additionally, for the item “Create a physical environment
for inquiry and learning”, we did not include indicators related to aspects of the classroom
environment that could not be observed on camera (e.g., availability of science books
related to the topic, use of displays), instead focusing on observable use of materials.

2.6.3. Research Team Informal Observations

Research staff attended and observed all program meetings and events. Staff convened
weekly research meetings to review and discuss field notes, observations, interviews from
SISTEM events, discussions with educators and Fartner Families, photos and videos shared
by educators and families, and educator reflections of SISTEM’s impact on their practices
shared at the last PLC.

2.7. Procedures

In the 2022-2023 school year, some early childhood programs in the study continued
to have COVID-19- and illness-related concerns (such as flu and RSV), particularly around
outside visitors in classrooms. For this reason, classrooms were provided with iPads and
tripods, and educators were asked to video-record their classroom science instruction in
lieu of in-person observations. In the fall, before the start of the PL sessions, we asked both
SISTEM and comparison classrooms to record a video of any science activity or experience,
on any science topic, aiming for 10-20 min of footage. In the spring, after the completion of
SISTEM PL activities, we asked both SISTEM and comparison classrooms to record a video
of a science activity focusing on the topic of Shadows, again aiming for 10-20 min of footage.
Educators uploaded and shared their video recordings via secure sharing, and we stored
the recordings on a secure storage site. We received complete fall and spring recordings
for 12 classrooms (6 SISTEM and 6 comparison). Although some videos included assistant
teachers, all observed activities were led by lead teachers. A member of the research
team, who is an STERS master coder, trained an external evaluator on the modified STERS
protocol. The trainer and the external evaluator independently coded three observation
videos to ensure that the external evaluator was reliably scoring according to the STERS
training guidelines. The evaluator then scored all video observations.

We asked SISTEM educators and Focus Families to complete surveys in the spring
after the completion of SISTEM activities. A total of 11 SISTEM educators and 9 Focus
Family caregivers completed the survey. We asked all SISTEM educators to participate
in one of several reflective conversations over Zoom after the completion of SISTEM PL
activities. Finally, we conducted four interviews with Focus Family caregivers to gain
greater insight into their experiences.

Attrition and Fidelity

Of the 23 educators who originally signed on to participate in SISTEM, seven left
their programs or were moved to different positions and could no longer participate. The
remaining 16 had the opportunity to participate in three PL sessions, six PLC meetings,
three PE meetings, and three CSC events. Eighty-one percent attended two or three PL
sessions, all attended at least four PLC meetings, 88% attended at least one PE meeting,
and 88% attended at least one CSC event.
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2.8. Analysis Plan

To address our research questions, we conducted quantitative analyses and synthe-
sized reflective conversations with educators and informal observations. Quantitative
methods are described here. To address RQ1, we conducted paired t-tests on SISTEM
educators’ ratings of their beliefs and attitudes before and after participation in SISTEM.
Using data from both SISTEM and comparison classrooms, we conducted a series of re-
gression analyses on each science teaching practice, regressing the quality of spring science
teaching quality on fall science teaching quality and participation in SISTEM. To further
explore changes in teaching practice, we also conducted paired t-tests on each science
teaching practice for SISTEM and comparison teachers. To address RQ2 and RQ3, we
conducted paired t-tests on caregivers’ ratings of their beliefs and attitudes before and after
participating in SISTEM.

3. Results
3.1. Impact on Educators’ Self-Efficacy

To understand changes in educators’ sense of self-efficacy related to their science
teaching practice and engaging with EMLs and their families around science learning,
we conducted paired f-tests comparing educators’ retrospective ratings of their feelings
before SISTEM participation with their ratings of their current feelings (See Table 2). Eleven
educators completed “before” and “after” ratings. All ratings significantly increased except
for one (“Belief that science is important for children’s future careers”), which had only a
marginally significant effect, #(10) = 2.19, p = .054.

Table 2. Educators’ science beliefs and attitudes.

Before SISTEM After SISTEM  Difference (After-

Science Beliefs and Attitudes M (SD) M (SD) Before) SEMean t (df =10)
Confidence in planmr}g science experiences 3.09 (1.14) 5.00 (0.78) 191 0.32 6.06 *+*
for children
Belief that science is important for 427 (0.79) 5.00 (1.10) 0.73 0.33 2191
children’s future careers
Belief in the importance of giving children
opportunities to see people who look like 3.55 (1.37) 4.64 (1.29) 1.09 0.32 3.46 **
them in science careers
Excitement to do science in the classroom 3.64 (1.21) 5.18 (0.98) 1.55 0.34 4.54 **
Confidence in supporting children’s 3.73 (0.65) 4.91 (0.70) 1.18 0.18 6.50 **
language development through science
Confidence in supporting EMLs during 3.64 (1.12) 4.82 (0.75) 118 0.18 6.50 ***
science experiences
Comfort in asking productive questions 3.36 (1.21) 4.82 (0.60) 1.46 0.34 428 %
during science experiences
Interest in engaging al.l families in science 327 (1.42) 491 (1.04) 1.64 031 509 %
learning
Confidence in engaging EML families in 3.09 (1.45) 482 (0.98) 173 041 405

science learning

tp<.10,* p <.01,** p <.001.

3.2. Impact on Educators” Science Instructional Practice

To understand how SISTEM impacted educators’ science teaching practice, we com-
pared the quality of SISTEM and comparison educators’ science teaching practice, as
measured by six items of the STERS, in fall and spring. In the fall, educators were free
to lead a science activity on a topic of their choosing. Among the 12 classrooms with
complete fall and spring observation data, eight educators led activities related to mixing
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and reactions (e.g., mixing paints of different colors, mixing oil and water, mixing baking
soda and vinegar), two led activities about pumpkins (cutting it open and looking at its
parts), one led an activity about magnets, and one led an activity about capillary action on
a paper towel. In the spring, all educators were asked to lead an activity related to or an
exploration of shadows. Descriptive statistics are presented in Table 3.

Table 3. STERS descriptives for SISTEM and comparison classrooms.

SISTEM Classrooms Comparison Classrooms
(n=6) (n=6)

Science Teaching Practice MF?SI})) :/[p(r;rrl)g) MF(aSllD) :/[p(l‘;rrl)g)
Create a physical environment for inquiry and learning 3.17 (1.33) 2.83(0.41) 2.83 (0.98) 2.67 (1.51)
Facilitate direct experiences to promote conceptual learning 2.33 (1.21) 3.17 (0.75) 2.50 (1.23) 3.00 (1.55)
Promote use of scientific inquiry 2.00 (0.89) 3.00 (0.00) 2.33 (1.03) 2.17 (0.98)
Create a collaborative climate that Promotes exploration 2.00 (0.89) 233 (0.52) 2.33 (1.03) 217 (0.98)

and understanding

Engage in extended conversations 2.00 (0.89) 2.50 (0.84) 2.33 (1.03) 2.50 (1.23)
Build children’s vocabulary 1.33 (0.52) 2.00 (0.00) 1.67 (0.82) 1.83(0.41)

Regression analyses indicated that SISTEM (Treatment) was significantly associ-
ated with spring scores related to educators’ ability to “Promote use of scientific inquiry”
(See Table 4). The estimated coefficient for this effect indicates that, on average, SISTEM
was associated with a one-point increase in spring STERS scores relative to comparison
classrooms, controlling for fall scores. No other science teaching practices were significantly
associated with SISTEM participation.

Table 4. STERS regression analyses.

Dependent Variable Independent Variable B (SE) B t 4
Create a physical environment for inquiry and learning Fall Score 0.65 (0.23) 0.69 2.82 020
Treatment -0.05 (0.50) -0.02  -0.10 924
Facilitate direct experiences to promote conceptual learnin Fall Score 0.65(0.25) 0.65 2.58 030
P P P & Treatment 0.28 (0.56) 012 049  .637
Promote use of scientific inquiry Fall Score 0.50 (0.17) 0.59 2.90 .018
Treatment 1.00 (0.31) 0.66 3.23 .010
Create a collaborative climate that promotes exploration Fall Score 0.61 (0.18) 0.76 3.37 .008
and understanding Treatment 0.37(0.32) 0.26 1.14 .283
Engage in extended conversations Fall Score 0.86 (0.22) 0.80 3.86 .004
Treatment 0.29 (0.40) 0.15 0.72 492
. . , Fall Score 0.36 (0.23) 0.47 1.55 156
Build children’s vocabulary Treatment 0.29 (0.30) 029 096 363

To further explore changes in science teaching practices, we conducted paired t-tests,
comparing fall and spring scores for SISTEM educators and comparison educators. Paired
t-tests revealed that comparison educators did not significantly increase in any teaching
practices from fall to spring, although they did marginally increase in scores related to
“Facilitate direct experiences to promote conceptual learning”, +(5) = 2.24, p = .076. SISTEM
educators, however, significantly increased their scores in both “Promote use of scientific
inquiry”, t(5) = 2.74, p = .041, and “Build children’s vocabulary”, t(5) = 3.16, p = .025.
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Educators Learned and Applied Strategies for Supporting Children’s Science Inquiry and
Gained Confidence in Supporting Science with Children in Classrooms

During reflective conversations, all educators shared that they had shifted their peda-
gogy directly related to science teaching and learning. One of the biggest changes men-
tioned was the use of the Big Idea/Intentional Message to drive the classroom curriculum
and to motivate more extended investigations. One educator said, “Science used to just
be in the science area, but we have learned how to make it come alive in the classroom.
The children are so excited, the interest just explodes. Letting them investigate topics
over time really helps them think and learn”. Educators noted a shift from more didactic
practices, such as providing facts and demonstrating or leading experiments, to a more
scaffolded approach that supported children to think, wonder, and form new ideas through
intentionally planned materials, experiences, and interactions. As one educator said, “It
made me take a step back and allow the children to take the lead instead of me just giving
directions; now I know how to encourage them to explore and investigate”.

As Science Big Ideas moved to the forefront of educators’ planning, learning goals
needed to be aligned to all domains of the state’s Early Learning and Development Stan-
dards. SISTEM created and provided educators with crosswalks and supportive documents
to strengthen their curriculum planning. This immersive approach was embraced by educa-
tors as they planned and implemented experiences that provided rich, connected learning.
Educators identified learning goals, such as “measurement and data” as children checked
the changing size of shadows and recorded their results, “use of rich, expressive language”
and “use of new vocabulary” as children talked about what they were doing and how they
created a shadow to look like an object and changed its size, and “approaches to learning”
such as pride in their accomplishments, persistence, problem-solving skills, creativity, and
fine motor skills.

Educators also reflected on meeting the needs of the EMLs in their classrooms. One
teacher noted, “This approach has allowed me to meet the needs of all of the children in
my classroom. Most of the learning goals in math, cognition, language/literacy, fine motor
development, and even the creative arts can be supported in a dynamic and interactive
way. The children are so engaged, and seeing them apply their skills as they investigate
these topics has been so exciting”.

3.3. Impact on Caregivers’ Understanding of the Importance of Science Learning and Awareness of
STEM Careers

After participating in SISTEM, caregivers rated their understanding of how science
can help their child develop language skills and their awareness of potential STEM careers
before and after participation. Responses indicated that both increased significantly. On
average, parents’ ratings of their understanding and awareness of STEM careers changed
from “Somewhat low” (a rating of 3 on the 6-point scale) to “High” (a rating of 5 on the
6-point scale; See Table 5).

Table 5. Caregivers’ science beliefs and attitudes.

Before SISTEM After SISTEM  Difference (After-

Science Beliefs and Attitudes SEMean t(df =9)

M (SD) M (SD) Before)
Understanding of how science can help "
my child develop language skills 2.80 (1.48) 4.90 (0.74) 2.10 0.50 4.16
Awareness of STEM careers that my child 3.10 (1.52) 5.00 (0.82) 1.90 043 439 *

might be interested in someday

*p<.0L

3.4. Impact on Caregivers” Confidence in Engaging Their Children in Science and Working with
Their Child’s Teacher to Support Their Child’s Learning

Following the SISTEM program, caregivers rated their comfort and confidence in sup-
porting their child’s science learning as having significantly increased from before their
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participation in the project (See Table 6). The biggest change as rated by caregivers was in their
confidence around working with their child’s teacher to support their child’s science learning.
Individual interviews confirmed this sentiment; as one parent noted, “I love how the teacher
shared about the science children were doing at school, because then I could explore some of
the same things with him at home and send [the teacher] pictures too”. Another caregiver
said, “I am closer to the teacher just because of all those workshops and the times where I
would go to the science center and [my child’s] teacher would be there as well”.

Table 6. Caregivers’ confidence engaging children in science.

Before SISTEM After SISTEM  Difference (After—

Science Beliefs and Attitudes M (SD) M (SD) Before) SEMean t(df =9)
Interest in exploring science with my child 3.30 (1.16) 5.00 (0.94) 1.70 0.34 5.08 **
Belief that exploring science is a fun way to ot

spend time with my child 3.60 (1.17) 5.20 (1.14) 1.60 0.45 3.54
Confidence that I play an important role in 5 ) (1 57y 5.20 (0.63) 1.80 0.39 463
supporting my child’s science learning
Confidence in working together with my ox
child’s teacher to support my child’s learning 3:20(1.23) 530 (0.68) 210 041 516
Comfort in visiting the Connecticut Science 3.50 (1.58) 5.40 (0.84) 1.90 057 304%

Center with my child

*p<.05,*p<.0L

3.4.1. Families Interacted with Their Children around Science at Home and in the
Community and Were Empowered to Share Their Explorations with Their Children’s
Teachers and Others

The documentation obtained of families interacting during their home explorations
and data from the PE meetings indicated that small moments of family connection have
the potential to be valuable learning opportunities for children and their parents. In some
cases, parents described how they had observed a child’s knowledge and skills in action
that they had not noticed before and became notably excited at seeing what curious and
capable young scientists and problem-solvers their children were becoming. During the
first virtual PE meeting, one parent was so delighted by her child’s engagement in water
explorations that she spontaneously shared her screen to show and describe a video of her
daughter at the kitchen sink exploring water with the cups, baster, clear tubing, and funnel
from the home science (Water) kit. During a breakout session at the second PE meeting,
a parent who appeared hesitant to speak up in the full group shared during a breakout
session with her child’s teacher (in Spanish): “At home [my child] rolls his cars and his
balls down everything. He thinks the bigger balls and cars with bigger wheels go faster.
I use vocabulary with him too. What happened with this ball? How much more does it
weigh? Which one is the smallest? And yesterday we talked about how the one that has
more weight goes farther than the other ones”.

The videos families shared that included interactions between and among family
members were particularly revealing. After the third PE meeting (focused on Shadows), a
parent shared a video of her and her daughter discussing their own shadows outdoors as
they headed to their car for the trip to school. In the video, the child moves excitedly around
her mom in an effort to find a position that allows both of their shadows to appear distinctly
(“Mama, get off my shadow!”). The mother then encourages her child to stand next to her
so that both of their shadows can be seen distinctly. This prompts a conversation about
their “bigger” and “smaller” shadows and how the relative sizes of their shadows change
when they move in relation to one another. Mom then playfully encourages the child to try
to escape from her shadow, and the child excitedly runs toward their car, simultaneously
observing her shadow.
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3.4.2. Families, Educators, and School Staff Gained Familiarity with CSC and Its Exhibits,
Offerings, and Resources, and Explored Connections to STEM Careers

The three “I Love Science!” events brought a substantial number of SISTEM Focus
Families, SISTEM educators and program staff, and educators’ families to CSC. Extended
families attending the events included grandparents, aunts, uncles, and cousins; one
program director was accompanied by three generations of her own family, including
her infant great-granddaughter. The “passports” in English and Spanish distributed at
Events 1 and 2 and the map of CSC exhibits and activities provided at Event 3 (all in
English and Spanish) empowered families to navigate CSC independently and to focus
on exhibits and activities related to the SISTEM topics and relevant career connections
(e.g., the Build a Roller Coaster exhibit for Ramps, the Forecast the Weather station for
Shadows). In addition, CSC had added signage in Spanish and English to two exhibit
galleries in 2023, along with general Spanish-language building signage for navigating the
center, which allowed for even more family agency in interacting with the exhibits and
experiences. Being able to navigate CSC in self-selected groups of families and educators
also enabled participants to engage with other exhibits of interest to them that may not
have been directly connected to the topics being explored at school and at home, piquing
their curiosity and motivating them to return for another visit.

After the first CSC event, families began asking about the benefits of membership,
attending special CSC events, and making return visits. Educators also made return visits
with their own families, and one partner preschool program brought all their students on
their first ever schoolwide field trip to CSC.

Having STEM Community Helpers at the events facilitating additional preK-level
activities added value to participants” experiences. For children, families, and educators
alike, it was inspiring to interact with adults in STEM roles who represented their own
ethnicity, culture, and language. Several SISTEM parents reported that normally they
would just walk by activities facilitated by science center staff because they could not
understand the activity guidance provided. The presence of STEM Community Helpers
who were native Spanish speakers enabled these families to participate in the activities
and interact in their home language, fostering their feeling of belongingness in the science
center.

4. Discussion

Results from educator survey data indicated that SISTEM educators grew in their
sense of self-efficacy in science teaching—and specifically in science teaching for EMLs.
While these results are correlational in nature, based on existing research on effective PL
experiences for educators, we theorize that engaging educators with interactive, hands-on
learning opportunities in workshops tied to classroom practice [80-82] and providing
educators with chances to reflect on their practice that included opportunities for ongoing
support through a virtual PL community [8] helped to foster educators’ feelings of comfort,
thus facilitating high-quality science experiences for EMLs.

To ensure that our instruction was responsive to educators’ needs, we employed an
ongoing process of formative assessment during the PL sessions. For example, in our first
PL session, we engaged educators in two adult immersive explorations of water—one open
and one focused—with the goal of building their content knowledge related to the topic.
However, we learned from subsequent PLCs that educators were not fully leveraging the
PEEP resources as they planned Water explorations for their own classrooms. To help
them do so for Ramps and Shadows, we changed our approach; in PL Sessions 2 and 3,
we invited educators to engage with five or six topical stations drawn directly from PEEP
rather than in one open and one-focused immersive experience.

Based on observations of educators’ science teaching, contrasting SISTEM classrooms
with comparison classrooms, and assessing changes from before and after program imple-
mentation, results indicate that SISTEM was associated with increased quality in educators’
science teaching. Given that our sample of classrooms was quite modest, we were pleasantly
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surprised to see a significant change in teaching practice related to promoting children’s
use of scientific inquiry, which was a major emphasis of the PL. The magnitude of this
effect—a one-point difference between SISTEM and comparison classrooms on the STERS
coding rubric (i.e., a change from “inadequate” to “adequate” support for children’s science
inquiry)—represents a meaningful difference. Based on indicators for these scores in the
STERS codebook [78], this could be described as a shift from talking about science experi-
ences “as a way of providing information or giving instructions” to encouraging “discussions
and/or reporting on science experiences”, or a shift from providing children with science expe-
riences that afford “isolated opportunities for inquiry” to supporting children to use “specific
scientific inquiry skills, such as exploration, observation, and sharing”. This shift aligns with
educators’ self-reflections that they had moved from one-time science activities to long-term
investigations, and from a didactic approach of imparting science knowledge to a scaffolded
approach to supporting children’s genuine use of inquiry. These are meaningful changes in
teaching practice that have the potential to shape children’s ability to use inquiry skills.

Interestingly, comparison teachers showed a slight improvement in their spring scores
on a specific STERS item: “Facilitate direct experiences to promote conceptual learning”. This
may have been related to the topic of Shadows. Although teachers were free to choose
any science topic for their fall observation, all teachers led an activity related to Shadows
in the spring. For this item, teachers were evaluated based on the degree to which they
structured “science experiences that provide a high level of engagement, allowing children to
directly experience scientific phenomena”. Asking teachers to explore a physical science topic
that is conducive to direct exploration may have naturally increased this aspect of quality
in science instruction. It is also possible that for programs that included both SISTEM and
comparison classrooms, SISTEM educators may have shared some of what they learned
with comparison classrooms over the course of the year.

An important part of supporting children’s use of scientific inquiry is asking produc-
tive questions. This is a sophisticated skill that involves not only knowing the kinds of
questions that can support inquiry, but also knowing when and how to ask such ques-
tions, based on a teacher’s specific learning goals for the children and on children’s cues,
responses, and unique language skills. Analysis of classroom observations and educators’
self-report survey data indicated that educators improved in their ability to construct and
use questions to elicit student thinking and then move it forward. Central to supporting
teachers to carry out this work was to have an emphasis in the PL on integrating science
inquiry and language development and leveraging children’s home language to support
their engagement in science. We supported monolingual and bilingual educators in using
strategies to foster both children’s home language skills and their English language skills
in the context of rich explorations of science phenomena. For some participating teachers,
especially those who had been trained to conduct instruction in English only, thinking
about EMLs” home language as an asset to learning required a paradigm shift. However, as
educators moved to an asset-based approach to multilingualism, they were supported to
engage with families in a way that allowed for reciprocal sharing and learning.

Caregivers who participated in SISTEM reported increased positive beliefs and atti-
tudes about supporting their children’s science learning and interest in STEM. Based on
caregivers’ reflections, these shifts in thinking may have been supported by shifts in their re-
lationships with their children’s teachers; feeling connected to the teacher and the learning
happening in the classroom gave caregivers confidence to explore science at home and at
the science center. Once families started exploring science together in these contexts, their
positive experiences of having fun together as a family were self-reinforcing. Interestingly,
families reported a substantial increase in their understanding of the importance of science
for their child’s future career and their awareness of the types of STEM careers their child
could have later in life. This is an important marker, as particular parent behaviors—such
as being actively involved in their children’s science learning, initiating and sustaining
science talk, and making connections between science and their children’s daily lives—are
associated with sustaining children’s engagement in science [13,18,83,84]. Additionally,
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ISLE experiences have been shown to build parents’ confidence and agency in supporting
their children’s science inquiry [15,85]. This study provides further support for linking
formal and informal learning environments in science.

Assessing child outcomes was not within the scope of this study; we suspect, however,
that supporting educators and primary caregivers to engage together in reciprocal sharing and
learning and to plan rich and connected science experiences for EMLs across contexts may
be especially powerful for supporting children’s learning, particularly for EMLs [45,46,67,68].
Future research should investigate how this approach can support changes in child outcomes,
including interest in STEM, ability to engage in science inquiry, and language skills. Importantly
for EMLs, this approach has the potential to build children’s oral language skills in both English
and their home language, while simultaneously building conceptual learning in science.

While ISLEs have not historically acknowledged the sociocultural aspects of science
and science learning, this project showed that a partnership between families, schools,
and the community can shift the power dynamics of an institution from one that typically
reflects broad historical and systemic inequities [66] to one that promotes and values alter-
native ways of knowing and learning science, and highlights the critical role of language
in science sensemaking [86,87]. Additionally, a unique component of this project was to
leverage the science center’s connections in broadening the local community’s awareness
of STEM by engaging diverse employees from local STEM industries to serve as powerful
STEM role models—specifically engaging role models who reflected children’s and fami-
lies” ethnicities and languages. Introducing Spanish-speaking STEM professionals as role
models may have helped to broaden families’ understanding of what STEM careers look
like; in addition, it supported families in seeing their children as capable of doing, learning,
and pursuing STEM opportunities.
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Abstract: This study focuses on the description and explanation of trainee teachers” attitudes in
specific educational situations. More precisely, it demonstrates the reasons why they prefer to teach
certain Nature-Human-Society topics over others and, conversely, why they do not like teaching
some of those topics—particularly science topics relating to physics and technology. The description
of these arguments is relevant because trainee teachers’ attitudes can have an impact on later teacher
behavior, especially in a multidisciplinary subject such as Nature—Human-Society, where different
topics can be given different amounts of time and importance in class. The results of this study are
based on a survey of a student cohort in teacher training in Switzerland. The arguments for liking
or disliking a total of twelve teaching topics in the subject Nature-Human-Society were elicited
through open-ended questions and theoretically assigned to three attitude dimensions—cognitive
beliefs, affective access, and perceived control—following qualitative content analysis. Differences in
the reasons for liking and disliking certain teaching topics are shown, as well as the general finding
that liking teaching topics is primarily based on cognitive beliefs, while disliking teaching topics is
primarily attributed to lacking perceived control or lacking affective access to trainee teachers.

Keywords: attitudes; beliefs; interests; sciences; social studies; kindergarten; primary education;
teachers; teaching; early childhood; science education

1. Introduction

Curricula form the framework for learning in schools. They define the goals, compe-
tence expectations, and standards that children should achieve in a certain educational
institution. However, as important as these written guidelines are, they only develop their
full effect through the people who implement them: the teachers. As the direct interface
between theory and practice, they play a key role in the design of lessons. They interpret
the curriculum guidelines, select suitable teaching methods, and adapt teaching materials
to the individual needs of their learners. Thus, they can contribute significantly to the
quality of teaching by creating effective learning opportunities and optimal conditions for
child development [1-4]. Conversely, it is also important to recognize that their choices and
actions can also have a detrimental impact on pupils’ outcomes. The example of science
education clearly demonstrates that, despite the increased demand for early science educa-
tion in recent years, which is also reflected in kindergarten and primary school curricula,
the reality of classroom instruction is sometimes different. Research has consistently shown
that the teacher’s attitude toward science significantly influences their teaching practices
and their willingness to teach science. This means that the extent to which certain science
content and methods are thought of and integrated into the subject lessons is highly de-
pendent on the individual teachers [2,4-6]. Given the research indicating that a significant
number of elementary and primary teachers possess negative attitudes towards science
education, it is evident that this is a widespread rather than an isolated issue. Teacher
training programs must therefore effectively address this issue by cultivating positive
attitudes in trainee teachers and thereby empowering science education in kindergarten
and primary schools [2,4,6,7].
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While the curricula for primary education of some countries primarily focus on
integrating the natural sciences (biology, chemistry, and physics) into one subject, others
take a broader approach, incorporating elements of social studies, geography, and even
history into one subject—as in Switzerland, where science is taught in the subject Nature—
Human-Society [8]. Nature-Human-Society is a unique and relatively new subject in the
Swiss educational landscape. The subject “Natur-Mensch-Gesellschaft”, as it was originally
named and abbreviated as NMG, was established throughout Switzerland in 2016 with
the introduction of a common curriculum. Formerly, there were similar subject areas in
several cantons, but they often had different names, focuses, and disciplinary compositions.
The educational area of Nature-Human-Society was created as a multidisciplinary subject
from Swiss kindergarten to primary school, extending to the sixth grade. It comprises
four content areas: (I) Nature and Technology, (II) Economics, Work, Housekeeping, (III)
Geography, History, Societies, and (IV) Ethics, Religions, Community. All four content
areas are concerned with the world that surrounds people. The term world refers here to
the natural, economic, cultural, and social environment. According to the Swiss curriculum,
as early as kindergarten and primary school, children should engage with this world by
observing, investigating, classifying, and understanding various phenomena so that they
can ultimately participate actively in this world and act responsibly toward their living
environment in the future [1,9-11].

The Swiss primary school children who were interviewed about Nature-Human-
Society lessons generally saw it as an interesting and attractive subject. Many pupils
also named it as one of their favorite subjects. Furthermore, most of the pupils surveyed
attached great importance to this subject, believing that the content of this subject is relevant
to their current lives and will help them later in life. However, some pupils also stated that
their attitude towards NMG lessons depends on their interest in the topics covered in class.
In an exploratory longitudinal study, which surveyed the same children at the beginning of
the first, third, fifth, and seventh grades, it was found that the general elevated interest in
various NMG topics tends to decrease slowly from the lower grades to the higher grades.
However, over this period of primary school, some subject areas continuously emerge as
areas of great interest for many of the children, namely topics about animals, astronomy,
phenomena of inanimate nature, and technology [12] (see Figure 1).

Technology, electricity, and inventions
Water, air, weather, stones
Sun, moon, stars, and universe [WZ 60
Woods, fields, ponds, and flowers .
Animals B/

My hometown I EE————A .
Lol 42 | | 34 ]
How products were produced; food and clothes
Religions and traditions Mo
Thinking about oneself and being with others .

Earth, and how people life in other places ms
Life in earlier generations 34
7

0 100 200 300 400

percent of pupils who favour this topic
mfirst grader  mthird grader fifth grader ~ mseventh grader

Figure 1. Percentages of pupils from four different year classes (therefore, the axle extends to
400 percent) who indicated on a 4-level Likert-scale (with 4 meaning “very much” and 1 meaning
“not at all”) to like the various teaching topics of the Nature-Human-Society subject “very much”
(n = 61 first-graders, 65 third-graders, 61 fifth-graders, and 58 seventh-graders) [12].
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When asked about the reasons pupils are particularly interested in certain Nature—
Human-Society topics, interest in fascinating, exciting, adventurous, and mysterious
themes was frequently cited. The curiosity to know what has already been discovered
about phenomena seemed to characterize their choices [12]. These results can be well
integrated into Krapp’s theory [13,14] of interest, which offers a comprehensive framework
for comprehending the intricate connections between an individual and an object of interest.
According to this person—object theory of interest, there are three characterized aspects
that influence the involvement and engagement of learning things: (I) when the subject or
a possible action derived from it has a high subjective value for the pupil (value aspect),
(I) when dealing with the subject matter or a possible action derived from it is associated
with positive feelings for the learner (emotional aspect), and (III) when the learner wants to
ascertain and learn more about the matter (cognitive aspect).

In conjunction with the intrinsic motivation of pupils, driven by internal factors such
as curiosity, interest, and personal satisfaction [15,16], the role of teachers in inspiring and
nurturing pupils’ motivation is crucial in kindergarten and primary school. A teacher’s
enthusiasm and interest in the subject matter can promote the children’s situational interest
in the various subject matters since these teacher variables have a decisive influence on
creating a motivating learning arrangement [17-21]. However, if we look at trainee teachers
surveys [22-26], it becomes clear that their attitudes towards Nature-Human-Society topics
are somewhat different. In contrast to primary school pupils, trainee teachers are often not
very fond of the physical-technical area and, conversely, usually have a greater interest in
social-ethical topics than the pupils in the study described above.

A qualitative exploratory study [27] with Swiss teacher candidates already revealed
why specific teaching topics within Natural-Human-Society were particularly engaging.
According to these findings, identity formation for trainee teachers is an indispensable
topic in Nature-Human-Society lessons. The obvious importance of identity building can
probably be attributed to the life phase of later adolescence, the phase with which the
surveyed trainee teachers were concerned and the questions they themselves presumably
dealt with most. In this context, trainee teachers often stated that children’s learning
should take place concentrically, starting from the individual in the center and then moving
towards the outside world. It was also noticeable that trainee teachers sometimes had an
unusual concept of the living environment. The forest, for example, was seen as being
related to life, while electricity was not. Moreover, the human-environment relationship
was mentioned as a central topic among the trainee teachers, with teaching perspectives
about environmental protection being considered particularly important [27]. The value
placed on environmental protection and sustainability can be seen as an expression of a
global identity that is currently on the rise and is held in respect by many adolescents and
adults, and thus also by several trainee teachers [28].

A variety of quantitative studies have also delved into the reasons behind the popular-
ity and unpopularity of subjects among future teachers of primary education [22-26]. Now
we will briefly summarize the current state of research specifically focusing on studies
on trainee teachers’ attitudes within the Nature-Human-Society field (for more details,
please see [23-26]). Given the established link between knowledge, ability self-concept, and
interest, these variables were the focus of research on trainee teachers’ attitudes regarding
the teaching of Nature-Human-Society topics [23,25]. In addition, personality-specific
characteristics of trainee teachers, specifically the Big Five personality traits, as well as Hol-
lands’ six types of vocational personalities, were subject to more in-depth analysis [24,26].
Research findings demonstrated that trainee teachers have a generally pronounced social
and artistic interest, as well as a higher Big Five extraversion score, which was linked
to teaching topic preferences for people-related topics and, conversely, implicated that
thing-oriented topics are rather unpopular with trainee teachers [24,26]. Higher confi-
dence in teaching thing-related topics such as physics and technology topics among trainee
teachers correlated closely with higher realistic and investigative interests, lower Big Five
neuroticism scores, as well as a better general knowledge of science and technology [25].
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In contrast to natural sciences topics, it turned out that in humanities and social sciences
topics, there was no correlation between general knowledge of humanities and social
sciences and the perceived capability of trainee teachers towards those teaching topics.
This indicated that the popularity of teaching such topics does not depend on one’s own
knowledge and on the related ability self-concepts of these subject areas but more on the
affective-evaluative part of attitude and thus on their affinity for these topics [23].

Generally, it is widely recognized that the attitude concept is a multidimensional
construct, being influenced by three main elements: a cognitive component (thoughts
and beliefs), an affective component (feelings and emotions), and a behavioral component
(tendencies to act) [29]. According to a new theoretical framework for explicitly describing
primary teachers” attitudes toward teaching science, which was developed after reviewing
and theoretically evaluating attitude concepts in previous studies, the following three cru-
cial components are decisive for the formation of attitudes in science teaching: (I) cognitive
beliefs (perceived relevance, perceived difficulty, and gender beliefs), (II) affective states
(enjoyment and anxiety), and (III) perceived control (self-efficacy and perceived depen-
dency on context factors) [30]. However, it is unclear whether this theoretical framework
can also be applied to other teaching contexts or subject matters.

This research aims to explore trainee teachers’ own arguments for favoring or disliking
certain teaching topics in Nature-Human-Society, thus determining the specific aspects that
characterize attitudes regarding different subject areas of Nature-Human-Society before
teacher training takes place in order to exert targeted training if necessary. It is intended to
supplement existing findings from quantitative studies, providing a deeper understanding
of the reasons for the popularity and unpopularity of the different Nature-Human-Society
topics. Until now, no previous study has used open-ended questions to ask trainee teacher
students to give the reasons for both popular and unpopular topics in the Nature-Human-
Society subject. Such an approach was chosen at this time to comprehensively record
the perspectives of the individual participants, letting them express their assertions for
themselves [31]. Thus, this study aims to uncover nuances in a way that is difficult to
chronicle from solely quantitative studies.

Consequently, the following research question guided this research:

= How do trainee teachers justify their likes and dislikes for Nature-Human-Society
teaching topics?

s Are there arguments for liking and, respectively, disliking teaching topics that are
more pronounced in some teaching topics of Nature-Human-Society than others, or
can a similar pattern of argumentation be found in all Nature-Human-Society topics?

To achieve the research aims, a study with newcomer trainee teachers for kindergartens
and primary schools at a university of teacher education in Switzerland was conducted.
Initially, for descriptive statistics, an explanation was given on how the sample’s affection,
experience, and perceived capability regarding various teaching domains of the subject
Nature-Human-Society were composed (see Section 3.1), and which teaching topics in
Nature-Human-Society are favored and disfavored by the trainee teachers (see Section 3.2).
Subsequently, the analysis of reasons for or against teaching certain topics of Nature—
Human-Society was shown from the perspective of the surveyed trainee teachers (see
Sections 3.3 and 3.4). Finally, the identified argumentation patterns were compared across
all Nature-Human-Society topics (see Sections 3.3, 3.4 and 4).

Thus, this study is designed to deepen our comprehension of pre-service teachers’
attitudes towards various subject areas of social and natural sciences. By pinpointing the
root causes of positive and negative attitudes, we aim to illuminate pathways for enhancing
these attitudes within teacher education programs. In the literature [6], there is widespread
agreement that attitude-focused approaches in trainee teacher courses may provide fertile
ground for evolving or stabilizing teachers’ attitudes. Cultivating self-awareness of pre-
service teachers’ existing attitudes and fostering reflection during their training is a crucial
step in this direction.
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2. Materials and Methods
2.1. Sample

The sample included all first-year students in the primary education program at the
University of Teacher Education Bern (Switzerland) who voluntarily agreed to participate
in this study. The aim was to have as complete a cohort as possible, although a less-
than-complete response rate was expected. Of the group that consisted of 309 students
(83% female and 17% male), 220 students participated (84.1% female and 15.9% male) in
the entire survey, representing a response rate of 71.2% and reflecting the gender disbalance
fairly since the predominance of female participants is a general characteristic of study
cohorts for primary education [32].

The average age of the participants was 23.26 years (SD = 6.3; Min = 18; Max = 50),
with the age of 20 being the most frequently occurring score (mode) and the age of 21 as
the median. The participating students came to the teacher training program from different
educational or professional backgrounds, whereby 59.6% of the participants had a high
school degree. The chosen focus of study within teacher training also differed among the
participants. Overall, 44.1% of the participants were enrolled in the study focus “cycle 1:
teaching kindergarten to grade 2” and 55.9% in the study focus “cycle 2: teaching grades
3to6”.

2.2. Data Collection and Instruments

For this cross-sectional study, the first-year students of the primary education program
were invited to take part in an online survey during the first week of the semester as part of
the Nature-Human-Society course. Participation in the anonymous survey was voluntary
and lasted about 20 min. The following sections describe the content of the survey.

2.2.1. Q-Sort: Favorite Content to Teach Within the Subject of Nature-Human-Society

At the beginning of the survey, students were asked to choose three topics they would
like to teach most from a list of twelve teaching topics of the Nature-Human-Society
subject. Then, the students were asked to indicate which three topics from this list they
liked least. The topics on the list were as follows: (1) Thinking about oneself, (2) Being with
others, (3) Religions and traditions, (4) How products were produced, (5) Life in earlier
generations, (6) My hometown, (7) Earth, and how people live in other places, (8) Animals,
woods, fields, ponds, and flowers, (9) Sun, moon, stars, and universe, (10) Water, air,
weather, and stones, (11) Technology, electricity, and inventions, and (12) Substances and
their properties [33].

2.2.2. Open Questions to Justify Topic Preferences or Aversions

After the ranking of popularity /unpopularity was completed by the students, they
were asked to state why they liked or disliked teaching these topics. Students could give up
to three reasons per topic, formulating their own answers and having to give a justification
for a total of six topics (the selected three preferred teaching topics and the selected three
unpreferred teaching topics).

2.2.3. Nature-Human-Society Questionnaire (NMG Questionnaire)

To obtain general information on students’ assessments of the different Nature—
Human-Society content areas, the NMG Questionnaire was used [25]. It is a standardized
self-report instrument for Swiss kindergarten and primary school trainee teachers and
in-service teachers that asks them to rate the same nine items for each of the following
seven Nature-Human-Society content domains: social/ethical, cultural/religious, histor-
ical/political, geographical, economic, physical/technical, and biological. Thus, in total,
there were 63 items that the students had to rate on a 5-point Likert scale, with the number
1 meaning “strongly disagree” and the number 5 “agree strongly”.

For the evaluation, the items, three each, were combined into three scales, which are
as follows: Experience, Affection, and Perceived Capability. Thus, these trainee teacher
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characteristics could be specified for each individual content area of the Nature-Human-
Society subject. The scale Experience referred to positive memories and familiar experiences
acquired in formal and informal learning settings, the scale Attitude to positive feelings
and affinity to a specific content area, and the scale Perceived Capability to self-efficacy
beliefs in the field of disciplinary knowledge and the ability to accumulate and impart
knowledge. In the questionnaire evaluation, the Cronbach’s alphas of the three subscales
(Experience, Affection, and Perceived Capability) of all Nature-Human-Society content
areas ranged between 0.68 and 0.88 [34].

2.3. Data Analyses

In an SPSS data file, the raw data of the online questionnaire were inserted and initially
screened for error outliers or random tick marks to determine the possible questionnaires
to be evaluated. Then, general descriptive analyses were performed on the demographic
variables to obtain information about the sample composition.

For each Nature-Human-Society domain, the related single items of the NMG Ques-
tionnaire were converted into three scales (Experience, Affection, and Perceived Capability)
and the Cronbach’s alphas were calculated [35]. Furthermore, detailed descriptive statis-
tics [36] were specified for the experience, affection, and perceived capability variables
towards the different Nature-Human-Society teaching areas. For every scale (Experience,
Affection, and Perceived Capability), the data of the seven content domains were then
z-transformed. Thus, it was possible to explore which content-domain expression was more
or less pronounced compared to the total score of Nature-Human-Society (see Section 3.1).
Which Nature-Human-Society topics among trainee teachers were generally most popular
to teach and which were the least popular topics to teach was deduced based on the data
of the individuals’ ranking of the three favorite and the three disliked teaching topics (see
Section 3.2).

The reasons why certain teaching topics were preferred or rejected were elicited
with open-ended questions, so the freely formulated answers of the trainee teachers had
to be analyzed qualitatively in terms of content [37]. The length of the answers varied
between one and three statements per teaching topic, as it was up to the trainee teachers
how many reasons they gave (a maximum of three). The categories for the reasons to
like or dislike teaching topics were originally developed from the data material. For this
purpose, the answers were examined individually and assigned to one or more categories
(maximum three reasons per topic) depending on the content. The category names and
definitions were gradually refined or supplemented during the analysis process in order to
describe the category as accurately as possible for all topics, including indications of anchor
examples. In this process, care was taken to ensure that the categories were separable;
otherwise, categories were streamlined by combining categories with related content into
larger categories. In the content coding, numbers were assigned to the answers so that a
quantitative evaluation of the frequency of the individual categories could finally be made.
In the second step of control analysis, which was conducted by a second researcher, the
categories already developed were used to evaluate the data a second time. This double
coding, independent from the first evaluation, was conducted to ensure the intersubjective
traceability (reliability) of the category assignment. In this way, possible categories that
may not have been assigned uniformly to an answer could be checked again and clarified
together. After the categorization, the absolute frequencies per category were calculated
to indicate how strongly the categories for liking and, respectively, disliking were used as
arguments across all twelve teaching topics. Since the number of statements per teaching
topic varied, the relative frequencies of categories were used to highlight the top three
arguments per teaching topic in a figure. This made it possible to identify similar or
dissimilar main arguments across the twelve topics (see Sections 3.3 and 3.4).
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3. Results
3.1. Trainee Teachers’ Expressions About Nature—Human-Society Domains

The internal consistencies of all Experience scales, Affection scales, and Perceived
Capability scales ranged from 0.74 to 0.94. In addition to Cronbach’s alpha, Table 1 also
shows the mean scores and standard deviation for each individual subscale referring to
the seven content domains of the Nature-Human-Society subject. The minimum and
maximum of all subscales was between 2.65 and 4.34 (Likert scales ranged between 1 = low
and 5 = high).

Table 1. Cronbach’s alphas, means, and standard deviations of Experiences, Affections, and Perceived
Capabilities (Per. Cap.) in the individual Nature-Human-Society domains; n = 220.

. Experience Experience Affection Affection Per. Cap. Per. Cap.

Content Domain P N Z\I/)I (SD) N M (SD) " p M (SDf
Social-ethical 0.841 3.66 (0.87) 0.922 4.07 (0.82) 0.885 3.67 (0.81)
Cultural-religious 0.807 3.41 (0.93) 0.908 3.73 (0.94) 0.869 3.56 (0.88)
Historical-political 0.794 3.23 (0.96) 0.897 3.64 (0.91) 0.838 3.35 (0.93)
Geographical 0.847 3.63 (0.88) 0.929 3.89 (0.80) 0.874 3.63 (0.84)
Economic 0.836 2.65 (0.89) 0.899 2.89 (0.89) 0.878 2.89 (0.89)
Physical-technical 0.869 2.79 (1.00) 0.937 3.01 (1.06) 0.738 3.20 (0.84)
Biological 0.828 4.09 (0.79) 0.926 4.34 (0.75) 0.889 4.01 (0.83)

To compare the characteristics in the different Nature-Human-Society domains, the
standard values of Experience, Affection, and Perceived Capability scales were calculated
and presented in Figure 2. It emerged that trainee teachers’ experiences, affections, and
perceived capabilities in the biological, social-ethical, and geographical areas were above
average, while these values were clearly below average in the economics and physics—
technology fields. The experiences, affections, and perceived capabilities regarding cultural-
religious and historical-political domains were balanced equally, with a slight upward
tendency for the former and a slight downward tendency for the latter.
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Figure 2. Standardized means of Experience, Affection, and Perceived Capability of all content
domains; n = 220.

Furthermore, the three-bar expressions of each content domain indicate that trainee
teachers” experience, affection, and perceived capability are quite homogeneously pro-
nounced within the content domains.
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3.2. Trainee Teachers’ Popularity Ranking of Teaching Topics

From the list of twelve Nature-Human-Society teaching topics, the three most favored
were “Earth, and how people live in other places” (110 favor votes), “Animals, woods,
fields, ponds, and flowers” (97 favor votes), and “Life in earlier generations” (89 favor
votes), while the three most disliked were “Substances and their properties” (125 dislike
votes), “Technology, electricity, and inventions” (124 dislike votes), and “My hometown”
(82 dislike votes). For each teaching topic, Figure 3 shows what percentage of students
chose this topic as a favored or disliked teaching topic (each student was allowed to
indicate three favored and three disliked topics). The results in Figure 2 also show that,
generally, those teaching topics that were most popular also tended to receive the fewest
unpopularity votes and vice versa. This also applies to the fourth-liked topic, “Being
with others”, where the popular/unpopular ratio shows a clear direction toward popular
(74 votes in favor, 17 votes not in favor). Furthermore, the presented results evidenced
which teaching topics are ranked in the middle of the popularity list, with the proportion for
popular or unpopular being less than one-third and a more balanced relationship between
popular/unpopular in each case, for example, “Thinking about oneself” (46 favor votes,
64 dislike votes), “Religions and traditions” (54 favor votes, 61 dislike votes), “Sun, moon,
stars, and universe” (61 favor votes, 34 dislike votes), “How products were produced”
(33 favor votes, 51 dislike votes), and “Water, air, weather, and stones” (30 favor votes,

45 dislike votes).
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Substances and their properties F 56,8 ﬁ;ﬂt 12
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Figure 3. Percentages of participants who selected the various teaching topics of Nature-Human—
Society subject as favored and disliked, respectively (n = 220, where each person could name a
maximum of three favorite and three least favorite topics). In addition, the ranking of the respective
teaching topics on the popularity scale is shown in green and that of the unpopularity scale is shown
in orange.
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3.3. Trainee Teachers” Arguments for Favoring Teaching Topics

Table 2 shows what kind of statements the trainee teachers made that led to the
formation of twelve categories with arguments for liking a teaching topic. For each category,

we specify the included statements and provides anchor examples.

Table 2. Category system for favoring topics. The categories are color-coded to match Figure 4.

Category

Category Definition

Anchor Example

A High relevance to everyday life

Statements describing knowledge of
this topic as generally relevant to life.

“It is important for life.”
“This is relevant to everyday life.”

Possibility of illustrative or
action-oriented teaching

Statements focusing on favoring a
lesson design.

“Here the children can experience a lot
for themselves in class.”

Personal interest

Statements expressing the trainee
teacher’s general interest in the topic.

“I like that.”
“I have always enjoyed that.”

Promotion of
prosocial behavior

Statements considering social skills to
be important to promote.

“Children should learn how to deal with
others. Empathy is important.”

Significant shift in perspective

Statements expressing that children
should broaden their own horizons.

“Children should look beyond their usual
sphere of experience.”

Important to build up
background knowledge

Statements that children should
develop a deeper understanding.

“It is important that children understand
why/how. ..”

To build up awareness
and appreciation

Statements of ethical awareness and
appreciation development.

“These are topics where children need to
be sensitized.”

Important for
personality development

Statements referring to the importance
of self-reflection and self-esteem.

“Children should reflect themselves.”
“They should build self-confidence.”

Value of sustainability and
environmental protection

Statements valuing the protection of
nature and sustainable development.

“Education for environmental
sustainability is important.”

Children’s interest and
experiences given

Statements showing that children are
intrinsically motivated.

"Because that fascinates children.”
“Because children like to do it.”

Fascination for the unknown

Statements indicating it is exciting to
learn more about something unknown.

“I would like to know more about the
unknown/unexplored.”

High ability—self-concept

Statements that they feel competent
about the issues of this topic.

“I know this [content area] well.”
“I am confident that I can teach it.”

C; 194 E; 112

Figure 4. Frequency of statements in the various categories about liking teaching topics; N = 1278.

A total of 1278 category assignments were made. The most frequently cited reason for

choosing a topic as one of the three favorite teaching topics was “High relevance to every-
day life” (A), followed by “Possibility of illustrative or action-oriented teaching” (B) and
“Personal interest” (C). Further reasons, according to the frequency with which they were
mentioned, were “Promotion of prosocial behavior” (D), “Significant shift in perspective”
(E), “Important to build up background knowledge” (F), “To build up awareness and ap-
preciation” (G), “Important for personality development” (H), “Value of sustainability and
environmental protection” (I), “Children’s interest and experience given” (J), “Fascination
for the unknown” (K), and “High ability self-concept” (L). The exact number of mentions
assigned to these categories is shown in Figure 4.

For each teaching topic, Figure 5 indicates which three categories of arguments for
liking a certain teaching topic were most pronounced. The top three categories represent
between 55 and 100 percent of the trainee teachers’ statements in each teaching topic. This
means that for some teaching topics, these three categories have almost a full informative
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value, while for other teaching topics, the reason for popularity is more multi-layered than
what is covered by the three categories. The average coverage for reasons in the top three
categories is 74 percent.

Substances and their properties N N - 25

Technology, electricity, and inventions | NS N =55
Water, air, weather, and stones | NN N =59
Sun, moon, stars, and universe [ NN N =123
Animals, woods, fields, and flowers | N =192
Earth, and how people life in other places [NV N =197
My hometown [N N =45
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How products were produced [N N=72
Religions and traditions | s N =93
Being with others | N =127
Thinking about oneself [IIIIIINE I N =132
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relative frequence (%)
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Figure 5. The relative frequency of the top three arguments (categories A-L) for liking a certain
teaching topic. N indicates the total number of category statements given per teaching topic.

Focusing on the second research question, we looked at the distribution of the cate-
gories across all teaching topics, showing in which teaching topic the categories appeared
as the top three arguments and in which they did not. The category “High relevance to
everyday life” (A) made it most often into the top three arguments, with the exception of
the teaching topic “Sun, moon, stars, and universe” and “How products were built”. The
second category most often chosen, “Possibility for illustrative or action-oriented teaching”
(B), was found among the top three arguments for liking a teaching topic, except for the
teaching topics “Religions and traditions” and “Thinking about oneself”. The category
“Personal interest” (C) was also in the top three arguments for many teaching topics but
not for “Technology, electricity, and interventions”, “My hometown”, “How products were
built”, “Religions and traditions”, “Being with others”, and “Thinking about oneself”.
The category “Promotion of prosocial behavior” (D) was present among the top three
arguments for liking the teaching topics “Religions and Traditions”, “Being with others”,
and “Thinking about oneself”. The category “Significant shift in perspective” (E) seemed
to be a frequent argument, especially for the topics “Earth, and how people live in other
places” and “Religions and traditions”.

The category “Important to build up background knowledge” (F) only made it into
the top three arguments for one topic, namely “Technology, electricity, and interventions”.
The category “To build up awareness and appreciation” (G) is represented twice among the
top three arguments, namely in the teaching topics “My hometown” and “How products
were built”. The category “Importance for personality development” (H) was among
the top three arguments for the topic “Thinking about oneself”. The category “Value of

182



Educ. Sci. 2024, 14,1184

sustainability and environmental protection” (I) appeared in only one topic in the top three
arguments, namely “How products were built”. The category “Children’s interest and
experiences given” (J) did not make it into the top three arguments for any of the teaching
topics but was most likely to play a role in favoring the topics “Animals, woods, fields,
and flowers” and “Sun, moon, stars, and universe”. The category “Fascination for the
unknown” (K) was particularly frequent in the topic “Sun, moon, stars, and universe” and
was also among the top three arguments. The category “High ability self-concept” (L) did
not emerge in the top three arguments in any of the teaching topic fields but appeared
infrequently in the topics “Sun, moon, stars, and universe”, “Animals, wood, fields, and
flowers”, and “Water, air, weather, and stones”.

In the following list, only the most evident argument for each teaching topic was
highlighted and illustrated with examples from their respective topic. The description of
the main argument for preferring a topic is listed according to its popularity ranking:

s The teaching topic “Earth, and how people live in other places”, which emerged as
the most popular topic to teach among the trainee teacher group, was justified in
its popularity most often by a “Significant shift in perspective” (category E), i.e., “It
should be shown to the children that there is not only Switzerland. Getting to know other
cultures and habitats, and thus broadening their horizons is enriching. It gives them the
opportunity to question what they are used to.”

s The most common reason for preferring to teach the second favorite topic, “Ani-
mals, woods, field, ponds, and flowers” was the “Personal interest” (category C),
i.e., “Because I am very interested in animals and how to deal with them. I also like being in
nature, observing the landscape and agriculture. But most of all, I love animals. I have some
myself. Biology was my favorite subject at school.”

s For the third favorite teaching topic, “Life in earlier generations”, the argument of
“High relevance to everyday life” (category A) was most often crucial for favoring to
teach it, i.e., “To understand today’s state of affairs, I think it is necessary to take a look at the
past. The past has influenced the present and will also influence the future. It is important that
children also know what the world was like when they were not around. Thus, the children see
how the world has changed and is still changing.”

s The popularity of teaching the fourth-ranked topic, “Being with others”, was most
often justified with the “Promotion of prosocial behavior” (category D), i.e., “Children
will always have to deal with different people, so they should learn how to approach others
politely and openly. Learning to respect each other is also beneficial to the classroom climate.”

" For the fifth-ranked teaching topic, “Sun, moon, stars, and universe”, the argument
of “Personal interest” (category C) was most often dominant for favoring to teach
it, i.e., “I find it fascinating how small we are compared to the universe. The darkness of
the universe is beautiful on one side and scary on the other. I personally find the universe
extremely exciting and wanted to study astrophysics once.”

s The popularity of the teaching topic in sixth place in the popularity list, “Religions and
traditions”, was justified most often with “Promotion of prosocial behavior” (category
D), i.e., “I would like to teach it to convey understanding and acceptance for other religions
and customs so that perhaps at some point issues such as racism or hatred between different
religions lose their relevance and we learn to live and let live.”

s The top argument for liking to teach the seventh-favorite topic, “Thinking about
oneself”, was that it is “Important for personality development” (category H),
i.e., “So that the children get time to get to know themselves, find out what they can do well
and thereby possibly gain greater self-confidence. And then also dare to speak their mind in
this world.”

s The eighth-ranked topic, “How products were produced”, was most often liked due
to its possibility “To build up awareness and appreciation” (category G), i.e., “Because
we people often do not know the process behind it and rarely deal with it. This could promote
consumer awareness. Children should understand, for example, that there are many production
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steps and transportation routes behind a t-shirt that we wear and that cheap t-shirts are linked
to questionable working conditions and low wages.”

s The teaching topic “Water, air, weather, and stones” was ranked in ninth place
and was liked by trainee teachers most often due to “Personal interest” (category
C), i.e., “There are exciting natural phenomena to this. I am interested in it. Even as a child I
found it positive in class. Recently I have delved more deeply into this content and again have
found it pleasurable.”

s The tenth-ranked teaching topic, “Technology, electricity, and inventions”, was fa-
vored to be taught most often because it is “Important to build up background
knowledge” (category F), i.e., “We live in a modern technological world, which is why I
think it is also important to understand the background of new technology. Children should
develop an understanding of how such machines/devices etc. work.”

s The most common reason for liking the eleventh-ranked teaching topic, “My home-
town”, was the “Possibility of illustrative or action-oriented teaching” (category B),
i.e., “Even in their own town there is still a lot for children to discover. You can make excur-
sions nearby, such as visiting a farm. Children’s learning can take place outside the classroom
with this theme.”

s The twelfth and thus last-ranked teaching topic in the popularity list was “Substances
and their properties”. It was liked most often from trainee teachers with a “Personal
interest” (category C), i.e., “I am interested in chemistry. Personally, I find it very interesting
to do experiments.”

Generally, it must be mentioned that the number of arguments on the teaching topics
naturally varies, as certain topics appealed to more trainee teachers (see Figure 3) than
others and were therefore subject to more or less frequent argumentation by trainee teachers
(see Figure 5). When a person expressed a preference for a particular topic, the average
number of reasons given for this preference of the categories described above was 1.94.

In total, only three arguments of categories were found in the sample for liking
the teaching topic “Substances and their properties” (expressed categories: A-C), five
categories for liking the teaching topic “Thinking about oneself” (expressed categories:
A-C, F and G), seven categories for liking the teaching topics “Water, air, weather, and
stones” (expressed categories: A-E, H, and J) and “Technology, electricity, and inventions”
(expressed categories: A-E, H, and ]), and eight categories for liking the teaching topic
“Being with others” (expressed categories: A-C, E-G, I, and K). Furthermore, nine categories
were classified for the teaching topics “Life in earlier generations” (expressed categories:
all except E, G and L), “My hometown” (expressed categories: all except F, G, and L),
“Animals, woods, fields, ponds, and flowers” (expressed categories: all except F, G, and L),
and “Sun, moon, stars, and universe” (expressed categories: all except F, G, and K). Finally,
ten categories were assigned for liking the teaching topics “How products were produced”
(expressed categories: all except D and F) and “Earth, and how people live in other places”
(expressed categories: all except D and G), and eleven categories for liking the teaching
topic “Religions and traditions” (expressed categories: all except G).

Based on these results, it can be said that teaching topics that were generally extremely
popular and therefore subject to justification by many trainee teachers did not always have
more arguments than those topics that were less popular. Rather, it seemed to depend on
how many different arguments were expressed by trainee teachers.

3.4. Trainee Teachers’ Arguments for Disliking Teaching Topics

Table 3 lists the categories that give arguments for why trainee teachers disliked certain
teaching topics. The nine-section category system was developed on the basis of the trainee
teachers’ statements and was illustrated in more detail in the table with content definitions
and anchor examples.

184



Educ. Sci. 2024, 14,1184

Table 3. Category system for arguments as to why a teaching topic is disliked. The categories (a—i)

are color-coded to match Figure 6.

Category Category Definition Anchor Example
- Statements expressing the trainee “[1t] doesn’t really interest me.”
a Personal disinterest P D . " . . P
teacher’s general disinterest. I am not interested in that”.
b Lack of conceptual knowledge Statements of lack of knowledge or I lack the knowledge here.

describing it as difficult and complex.

“I do not know the field well. . .”

Lack of ideas for teaching

Statements focusing on the lack of
ideas/possibilities for lesson design.

“I don’t see how you could teach this in an
exciting way.”

Lack of fit for age group

Statements that the topics are too
difficult or uninteresting for children.

“Is still too difficult for the age group.”
“Children are not interested in that.”

Low ability—self-concept for
teaching

Statements that they do not feel
competent about this issue.

“I wouldn’t know how to teach this.”
“I don’t trust myself to do that.”

Lack of relevance for everyday life

Statements that knowledge of this topic
is generally not relevant to life.

“There are more important issues.”
“I don't see its relevance to everyday life”.

Part of extracurricular or
general education

Statements referring to it as a general or
extracurricular education topic.

“This topic is the parents’ responsibility.”
“Can be addressed elsewhere”.

Afraid of delicate topic

Statements that topics are delicate to
address, because they are very personal.

“It is a sensitive topic. I am afraid of
hurting someone’s feelings.”

Lack of science-based facts

Statements of beliefs that the topic is
insufficiently knowledge-based.

“Knowledge is still changing in this field.”
“It lacks scientific theories.”

Figure 6. Frequency of statements in the various categories about disliking teaching topics; N = 788.

The letter indicates the category and the number represents the frequency of this category.

There are four categories of arguments for disliking a teaching topic that expressed the
opposite poles of the arguments designated for liking teaching topics, namely “Personal
interest” vs. “Personal disinterest”, “Possibility of illustrative or active-oriented teaching”

vs. “Lack of ideas for teaching

V7S

, “High ability self-concept” vs. “Low ability self-concept”,

and “High relevance to everyday life” vs. “Lack of relevance for everyday life”.
A total of 788 category assignments were made for the arguments used by trainee

teachers to justify their three least favorite teaching topics. The most common reason for
disliking a teaching topic was “Personal disinterest” (a), followed by “Lack of conceptual
knowledge” (b) and “Lack of ideas for teaching” (c). Other reasons are listed here according
to how frequently they were mentioned (for the exact frequency of mention, see Figure 6):
“A lack of fit for age group” (d), “Low ability self-concept for teaching” (e), “Lack of
relevance to everyday life” (f), “Part of extracurricular or general education” (g), “Afraid of
delicate topic” (h), and “Lack of science-based facts” (i).

Figure 7 shows, for each teaching topic, which three categories of arguments for dislik-
ing a particular teaching topic were most prevalent. These extracted top three categories of
dislike represent between 54 and 100 percent of the statements made by trainee teachers in
each topic area. Accordingly, for some teaching topics, partially complete information was
already available in these three categories, while for other teaching topics, the reasons for
unpopularity are more complex than was covered by the three categories. Including the
three categories presented for each topic, the reasons for unpopularity for all the topics are,
on average, 78 percent.
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Figure 7. The relative frequency of the top three arguments (categories a—i) for disliking a certain
teaching topic. N indicates the total number of category statements given per teaching topic.

From the colors of the bars, it becomes clear that the two most frequently represented
categories are also among the top three arguments for disliking almost all topics. The
argument “Personal disinterest” (a) appears for 10 out of 12 topics in the top three, but the
teaching topics “Being with others” and “Thinking about oneself” do not. Likewise, the
argument “Lack of conceptual knowledge” (b) is in ten of the twelve topics in the top three,
but not among the teaching topics “My hometown” and “Thinking about oneself”. The
argument “Lack of ideas for teaching” (c) is one of the three dominant reasons for disliking
five out of twelve teaching topics, namely: “Technology, electricity, and innovations”,
“Sun, moon, stars, and universe”, “My hometown”, “How products were produced”, and
“Thinking about oneself”. The category “Lack of fit for age group” (d) is among the top
three arguments for disliking the teaching topics “Substances and their properties” and
“Thinking about oneself”, while the category “Low ability self-concept (to teach)” (e) is
the reason for disliking “Water, air, weather, and stones”, “Animals, woods, fields, and
flowers”, and “Being with others”. Only one teaching topic, the category “Lack of relevance
for everyday life” (f), was dominant among the top three arguments for disliking teaching
topics. The category “Part of extracurricular or general education” (g) was often the main
reason for disliking the teaching topics “My hometown” and “Being with others”. As a
crucial category in the top three, the argument “Afraid of delicate topic” (h) appeared for
disliking the teaching topics “Religions and traditions” and “Thinking about oneself”. For
the sake of completeness, it must be stated that the category “Not enough science-based
facts” (i) did not make it into the top three for disliking any topic. This argument was
found, for example, in justifying the unpopularity of the teaching topics “Thinking about
oneself” and “Religions and traditions”.

Among the list of unpopular teaching topics, starting with the most unpopular one,
the following were highlighted as the crucial reason for each teaching topic, illustrated by
a concrete example:

s Theleast popular topic was “Substances and their properties” and the justification for
disliking it was most often attributed to a “Lack of conceptual knowledge” (category
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b), i.e., “Chemistry has never been my strong point. I have the feeling that I would then
explain a lot of things incorrectly.”

The second least popular topic, “Technology, electricity and inventions”, was also
justified as disliked most often because of a “Lack of conceptual knowledge” (category
b), i.e., “I don’t know very much about it; it’s not my field of expertise. Even when I was in
school, I didn’t understand electricity or physics.”

The most frequent reason for not liking the third least popular topic, “My hometown”,
was “Personal disinterest” (category a), i.e., “Personally, I have little interest in it. There
are more exciting topics for me. Switzerland is about the same everywhere. Foreign environ-
ments arouse my interest more. That’s why I don’t want to teach it, because anything you
don’t enjoy is harder to get across as a teacher.”

The fourth-ranked teaching topic, “Thinking about oneself”, was most often not liked
because of a “Lack of ideas for teaching” (category c), i.e., “I can’t imagine exactly how
one would teach this. Does this even work as a Nature-Human-Society teaching topic?”

The fifth-ranked teaching topic, “Religions and traditions”, was frequently not liked
as a subject matter due to the category “Afraid of delicate topic” (category h), i.e., “I
think this is a very delicate issue and I imagine that it would be a great challenge to respond
fairly to all students and their faith. From my own experience, I know that this topic requires
a lot of sensitivity (can degenerate into ‘my religion is better than yours’).”

The sixth-ranked teaching topic, “How products were produced”, was most often not
liked by trainee teachers due to “Personal disinterest” (category a), i.e., “I don't find it
that interesting. In the lessons, I would not go into too much detail about the production steps
of goods, because that would be too dry for me.”

In addition, the seventh-ranked teaching topic, “Water, air, weather, and stones”,
was most often disliked due to a “Personal disinterest” (category a), i.e., “I'm less
enthusiastic about this topic myself, which the children would then probably notice. Personally,
stones and crystals hardly interest me.”

The eighth-ranked teaching topic in the unpopularity list was “Life in earlier gen-
erations” and was justified most often due to a “Lack of relevance to everyday life”
(category f), i.e., “It is the past. We live in the here and now and I think the future is generally
more important. Therefore, in my opinion, the past is not so relevant to teach, for example, the
Middle Ages a whole school year.”

In the ninth-ranked teaching topic, “Sun, moon, stars, and universe”, the arguments
“Personal disinterest” (category a), “Lack of conceptual knowledge (category b), and
“Lack of ideas for teaching” (category c) were equally cited as the most common
reason to dislike teaching this topic, i.e., “Because of lack of interest and knowledge on my
part. I would not know how to explain it best, since the content is difficult to illustrate.”
The tenth-ranked teaching topic, “Animals, woods, fields, ponds and flowers”, was
most often disliked due to a “Personal disinterest” (category a), i.e., “I am not really an
animal lover. I have little interest in them, and I am even afraid of some animals.”

The disliking of the eleventh-ranked teaching topic, “Being with others”, was justified
most often with a “Low ability self-concept for teaching” (category e), i.e., “I find this
topic difficult to teach. I do not know if I could teach it.”

The least unpopular topic, “Earth, and how people live in other places”, was con-
sequently last ranked on the unpopularly list and there were only two arguments
for disliking expressed, namely “Personal disinterest” (category a), i.e., “I am not
interested in this.” and “Lack of conceptual knowledge” (category b), i.e., “I have too
little knowledge about life in other countries, no experiences, no real knowledge (I have never
been there).”

For the list of reasons for disliked teaching topics, it must also be mentioned that the

number of justifications per teaching topic naturally varies, since certain topics are disliked
by decidedly many trainee teachers and others by rather few (see Figure 3) and therefore
subject to more or less frequent argumentation by trainee teachers (see Figure 7). When
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trainee teachers expressed a dislike of a particular teaching topic, the average number of
reasons given for this dislike was 1.17 categories of those described above.

Overall, it was noted that not every justification was used for every teaching topic.
There were teaching topics where the same few reasons were always given, and others
where the reasons were more varied. In total, two argumentation categories for the topic
were found in “Earth, and how people live in other places” (expressed categories: a and b),
three categories for the topic “Animals, woods, fields, and flowers” (expressed categories: a,
b, and d), six categories for the topic “How products were produced” (expressed categories:
a—e and g), seven categories for the topic “Sun, moons, stars, and universe” (expressed
categories: a—e, g, and i), eight categories for the topics “Being with others” (expressed
categories: all except category d), “Life in earlier generations” (expressed categories: all
except category i), “My hometown” (expressed categories: all except category i), and all
nine categories for the topic “Thinking about oneself” (expressed categories: all).

4. Discussion

Guided by the open question of what arguments trainee teachers give for liking
or disliking certain teaching topics in the Nature-Human-Society subject, this research
was conducted with a study cohort of first-year students. The sample of this study can
be considered representative of the typical student cohorts of this university of teacher
education [32], as the typical gender ratio is represented quite well, and the sample’s
Nature-Human-Society preferences and characteristics were similar to the results of other
studies in terms of prior experience, affection, and perceived capability [22-26]. It became
clear once again that there are two subject areas in Nature-Human-Society that the trainee
teachers, compared to other topics, have not had such good experiences with, do not
find emotionally appealing, and do not feel confident enough to teach. These areas are
economics and physics—technology. Conversely, biological and social-ethical topics seem
to have a positive status among the trainee teachers, both in terms of experience, affection,
and perceived capability. The geographical teaching topic “Earth and how people live in
other places” seems to combine trainee teachers’ biological and social-ethical orientation
best, as it was clearly the most popular topic to teach, followed by the biological teaching
topic “Animals, woods, ponds, and flowers”. At the bottom of the popularity scale for
teaching topics were object-related topics, i.e., topics from the field of inanimate nature
and technology, which is not surprising as trainee teachers’ interest structure is known to
be more person-orientated [26]. These results reflected the findings of other quantitative
studies quite well [22-26].

However, the perspective of the children was not sufficiently reflected in this view of
the trainee teachers. While the trainee teachers’ positive attitudes towards topics of animate
nature are in line with the interests of the children, the negative attitude of the trainee
teachers towards topics of inanimate nature clashed with the interest preferences of the
children, who expressed a strong interest in this area. This suggests a mismatch between
pupils and teachers and can ultimately mean that the topics that are of most interest to
children (see Figure 1) [12] are not given sufficient time and importance in lessons because
of their teachers’ negative attitudes towards the abovementioned topics. Thus, the learning
processes and outcomes of pupils can be compromised if teachers systematically neglect
certain topics because of their personal outlook, even if the curriculum provides for a wide
range of content [4,38—40]. Therefore, it was also important to explore the backgrounds
that shape the attitudes of pre-service teachers.

The research question “How do trainee teachers justify their likes and dislikes for
Nature-Human-Society teaching topics?” was answered in a differentiated way for twelve
different teaching topics in this study. Even if there were teaching topics that were generally
more (or less) popular among the trainee teachers, there was at least a small group of trainee
teachers for each of those twelve teaching topics who ranked these Nature-Human-Society
topics among their top three favorite (or least favorite) topics to teach. Thus, according
to this survey, there are reasons to like or dislike a teaching topic for all twelve topics of
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Nature-Human-Society. However, it must also be noted, as a limitation of this study, that
the empirical evidence of the argumentation was not equally high for all teaching topics,
as there were topics that were only liked or disliked by a few and therefore not based on
a large number of trainee teachers. Research desiderata would therefore include further
qualitative surveys specifically on those teaching topics of Nature-Human-Society that are
named as popular or unpopular by particularly few trainee teachers in order to increase
the informative value of these data.

The most common reasons given for wanting to teach a topic were because it is highly
relevant to everyday life and because it can be taught with illustrative materials or out of
personal interest. Personal disinterest, a lack of conceptual knowledge, or a lack of teaching
ideas, on the other hand, were the most common reasons for not liking certain teaching
topics. Itis notable that the statements about which issues of these topics they felt competent
were underrepresented in the arguments for liking teaching topics. At the same time, the
conviction that they do not have enough knowledge about these content areas seemed to
have played a decisive role in the arguments for disliking a teaching topic. This finding is
important because it highlights the need to work on trainee teachers’ subject knowledge
during their teacher training and also on didactic knowledge to implement this content
in an appropriate way for children. Conversely, the findings of this study have made it
clear that a positive attitude towards certain teaching topics is not necessarily related to the
trainee teachers’ perceptions of their competence in those subject areas. In other words, just
because a teacher has a positive attitude towards a subject area does not mean that they
feel confident to teach that subject area. This also suggests that it is generally important
to create a teacher trainee environment where students feel supported and encouraged to
develop their teaching skills, since trainee teachers’ attitudes are not the only factor that
determines pupils’ learning [4,18,30,38,39,41]. However, it is known from the literature that
the areas of personal interest are often associated with increased knowledge in this area,
as people are more concerned with issues that interest them [42]. Therefore, the argument
of an interesting topic can also be seen indirectly as an indicator that trainee teachers
have more knowledge or experience in this content area. A previous study [23], which
objectively recorded the general knowledge in specific areas, showed nevertheless that
many trainee teachers who showed an interest in a particular Nature-Human-Society topic
had no increased declarative knowledge of it. An effective difference in content knowledge
was evident only in the comparison group of trainee teachers who favored or did not favor
physics. Overall, according to the present study, the value-appreciative appraisal of the
teaching topic, the teaching opportunities, and the personal interest approach seem to
characterize teaching preferences.

After the analysis of all the inductively obtained arguments for liking and disliking
certain teaching topics, an attempt was made to relate them theoretically. The three
dimensions of attitude (Cognitive Beliefs, Affective States, and Perceived Control) according
to the theoretical framework of Van Aalderen-Smeets and colleagues [30] seemed to be
quite suitable for classifying all identified arguments (see Table 4). Only the dimension of
Affective States had to be expanded with the Affective Access concept because the category
of interest/disinterest found was broader as a concept than as a pure emotion. However,
let us examine the individual dimensions one by one.

The first dimension we explored was Cognitive Beliefs. According to Van Aalderen-
Smeets and colleagues’ [30] theoretical framework, the cognitive dimension of attitude
encompasses the evaluative thoughts and beliefs that a person has about the object of the
attitude. This includes, for example, the perceived relevance or importance of the topic for
society and daily life, as was also often found in the trainee teachers” arguments in this
study. Trainee teachers mentioned that pupils can gain various benefits from dealing with
these teaching topics, such as sensitive behavior towards the environment and other people.
Thus, it became clear in this study that trainee teachers believe that the environment and the
interplay of the self with others are fundamental. Obviously, the prospective teachers of the
Nature-Human-Society subject see their task as teaching children values that ensure the
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preservation of the environment and social coexistence, thus the livelihood and well-being
of people. It was remarkable that only the teaching topic “Sun, moon, stars, and universe”
had no main argument for liking which was justified by being useful in people’s lives.
The trainee teachers probably do not see any direct benefits in having knowledge about
celestial bodies as opposed to earlier times in history when celestial bodies were used, for
example, for orientation or as an early form of the calendar. Generally, it can be stated from
the literature that newer technologies have changed the significance of knowledge about
the celestial bodies for humans’ daily life, although there is clearly an awareness in society
that without the sun, for example, there would be no life on earth and that the sun is also
important as a renewable energy source [43]. Another trainee teacher’s argument that can
be counted among the cognitive beliefs of relevance attribution is that children’s interests
and experiences are assumed for a particular subject area. It is therefore important to the
trainee teachers that the topic is of interest to the children, that it has something to do with
their immediate environment, and that children have already encountered it. A lack of
topic relevance would thus be equated with a lack of child interest and motivation. If the
topic is not relevant enough for children, then it does not arouse the interest and motivation
necessary for learning, or if the topic has no connection to their lifeworld, then they cannot
establish a personal context. Furthermore, there is the assumption that certain subject areas
are not the responsibility of schools. In addition, some trainee teachers do not see much
relevance in teaching some assigned tasks of the Nature-Human-Society subject because
they believe that children can gain this knowledge and skill elsewhere. At the same time,
the belief of “Part of extracurricular or general education” highlights the potential lack of
understanding or imagination regarding what this topic entails or could signify within the
classroom setting. Here, teacher training can play a crucial role in providing guidance and
shedding light on the intricacies of these subject areas.

Table 4. Assignment of the inductively formed categories to the three attitude dimensions of the
theoretical framework of [30]. Note: the attitude dimension Affective State was adapted with the
term Affective Access.

Dimension Arguments for Liking Arguments for Disliking
. High relevance to everyday life
. Promotion of prosocial behavior
" Significant shift in perspective n Lack of relevance for everyday life
Coeniti . . Important to build up background knowledge " Part of extracurricular or general education
ognitive Beliefs To build d At Lack of sci based f
. o build up awareness and appreciation " ack of science-based facts
" Important for personality development u Lack of fit for age group
m  Value of sustainability and environmental protection
. Children’s interests and experiences given
Affective Access Personal interest " Personal disinterest
Fascination for the unknown ] Afraid of delicate topic
Perceived Control P(?ssibili.ty of illustrative or action-oriented teaching : E:Et gi lciiiseg:flzfﬁérﬁ edge
High ability-self concept " Low ability self-concept for teaching

According to Van Aalderen-Smeets and colleagues’ [30] theoretical framework, another
attribute of Cognitive Beliefs is the perceived general (and not subjective) difficulty of
teaching that topic. It refers to a difficulty that is inherent in the task or situation itself
and is not dependent on the individual’s perception or experience. This form of cognitive
belief could be identified once in the argument of assuming a general lack of established
knowledge in this area. The belief that it is difficult to teach something about which there
are not enough facts was not mentioned frequently in this study, but it showed that trainee
teachers recognize either a difference in the quality of data, evidence, and regularities across
some sciences (i.e., religion studies vs. physics) or that they are simply not yet familiar
enough with the theoretical concepts behind certain topics (i.e., thinking about oneself) in
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order to recognize them. Furthermore, the argument that the topic is not appropriate for an
age group can also be seen as a cognitive belief of general difficulty. The expressed beliefs
of a lack of fit for the age group are understood primarily in the sense that the children do
not have the cognitive maturity to understand the complex topics of the content, which can
lead to difficulties in learning during lessons. In both cases of these beliefs of perceived
difficulty, it is important that the teacher training shows its students what these teaching
topics mean in kindergarten and primary school and how they can be dealt with in the
classroom so that learning can take place. For example, getting to know the curriculum
and the differentiated competence expectations it contains for the different age groups will
certainly help them to better grasp the subject matter [1,10,11].

A further possible attribution of Cognitive Beliefs according to this theoretical frame-
work [30], namely convictions about gender-specific differences in people’s abilities, was
not found in this study, but this result can be evaluated as positive. This means that there
were no gender-stereotypical ideas among the trainee teachers that would have an influence
on their teaching preferences. This result contradicts the findings of other studies that have
found gender-specific beliefs in teachers, such as the belief that science topics are more
suitable for boys than for girls [30].

The second dimension of the theoretical category assignment we investigated was
Affective Access. In the original theory framework [30], Affective States was mentioned as
another attitude dimension. The term Affective States is considered to refer to the feelings
and moods that a person experiences in relation to the object of the attitude, strictly speak-
ing, in teaching certain content. Since the participants surveyed were first-year students
and not working teachers or those with professional experience, the concept had to be
adapted somewhat in the theoretical classification of trainee teachers” arguments. The term
Affective Access seemed to be appropriate and accurate for the theoretical classification
of certain inductively formed categories in this study that implicated emotional valences.
Both positive and negative emotions, such as curiosity or fear, can be read from the trainee
teachers’ arguments. In this context, we can recall that emotions always influence the
readiness to act. In the case of positive emotions, they lead towards an object, and in the
case of negative emotions, they lead to distancing from the object [44]. With the category of
interest (and disinterest), however, we found a concept that is broader than just a feeling
or an emotion as it involves cognitive aspects as well. Therefore, personal interests and
disinterests describe more fully the (missing) affective access for teaching a certain topic
in teachers as individuals, not the emotions arising during teaching as was defined with
affective states. Nevertheless, the term interest generally implicates feelings of stimulation
and joy; it is the feeling of engagement. Thus, in the case of teaching certain topics, an
interest-orientated action is always associated with positive emotional valences. It also
contains a sense of self-determination, i.e., teachers feel free from external constraints
because they have the feeling that they can do what they want to do. The cognitive repre-
sentations of the object of interest, including the knowledge of possible courses of action in
this subject area, are emotionally positive. It is important to note that the emotional tone
relates not only to the past but also to future confrontations with objects, i.e., people expect
an interest-oriented activity to evoke pleasant experiential qualities [45]. This implies that
the (development of) interest in particular teaching content or methods can foster a deeper
level of engagement in the teaching practice of future teachers. Osborne and colleagues [46]
mentioned, for example, that a crucial characteristic of a good science teacher is being
interested and enthusiastic about science.

The third dimension of the theoretical category assignment we inspected was Per-
ceived Control. According to the theoretical framework [30], perceived control derives
from beliefs of self-efficacy [47] and perceived dependence on contextual factors, leading to
the teacher’s impression of being able to control the teaching situation. This concept reflects
the subjective beliefs and feelings of the individual about internal and external obstacles.
In this study, this dimension could be identified in statements of personal inability and
ability, as well as of subjective convictions that lessons can or cannot be conducted due to
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external reasons such as (missing) possibilities for illustration and action-oriented lesson
organization. These trainee teachers’ arguments expressed a basic need for motivational
behavior control, namely the need to experience competence, as Deci and Ryan [16] defined
it, i.e., to experience oneself as capable of acting and coping with foreseeable challenges.
As trainee teachers’ assessments relate to future actions, they imply confidence in one’s
own ability to learn and develop in order to be able to cope with such teaching situations
later on [45]. In this context, the students seemed to assess their prerequisites differently
in the various teaching topics. In some subject areas, they do not trust themselves due to
a lack of knowledge in the subject area [48] or a lack of child-appropriate teaching ideas.
There seems to be a perception that if illustrative and action-oriented teaching ideas are
known, teaching can be mastered, as it is probably assumed that children can then be
brought up to their performance level and motivated in their learning and that the lessons
will then run smoothly. However, pedagogical content knowledge contains more than just
an understanding of appropriate learning tasks for certain teaching topics and effective
methods for implementing them. For example, it also includes knowledge about typical
ideas of children regarding teaching topics and explanatory knowledge, which is distinct
from another area of professional knowledge, namely content knowledge, which is defined
as a deep understanding of the subject content [41]. Teacher education needs to foster
students” growth in all these areas, nurturing their aspiration to teach.

The pie charts in Figure 8 show how large the proportion of these three attitude
dimensions is when trainee teachers name reasons for liking or disliking a teaching topic in
the Nature-Human-Society subject.

ARGUMENTS FOR LIKING ARGUMENTS FOR DISLIKING
= Cognitive Beliefs = Cognitive Beliefs
= Atfective Access = Affective Access
Perceived Control Perceived Control

Figure 8. Comparison of argumentation patterns for liking or disliking a teaching topic ac-
cording to the theory-based attitude dimensions (N = 1278 for liking arguments, N = 788 for
disliking arguments).

It is noticeable that the reasons given for the popularity of a topic were predominantly
cognitive beliefs (64.8%), followed by a clearly smaller proportion of perceived-control
arguments (18.5%), and finally an even smaller proportion of affective-access arguments
(16.7%). In contrast, perceived-control arguments (44.5%) dominate the arguments for
the unpopularity of teaching topics, followed by a considerable proportion of affective-
access arguments (33.5%), while cognitive-beliefs arguments (22.0%) account for only a
small proportion.

It is interesting to note that the missing perceived control to teach was dominant in the
unpopular topics, although the same argument in a positive sense (perceived control), was
not as prominent in the popular ones. Rather, individual convictions about the importance
of the subject matter seem to play a role here, which leads teachers to enjoy teaching these
subjects. This also reflects the trainee teachers’ focus on the child, as it is important to
them to have a positive influence on children’s development. However, it must also be
noted that their understanding of the topics being taught is still limited or naive, as it is
often assumed that teaching these topics would automatically lead to children developing
a positive, social, environmentally friendly, and sustainable attitude towards them [27].
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Finally, the research question “Are there arguments for liking and, respectively, dislik-
ing teaching topics that are more pronounced in some teaching topics of Nature-Human-
Society than others?” can be answered in the affirmative, although a similar pattern of
argumentation could also be found for some teaching topics. Therefore, it is necessary
to look at the content of the teaching topics to see which arguments should be weak-
ened or strengthened so that the disliked teaching topics are more acceptable among all
trainee teachers.

It should be noted that these assessments always refer to subjective cognitive repre-
sentations of teaching topics. As these are first-year students, these perceptions were often
based on experiences from their own school days or prejudices; after all, their views must
first be developed through the practical implementation of teaching such topics. In this
respect, these attitudes towards teaching topics cannot yet be regarded as firmly established
but as transformable [49], which results in hope and makes the value of teacher training all
the more clear. Further studies in the future could examine the attitudes of student teachers
at the end of their studies or in their professional lives, whether their likes and dislikes of
NMG teaching topics and their responses to the questionnaire are still the same, or whether
they have changed.

5. Conclusions

The aim of this study was to show which arguments need to be addressed during the
course of study in order to inspire trainee teachers to teach all topics of this multidisciplinary
subject. In contrast to other studies and for the first time, the reasons for the popularity and
unpopularity of teaching topics were acquired inductively from trainee teachers’ points
of view. This study provides complementary evidence to support and complete previous
conclusions based on quantitative data [22-26]. Therefore, the findings of this study make
a significant contribution to higher education and can ultimately have an influence on
subsequent teaching practices in the Nature-Human-Society subject.

Since it is well known that those topics in subjects that teachers do not like or do
not feel confident in teaching are underrepresented in teaching practices [4,38—-40], it is
all the more important that teacher trainees at universities are aware of the reasons for
these likes and dislikes. In teacher training, they can give trainee teachers a clearer idea
of these particular teaching topics in kindergarten and primary school, demonstrating to
them that all topics are relevant for living in the world and suitable for illustrative teaching
with children. Lastly, this knowledge can give teachers the necessary tools they need to
have control over teaching these topics. In this context, it is important to remember what
Van-Aalderen and colleagues [6] stated about an evaluation of various teacher training
programs aimed at improving teachers’ negative attitudes towards science: an approach
with “hands-on science activities, inquiry-based teaching methods, cooperative learning
(...) seems more effective in changing attitude towards science than a content knowledge
approach” (p. 711). Therefore, it seems crucial that the course resonates emotionally with
the (trainee) teachers and stimulates their interest in the particular situation. As Bulunuz [5]
observed, “Experiencing fun, playful, interesting activities in a positive and supportive
social environment were important variables for developing preservice science teacher’s
attitudes toward teaching science” (p. 80). Thus, if we are successful in creating positive
and empowering experiences during teacher training, especially in fields that have been
previously rejected, we can strengthen their enthusiasm and engagement for teaching those
topics in later classroom practice [4,5,26].

In conclusion, the best way to change attitudes is to consider the dimension of their
origin. This means that affective-based attitudes are best changed by addressing emotional
components, cognitive-based attitudes through strong arguments, and perceived capability
through mastering experiences [50,51]. This study has shown where changes have to be
made for each topic of the Nature-Human-Society subject. The task in the future is to apply
these findings and to form a positive professional attitude among the prospective teachers.
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Abstract: This scoping review examined the impact of nature-based outdoor learning environments
on the formation of STEAM (science, technology, engineering, arts, and mathematics) concepts in
preschoolers. Preschool age (3-5 years) is the time when physical interaction with surrounding built
environments increases, and spontaneous learning from the environment intensifies—making it an
ideal age range to promote nature-based informal learning. An outdoor learning environment can
influence STEAM concept formations of preschoolers with an intentional design that offers STEAM
learning affordances. Despite the rising interest in early STEAM education, there is still limited
literature on how the outdoor environment may influence STEAM learning behaviors of preschoolers
(3-5 years old). This scoping review intended to evaluate the existing knowledge regarding the
physical factors contributing to STEAM learning affordances in an outdoor environment for children
aged three to five. The review included studies from the last twenty years. This scoping review was
conducted following the criteria outlined in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR). For this scoping review, 843 citations
were discovered across four databases (JSTOR, Scopus, EBSCOhost, and Web of Science), ProQuest,
and Google Scholar, and 31 articles were considered eligible for inclusion. The paper synthesized
those 31 studies to identify the key STEAM learning behaviors of children and STEAM-activity-
supportive settings that may positively influence preschoolers’ STEAM concept development.

Keywords: preschooler; STEAM concept; landscape elements; informal learning; affordances

1. Introduction

Understanding the impact of nature-based outdoor learning environments on the
formation of STEAM (science, technology, engineering, arts, and mathematics) concepts in
preschoolers is essential for many reasons. Early childhood is a critical period for cognitive
and social development, and experiences during this time can shape future learning
and interest in STEAM disciplines. Nature-based environments, as a source of diverse
opportunities for experiential learning, can promote children’s curiosity, problem-solving,
and creativity through direct interaction with natural elements [1]. There are endless
possibilities for reimagining childcare ‘playgrounds’ as nature-based outdoor informal
STEM learning environments in 188,000 licensed and family childcare facilities in the U.S.,
where more than 13 million [2] children aged zero to five spend the majority of their
waking hours every day. Nature, being a constant source of varied environmental learning
opportunities, has gained a wide range of attention in early childhood education, but
there are no established guidelines on measuring and enhancing ‘nature’ in early outdoor
environments with low-cost interventions or curriculum guidance/courses/ certificates to
promote nature-based informal early STEAM learning. STEAM is linked with developing
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early interests in science, technology, engineering, and math, which can lead to future
interests and address the growing concern that the U.S. is falling behind in STEAM (ranked
13th in mathematics and 31st in science [3] test scores internationally and with more than
1 million STEM jobs unfilled). A scoping review of the current empirical research on
the impact of nature-based learning environments on early STEAM concept formation in
preschoolers may guide preliminary understanding and insights regarding this critical
aspect of early childhood education tied to national interests.

The Experiential Learning Theory (ELT), as explained by Armstrong and Fukami [4],
emphasizes the importance of direct experiences in early childhood learning. This theory
views learning as a dynamic process that integrates children’s ideas, their ability to ex-
periment and refine concepts, and the construction of new knowledge. It highlights the
continuous interaction and adaptation between children and their environments where
thoughts, feelings, experiences, culture, physical sensations, emotions, inquiry, and reflec-
tion are constantly in flux, influencing and reshaping everyday learning [5]. Furthermore,
other researchers [6] support that firsthand experiences with nature allow children to
observe the complex interdependencies within ecosystems. Such direct, hands-on experi-
ences are more impactful than simulated ones, as they allow children to fully engage with
their senses and interact directly with the natural world. In children’s direct interaction
with their surroundings, items like play equipment, [7] trees, plants, various landscape
features, and water can impact their behavior. Also, the topography and the paths that
link these elements to the children’s homes emphasize the importance of these small-scale
environmental aspects in a child’s interaction with their environment [8].

Measuring the quality of the cognitive development of young children is more difficult
than older ones because young children experience vast variations in the different personal,
developmental, and environmental factors affecting their behaviors [9]. The educational
quality is determined not only by the educators (who) and the curriculum (what) but also
by the physical setting (where) of the educational service. This environmental aspect of
learning is now acknowledged as a key factor in delivering high-quality early childhood
education and care [10,11]. The importance of the physical environment in early childhood
education was first emphasized by Loris Malaguzzi, the founder of the Reggio Emilia
approach, who described it as the “third teacher”. He suggested that, in addition to family
and educators, the design and organization of educational spaces are crucial in shaping
early childhood developmental trajectories [12]. In this paper, we emphasized environ-
mental “affordances” as a key concept in understanding STEAM learning environments.
While constraints refer to what may be lacking in a child’s environment, affordances re-
fer to the possibilities that the environment offers or affords to children/learners in the
shape of learning opportunities. It does not mean what the child is learning or doing, but
only whether the possibility exists [13]. An environment with an abundance of diverse
affordances for exploration and discovery is essential for maximizing children’s learning
capacity, behaviors, and attitudes [14]. Research indicates that outdoor environments
significantly enhance children’s symbolic play more than indoor environments due to their
natural materials, open-endedness, and spaciousness. The complexity and richness of
natural environments offer a level of stimulation that cannot be replicated indoors [15].
Although outdoor play was relatively less researched in the latter decades of the twentieth
century, many studies [16] emphasized the critical role of outdoor play spaces and provided
insights into spatial organization, showing how spatial design can be a powerful tool in
education and enhance the overall quality of children’s daily experiences.

According to the author of the book Spaces for Children [14], children typically interact
with their physical surroundings in a straightforward and observable manner. For infants,
who find joy in exploring and moving, and preschoolers, who are focused on mastering
muscle skills, their immediate environment serves as the primary source of learning
motivation. However, the impact of the physical context, particularly the built environment,
has often been overlooked. Recent studies aim to challenge this perspective, arguing that
while the built environment may not be a primary factor in child development, it can
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significantly affect the developmental process, especially for young children who have
little control over their surroundings and may be more engaged with the physical than the
social environment [14]. Before formal education shapes their learning, young children
naturally seek to understand the world through observation, investigation, and social
interaction, particularly in informal environments like childcare playgrounds, museums,
and parks. While this self-driven learning is valuable, it is not sufficient on its own.
Structured educational settings (physical environment) and deliberate teaching are crucial
in children’s learning. To effectively shape these environments, it is important to integrate
an understanding of children’s learning processes with clear objectives and content for
science education [17]. Children’s initial understanding develops from limited experiences,
necessitating exposure to formal and informal learning environments. While traditional
educational tools like demonstrations and textbooks are valuable, they cannot replace
the hands-on experiences crucial for deep learning. Without these, children might grasp
facts and excel in tests but will be at risk of viewing science as a rigid, disconnected set
of instructions, undermining their confidence in experimentation, and fostering a belief
that science is an elusive realm, understood only through external authority rather than
personal exploration and understanding [17].

Young children actively engage with their environment to develop a fundamental
understanding of the phenomena they are observing and experiencing [18]. Children form
their own theories to make sense of everyday experiences, which assists them in embracing
a more scientific perspective of their world. Cognitive research reveals that children’s
explorations are rooted in tangible contexts, utilizing their senses to observe, investigate,
and draw conclusions from the world around them. This natural curiosity leads them to
constantly ask questions and seek understanding, not in an idealized or laboratory setting
but within the complexities of their everyday lives [17]. The saying “I hear, and I forget. I
see, and I remember. I do, and I understand” suggests that children learn most effectively
through hands-on experiences. This approach aligns with children’s natural curiosity and
capacity for self-discovery, marking their initial engagement with science [19]. Engaging
in scientific activities helps young children appreciate and understand their environment
and develop key scientific skills. These skills include curiosity, questioning, investigation,
discussion, reflection, and forming ideas and theories [19,20]. STEM (science, technology,
engineering, and mathematics) opportunities in early childhood take learning to the next
level by adding affordances related to math, engineering, and technology. Every child
deserves STEM learning environments that are wondrous, stimulating, and innovative, and
that value their astonishments, curiosities, questions, and observations [21]. Exploring the
natural world is a core element of childhood, making science/STEM a natural fit in early
education. The increasing awareness of children’s early cognitive abilities and eagerness to
understand the natural world makes a compelling case for early childhood environments
that offer rich and challenging opportunities for STEM learning. As Worth [22] noted,
children’s inquiry into natural phenomena lays the groundwork for science learning and
appreciation of nature and serves as a valuable context for developing learning approaches,
practicing basic literacy and math skills, and learning collaboration [23].

How can we provide children with the best possible learning environment during
their preschool years? To answer this question, recent research in early childhood science
education and outdoor learning environments has attracted renewed attention to improving
outdoor environment quality through design. However, very few studies have discussed
how the nature-based outdoor learning landscape influences the STEM concept formation
of children and which physical factors of an outdoor landscape impact childhood learning.
This scoping review focuses on STEAM, which integrates the ‘arts” with STEM, expanding
the acronym to include the “A”. By including disciplines such as arts, music, literature,
and dance, this inclusion expands to a comprehensive early learning philosophy that
not only boosts children’s technical proficiency but also cultivates their creative aptitude.
According to a plethora of research, how children informally learn, especially through
play, is influenced by nature, architecture, and policies that govern how school grounds
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are used [20]. Physical factors of a natural outdoor learning landscape can prompt early
childhood STEAM learning.

The domains of this scoping review encompass “affordances of outdoor learning
environment for early childhood” and “outdoor learning landscape design elements” in
relation to “STEAM/STEM/Science learning activities and behaviors of children”(Figure 1).
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Figure 1. Study domains of reviewed resources.

A significant characteristic of outdoor play and learning is the relative independence of
the child to explore and experiment. Compared to indoor formal learning and even indoor
play, there are typically fewer restrictions and more freedom in outdoor times—and hence,
greater opportunities for children to explore, experiment, solve problems of interest, and
venture into activities that they enjoy when adults are not overseeing (messy, risk-taking,
etc.). So, there is an interesting negotiation between the benefits of playing freely outdoors,
which leads to discoveries, and the role of adults in curating children’s STEAM concept
formation. This scoping review is an approach to setting a bridge between these domains.

2. Research Method

This scoping review was conducted in accordance with the criteria outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scop-
ing Reviews (PRISMA-ScR), using Arksey and O'Malley’s (2005) methodological frame-
work [24], as seen in Figure 2. The methodology encompassed the subsequent stages:
(1) identification of research questions, (2) identification of relevant studies, (3) selection of
relevant studies, (4) data charting, and (5) collating, summarizing, and reporting the results.

Identifying Identifying Collate,

Research Relevant il Chart Data Summarize
. ! Selection ,

Questions Studies Report Data

Figure 2. Methodological framework (Arksey and O’Malley, 2005) [24].

2.1. Identification of the Research Questions

Due to its intricate characteristics, the concept of nature-based STEAM education for
preschoolers has not yet been extensively investigated. Therefore, the research question
that guided the investigation in this scoping review was: what empirical knowledge is
available from the existing literature regarding the impact of nature-based outdoor learning
landscape on preschoolers” STEAM learning? The foundational research questions derived
from the research objectives established within the PCC (population, concept, and context)
framework [25] are presented in Table 1.
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Table 1. Research questions based on PCC (population/concept/context).

Research Question Specific Objective

Based on the discussion of the existing literature, which Exploring different types of STEAM-related behaviors exhibited

types of interaction with natural elements and materials (CX by children while interacting with the outdoor environment,
M *) in outdoor environments enhance STEAM learnin d h tioni loring, buildi i

g an such as questioning, exploring, building, or using
curiosity (CP *) among preschoolers (P *)? STEAM-related language.
Documenting the specific areas within the natural outdoor

From the existing research, which characteristics of a environment where STEAM learning behaviors occur and the
%) nature-based outdoor learning landscape (CX) were context of these interactions. Also, the frequency of children’s

identified that support STEAM learning opportunities (CP)  engagement with different landscape elements in the natural

for preschoolers(P)? outdoor environment (e.g., plants, water, and wildlife) could

lead to STEAM learning opportunities.

®)

In the existing literature, what were teachers’/caregivers’ (P)

perceptions regarding the benefits and challenges of Gathering insights from educators on the perceived affordances
integrating (CP) nature-based outdoor STEAM learning into  of the natural outdoor environment for informal STEAM

the preschool (P) curriculum across diverse environmental  learning and on children’s STEAM learning behaviors.

settings (CX)?

* CX = context, CP = concept, and P = population.

2.2. Identification of Relevant Studies

Database Search. Three sets of search terms were used in four selected databases:
JSTOR, Scopus, EBSCOhost, and Web of Science. The title of this research was used to
search for relevant studies on ProQuest Central. The search terms were carefully crafted
by looking at the titles, abstracts, and keywords of papers already selected as relevant.
The Boolean operator “OR” was used to segregate the search phrases inside each set, and
the operator “AND” was used to join the different sets. The search terms are shown in
Table 2 below.

Table 2. Search keywords.

Search terms:

iip leltlmll:r Early child * OR preschool * OR kid OR kindergarten OR
eschooters pre-K OR 3-5 years OR young child *
Search terms:
Concept: STEM OR STEAM OR Science OR Education OR Learn *
STEAM/STEM/Science Learning OR Science OR Technology OR Engineering OR Art *
OR Math *
Context: Search terms:
Nature-based Outdoor Learning Outdoor OR Natur * OR Landscape OR Playscap * OR
Landscape Childcare OR Daycare OR Playground OR Playspac *

Note: the asterisk “*” is a truncation symbol that directs the search engine to find all forms of a given word.

Grey Literature Search. Recent advancements in preschool science and mathemat-
ics education have attracted renewed interest from researchers who are invested in pre-
kindergarten education. Consequently, numerous independent research groups and educa-
tional institutions are engaged in outdoor STEAM learning and teaching activities and dis-
seminate their findings. Incorporating non-commercially published material, also known as
“grey literature”, in evidence reviews reduces publication bias and offers a more comprehen-
sive and unbiased representation of the evidence [26]. This scoping review applied three ap-
proaches to locate grey literature that is relevant to this review: (1) a Google Scholar search
using the title of this research to identify relevant studies; (2) searching known databases
(e.g., www.childrenandnature.org (accessed on 23 May 2024), www.childhoodbynature.com
(accessed on 23 May 2024), www.greenschoolyards.org (accessed on 23 May 2024), and
www.texaschildreninnature.org (accessed on 23 May 2024)); and (3) searching websites
explicitly focused on outdoor learning initiatives (e.g., Natural Learning Initiative website:
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www.naturalearning.org (accessed on 23 May 2024)), and early childhood learning (e.g.,
“Science Preschool: ECLKC-Head Start”—https:/ /eclkc.ohs.acf.hhs.gov/school-readiness/
article/science-preschool (accessed on 23 May 2024)). The inclusion process prioritized
peer-reviewed papers over grey literature if both sources provided identical information.

2.3. Study Selection

The search looked for journal articles published between 2004 and 2023 (20 years).
Over the past 20 years, scientific research on nature-based early childhood education has
shifted from perception-based to evidence-based. Initially driven by anecdotal observations
and beliefs about the benefits of outdoor play, recent studies have provided robust empir-
ical support for these practices. Research now highlights measurable improvements in
cognitive development, emotional regulation, and physical health among children engaged
in nature-based education. Advanced methodologies, such as longitudinal studies and ran-
domized controlled trials, have validated these findings, leading to broader acceptance and
integration of nature-based approaches in early childhood curricula. This transformation
underscores the importance of empirical evidence in shaping educational practices and
policies. Although it is practically impossible to pinpoint a particular year as the starting
point of this paradigm shift, we believe the past 20 years is a significant timeframe to
capture the critical resources for addressing the scope of this paper. Study inclusion criteria
are provided in Table 3. Each title and abstract were read to screen the 843 citation records,
based on the following inclusion and exclusion criteria, to decide to finalize related studies:

Table 3. Inclusion and exclusion criteria.

Inclusion Criterion Exclusion Criterion
1 Articles published from 2004 Full text not attained
to 2023
2. English language Not related to learning/education
3. Focus on preschoolers/ Study with toddlers/school-going children

3 to 5 years old

Focus on outdoor
4, STEAM/STEM/ STEAM/STEM/science learning inside the classroom
science Learning

Studies about outdoor play and health/physical
activity /restoration/social interaction/
differently able children.

Focus on outdoor play and
learning environment

2.4. Charting of Data

The final Microsoft Excel-based data charting form was developed to extract the fol-
lowing study attributes: Data Source, Reference Type, Publication Outlet, Study Topic,
Publication Year, Research Type, Data Collection Methods, Study Location/Region, Fa-
cilitator, Children Age Range, Landscape Elements, STEM/STEAM/Science Learning
Behavior, and STEAM-activity-supportive setting. Table 4 below represents the initial
coding categories.

Table 4. Selected initial coding categories.

Code Description of the Code Example

Source of the selected reviewed JSTOR, Scopus, EBSCOhost,

Data Source Journal Articles/Books/Book ProQuest Central, etc.
Chapters
Reference Type Type of review material recorded Journal Articles/Books/

Book Chapters
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Table 4. Cont.

Code Description of the Code Example
L Journal/Book in which the study Redleaf Press/
Publication Outlet was published Science and Children
. The focus areas discussed in each Nature-based
Study Topic

selected record

Outdoor/STEAM Learning

Publication Year

The year in which the study was

2017,2015

published
Research Type Type of research conducted based on Qualitative Research,
M method and data Case-Study Research
Data Collection Methods Type of methods used for cgllectmg Behavior Mappmg,
data from the study site Interview
Study L(?catlon/ Name of the country where the USA/Australia
Region study was conducted
Participant/ Description of who participated or .
Beneficiary of the Study benefited from the study Teacher/Children
Children Age Range Description of the age of the children 3-5 years

Landscape Elements

Available landscape elements
present during research

Trails, Garden, Wooden deck

STEM/STEAM/ Behavior of children, identified Art
Science Learning during outdoor play, which is Building
Behavior relevant to STEAM learning Exploring
STEAM Activity- Outdoor settings that support and
Supportive Setting. enhance STEAM-related activity Sand Play Area, Garden

3. Reporting the Results

After searching, a total of 843 (n = 843) resources (JSTOR: 286, Scopus: 197, EBSCOhost:
235, Web of Science: 96, and ProQuest Central and Google Scholar: 29) were identified.
The total number of books and articles resulted in 814 from all databases except ProQuest
Central and Google Scholar. A total of 198 records were screened by reading the heading
and abstract, and after a relevancy check, 87 journal articles were excluded. The majority
were excluded due to the focus on early childhood STEAM education within classroom
environments; they were not nature-based outdoor environments and they were not
preschoolers (3- to 5-year-old children). An additional 29 records were obtained through
a combination of manual reference list searching, ProQuest Central, and Google Scholar
searches for grey literature using the research’s initial title. After a full body review of all
140 papers, 109 were removed according to eligibility criteria, and 31 were finally included
in the scoping review. Figure 3 below represents the (PRISMA 2020) flow diagram showing
literature and study selections.

The final scoping review included 19 journal articles, eight book chapters, and four
books. Most of the study was focused on STEAM learning and nature-based outdoor envi-
ronments. Few discussed the affordances of the outdoor learning environment. Although
outdoor play and learning are common in all studies, play-focused studies were limited in
this review (Figure 4).
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Identification of studies

Identification of Studies via Databases and Registers )
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i Databases: 814 ProQuest Central and Google
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= Web of Science: 96) Duplicate records
- / removed before the
screening: 69.
) Vs N / \
Records cleaned for 547 Recorded articles were excluded, with reasons:
o0 screening: 745.
E _ J _ Not related to outdoor learning/education.
9 l _Study with toddlers/school-going children.
c%‘ ( ) _STEAM]/ Science learning inside the classroom.
Records screened by _Articles focused on disability/physical
title and abstract: 198 - o ; ;
L J U ) k activity/digital learning/dietary. j
N
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s after a relevancy check
— y,
[ Relevant records: 111 ]
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~——
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E 31 studies included in
this scoping review
Figure 3. PRISMA 2020 flow diagram showing literature and study selection.
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3
<@ Play 8
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Figure 4. Study topic of reviewed studies.

3.1. Study Characteristics of the Reviewed Studies

Although search criteria show the timespan from 2004 to 2023, relevant documents
included in the records were published from 2006. A growth trend is evident in the graph
starting from 2016, whereas the quantity of published documents has multiplied from the
preceding twelve years. Among the published papers after 2004, ten papers (32%) were
published between 2006 and 2015 (10 years), ten papers (32%) were published in the time
span of 2016 to 2019 (4 years), where eleven papers (36%) published in the most recent
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four years of 2020-2023, which is quite consistent. The time distribution indicates that the
convergence of early childhood science/STEM/STEAM education and outdoor learning
has only recently occurred, and there is a surge in attention toward this intersection of
those two fields. (Figure 5 represents the study characteristics summary.)

2020-2023 11...e-

2016-2019

YEAR

2012-2015 |4

2008-2011 .

PUBLICATION

2004-2007 |

Qualitative Content Analysis 1
Qualitative 13

Grounded Theory Approach 1

Exploratory Sequential Design 1

Ethnographic Study 4

RESEARCH TYPE

Case Study 2

Semi-structured Interviews 4
Science Walk and Talk 2
Research Notes 3
Observation: Behavior Mapping 3
Observation: Audio/Video Recording 14

Informal Discussions 2

DATA COLLECTION
METHOD

Assessment 2

Figure 5. Study characteristics of the reviewed studies.

The qualitative approach was the most common type of research method for the
selected papers (13 studies). Campbell and Speldewinde [7,27-29] conducted their four
studies using a comparable methodology. These authors participated in ethnographies for
one to five years of recurrent visits to Bush Kinder (preschool outdoor learning programs
in Australia). Following the diverse array of data collection methods typically employed
by ethnographies, they also utilized field notes, semi-structured interviews, and image
recording. Miller, A. R. and Saenz, L. P. [30] published one of the three mixed-method
research studies using exploratory sequential design, and Kiewra, C. and Veselack, E. [31]
published case study research using observational data and teachers’ nature notes as data
collection methods.

In terms of geographical distribution, as presented in Figure 6, the reviewed studies
were conducted in Italy: 1, Germany: 1, New Zealand: 1, Norway: 1, Sweden: 1, Australia:
5, and USA: 12. In addition to these, another 10 studies, comprising books and book
chapters, examined the topic of STEAM and outdoor learning environment in a broad
manner that is relevant to children worldwide. These additional studies included in this
scoping review were mainly carried out in the United States and Australia. In general, all
of the studies were conducted in developed countries.
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Figure 6. Study location/region.

3.2. Program Characteristics of the Reviewed Studies

Considering exclusively the reviewed articles that focus on preschoolers (3-5), this
review also included a few studies with the age group of Infant/Toddler (0-2) and Pri-
mary/Elementary (4-11). Whenever research encompassed “children” as a general term,
they were counted as Early Childhood (EC). A total of 28 studies of this review group
included information about the participant or beneficiary of the study. Although different
groups of people participated and benefited from the studies, children were the major
participants in overall studies. The largest proportion of studies (18 studies, 64%) were
children-led. Eight studies (29%) present both children and teachers as the facilitators,
while only one study addressed other related groups, such as administrators and parents.
Table 5 and Figure 7 illustrate the publication and program characteristics of the reviewed
studies, respectively.

~
E E Teacher 1
<3
% H Children, Teacher, Administrator, and Parents 1

[
S|
& Z Children and Teacher 8
< H
p, M

Children 18
= 3 3
£,
o) 3 15
2
O R = 4
O
< @ = 2
5 7

Figure 7. Program characteristics of the reviewed studies. * (Infant/Toddler (0-2) = IT | Pre-School
(3-5) = PS| Primary/Elementary (4-11) = PE | Early Childhood = EC).
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Table 5. Publication characteristics of the reviewed studies.

No. Year Authors Study Title Publication Outlet Type Data ID
Source
. Bush kinders: developing early years  International Journal of
1 2023 Speldewinde, C, and learners’ technology and engineering  Technology and Design JA WOS [7]
Campbell, C. - .
understandings Education
. . . L, Journal of Adventure
Speldewinde, C., Bush kinders: enabling girls” STEM .
2 2023 and Campbell, C. identities in early childhood Educu’t ion and Qutdoor JA WOs [27]
Learning
3 2022 Campbell., C.and Bush Kinders in Australia: A Cr.eatlve (.fhzlz?ren‘ s creative BC cs [28]
Speldewinde, C. Place for Outdoor STEM Learning inquiry in STEM
Young Children’s Free Play in Nature: IE)Z;chlenS;EthAi Earl
4 2022 Weiser, L. E. An Essential Foundation for STEM . Y BC SCP [32]
Learning in German Years: International
& y Policies and Practices
Play and STEM
Worch, E., Odell, M., Engaging Children in Science Education in the Early
5 2022 and Magdich, M. Learning Through Outdoor Play Years: International BC scp [33]
Policies and Practices
Creating a
.. Creating a Reggio-inspired STEM Reggio-inspired STEM
6 2021 Bartolini, V. C. Environment for Young Children Environment for Young BK EH [21]
Children
Young children’s questions about
science topics when situated in a .
7 2021 Skalstad, I. and natural outdoor environment: a Ini{ernatzonal J qurnal of JA EH [34]
Munkebye, E. - . Science Education
qualitative study from kindergarten
and primary school
Exploring relationships between
Miller, A. R. and playspaces, pedagogy, and Journal of Childhood,
8 2021 Saenz, L. P. preschoolers’ play-based science and  Education & Society JA SCP [30]
engineering practices
International Journal of
Campbell, C. and Affordances for Science learning in Innovation in Science
? 2020 Speldewinde, C. “Bush kinders” and Mathematics JA scp [29]
Education
Emerging biology in the early years: Egz?g;ZfrsB_u;lIZ% lZutZe
10 2020 Tunnicliffe, S. D. How young children learn about the Yy ) young BK PQ [35]
.. children learn about the
living world livi
iving world
Krogh. S. L. and The Early Childhood Curriculum: Z:frff;% ;jfl;ih(:;d
11 2020 & - L Inquiry Learning Through L Ty BK PQ  [36]
Morehouse, P. . learning through
Integration . .
integration
Nature-based education: using
Lee, C. K. and Ensel  nature trails as a tool to promote . .y
12 2019 Bailie, P. inquiry-based science and math Science Activities JA EH [37]
learning in young children
Young Children’s Contributions to
Ernst, ]. and Sustainability: The Influence of
13 2019 e Nature Play on Curiosity, Executive  Sustainability JA WOSs [38]

Burcak, F.

Function Skills, Creative Thinking,
and Resilience
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Table 5. Cont.

No. Year Authors Study Title Publication Outlet Type Data ID
Source
Earle, S. and Outdoor learning in science and Teaching science and
14 2019 o technology in the early BC GS [39]
Coakley, R. technology
years (3-7)
STEM in Early
Childhood Education:
15 2019 Worth, K. Sc1e'nce in early learning How Science, o BC cs 23]
environments Technology, Engineering,
and Mathematics
Strengthen Learning
STEM in Early
Childhood Education:
16 2019  Wiedel-Lubinski, M. > oM INOUTDOORLEARNING - How Science, BC GS  [40]
Rooted in Nature Technology, Engineering,
and Mathematics
Strengthen Learning
The Early Years . .
17 2019 Ashbrook, P. Teaching the M in STEM Science and Children JA JS [41]
Early Science
Education—Goals and
18 2018 Anders, Y. Goals at the Level of the Children Process-Related Quality BC JS [42]
Criteria for Science
Teaching
Carr, V., Brown, R.  Nature by design: Playscape .
19 2017 D., Schlembach, S.,  affordances support the use of Chzlfiren, Youth and JA JS [43]
. . S Environments
and Kochanowski, L. executive function in preschoolers
Wight, R. A, Kloos, S}?i?d}})}gg?;pejif r(;f)nvszi; arly Environmental
20 2016 H., Maltbie, C. V., . quury . . JA EH [44]
environmentally responsible Education Research
and Carr, V. W. .
behaviors? An exploratory study
The International
. Playing with nature: Supporting Journal of Early
21 2016 Kiewra, C.and preschoolers’ creativity in natural Childhood JA EH [31]
Veselack, E. .
outdoor classrooms. Environmental
Education
Tippins, D.]., Connecting Young Children with the  Research in early
22 2015 Neuharth-Pritchett,  Natural World: Past, Present and childhood science BC GS [45]
S., and Mitchell, D.  Future Landscapes education
Fleer, M., Gomes, ].  Science Learning Affordances in Australasian Journal of
23 2014 and March, S. Preschool Environments Early Childhood JA WOS [46]
Children’s meaning-making of nature
Klaar, S. and in an outdoor-oriented and European Early
24 2014 ay . . Childhood Education JA EH [47]
Ohman, J. democratic Swedish preschool
. Research Journal
practice
25 2014 Carr, V. and Playscapes: a pedggoglcal paradigm  International Journal of JA cs [48]
Luken, E. for play and learning Play
Assessing a Children’s Zoo Designed
Worch, E. A. and to Promote Science Learning Children, Youth and
26 2011 Haney, J.J. Behavior through Active Play: How  Environments JA IS [49]
Does It Measure Up?
. Science Beyond the
Lynne and Science Beyond the Classroom .
27 2011 Bianchi, F. Boundaries for 3-7 Year Olds Classroom Boundaries BK GS [50]

for 3—7 Year Olds
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Table 5. Cont.

Year

Authors Study Title Publication Outlet Type

Data
Source

ID

28

2011

Playscapes:
Designs for Play, Exploration and
Science Inquiry

Luken, E., Carr, V.,
and Brown, R. D.

Children, Youth and

. A
Environments J

JS

[51]

29

2010

Hoisington, C.,
Sableski, N., and A walk in the woods Science and Children JA
DeCosta, I.

JS

[52]

30

2010

What's so interesting outside? A
Waters, J. and study of child-initiated interaction
Maynard, T. with teachers in the natural outdoor
environment

European Early
Childhood Education JA
Research Journal

EH

[53]

31

2006

Preschool science environment: What  Early Childhood

Tw T. is available in a preschool classroom?  Education Journal

JA

EH

(19]

Note: types “Journal Article”, “Book”, and “Book Chapter” are abbreviated as JA, BK, BC, respectively; data
sources “Web of Science”, “Google Scholar”, “Scopus”, “EBSCOhost”, “ProQuest”, and “JSTOR” are abbreviated
as WOS, GS, SCP, EH, PQ, and JS, respectively.

4. Discussion

This review aims to identify the physical factors that contribute to STEAM learning
affordances in an outdoor environment for children aged three to five. Also, we wanted to
explore how the addition of the ‘A’ (for arts) in STEAM contributed to preschoolers” outdoor
learning. While this research did not find any studies specifically focused on STEAM
education, which includes the arts, few studies did discuss the relationship between the
arts, play, and learning environments.

Reviewed articles of this scoping review showed a multi-faceted approach, includ-
ing empirical evaluation of landscape elements, pre- and post-intervention assessments
through observational studies, longitudinal studies to observe sustained impacts, and
comparative studies, etc., to explore the influence of outdoor environment on children’s
STEAM/STEM/science learning. Studies also represented educators’ perceptions through
surveys and interviews to understand their role during outdoor STEAM activities. Synthe-
sis of information from those articles generated a list of STEM/STEAM /science learning
behaviors of children and STEAM-activity-supportive settings. Table 6 consolidates the
major outcome categories reported by the reviewed articles, highlighting the primary
areas of focus within the studies. It underscores the key aspects of STEAM learning be-
haviors, activity-supportive settings, and the role of teachers and caregivers, providing a
comprehensive overview of the findings from the reviewed literature.

Table 6. Outcome reported in reviewed papers.

Outcome Major Categories % of the Overall Sample Paper ID

Discussion related to the STEAM learning behavior and
activities of children in an outdoor learning environment

39% [31,33-35,38,41,42,44,47,49,50,52]

Discussion related to the STEAM-activity-supportive
settings and STEAM concept development

42% [23,28,30,32,36,37,39,43,45,46,48,51,53]

Discussion related to the role of teacher and/or
caregiver in nature-based STEAM learning of children

19% [7,19,21,27,29,40]

4.1. STEAM Learning Behaviors and Activities of Children in Outdoor Learning Environments

The reviewed articles provided a comprehensive understanding of the complemen-
tary relationships between preschool STEAM concept formation and the outdoor, natural
learning landscape. According to Earle, S. and Coakley, R. [39], the foundations of science,
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technology, engineering, and math (STEM) are deeply connected to the natural world.
Through outdoor learning that children lead, they naturally engage in key STEM processes
like experimentation, inquiry, observation, problem-solving, and comparison, thereby
enhancing their understanding and knowledge in these areas [23]. Tu (2006) developed
tools to examine science material availability and use them in twenty (n = 20) childcare
centers, finding common materials like vinyl animals and plants but limited engagement
with them [19]. Young children actively engage with their environment to develop a
fundamental understanding of the phenomena they are observing and experiencing [47].
Children form their own theories to make sense of everyday experiences, which assists
them in embracing a more scientific perspective of the world. Cognitive research reveals
that children’s explorations are rooted in tangible contexts, utilizing their senses to observe,
investigate, and draw conclusions from the world around them. This natural curiosity
leads them to constantly ask questions and seek understanding, not in an idealized or
laboratory setting but within the complexities of their everyday lives [17]. Engaging in
scientific activities helps young children to appreciate and understand their environment
and develop critical scientific skills. These skills include curiosity, questioning, exploration,
investigation, discussion, reflection, and the formation of ideas and theories [19].

Reviewing the existing literature, this research identified different science /STEM/
STEAM learning behaviors of children covering specific learning domains that offer
the most impactful experiences for children aged three to five. For future research,
these behavior codes could help to observe, understand, and measure concept forma-
tions in science, technology, engineering, art, and math of young children in outdoor
learning environments.

Table 7 shows that the overall identified behaviors that support STEAM learning were
observing, exploring, describing/prescribing, exploring cause and effect (hypothesizing
and experimenting), asking questions, building, manipulating, sorting, measuring, com-
paring, counting, and balancing objects. Behaviors related to arts that enrich and enhance
STEM to STEAM are making art, music, language and literacy, and learning new signs
and symbols.

Table 7. STEAM (science + technology + engineering + art + mathematics) behavior coding (derived
from the scoping review).

Behavior Coding Brief Description Reviewed Study ID

A child watches closely, hands-off (e.g., focused
Observing visual and/or auditory attention on an object or [19,21,28-34,37-41,43-47,49,52]
another individual).

The play focuses on exploring a play material’s [7,19,21,23,27-33,37—41 43

Exploring physical properties: hands-on/touching/ 47,49 52]
lifting/ dropping, etc. Y
Describing/Prescribing / Children observe, explore, plan to act, and share
Predicting/Concluding their ideas with other children or teachers. [7,19,21,30,37,39,44,47,52]

The child makes a deliberate action and expects a
certain outcome involving gravity, force, weight, [7,19,21,27-34,37,39-41,44-47 ,49]
distance, and height with those materials.

Cause and effect (hypothesizing
and experimenting)

Ask other kids or adults about certain properties

of play material [7,19,21,30,31,34,37,38,44-47,52]

Asking questions

Science + Technology + Engineering

Building blocks, making a teepee with sticks,

making a bridge, laying rocks on the ground, etc. [7,21,23,27-33,38-40,43,44,4647]

Building/Construction

Any type of manipulation of objects like moving,

building, modifying, changing, etc. [23,2944]

Manipulating
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Table 7. Cont.

Behavior Coding Brief Description Reviewed Study ID
Sorting /Classifying Any sort of sorting of materials based on their [7,19,21,27,29,31,32,37-41,43-46]
types, colors, textures, sizes, etc.
® . Any measuring activity includes concepts of . .
£ Measuring small/big, thick/thin, etc. [19,21,27-30,32,37-41,44,45,47,52]
g . . o
é Comparing Comparison Qf two or more objects or S{tuatlons [7,19,21,27-30,32,37—41,43-45,52]
g based on sorting, counting, and measuring.
Counting Any play/ activity that involves counting [21,27.29,30,32,37—41,43-45]
items/objects.
Balancing Any activity to create balance with objects. [21,28,32,41,44]
Art Makmg art—painting, sand art, loose-part art, art [7,19,21,23,28,39,40,47]
with leaves, etc.
:% Music Making music, singing, or making sounds. [21,39]
Language and Literacy, Reading, reciting, learning new words, new [19,21,27,30,32,37,39,40,43-46,52]
Signs/Symbols symbols or signage, etc. e !

4.2. STEAM-Activity-Supportive Settings and STEAM Concept Development

The scoping review expanded our ideas of how natural outdoor environments ac-
commodate diverse STEAM affordances to advance preschoolers” concept development
in science, engineering, math, etc. They can be seen as a living school—dynamic and full
of wonders for young children. It is an effective educational setting for young children,
fostering science learning through exploration and discovery. It encourages critical thinking
and problem-solving as they investigate elements like leaves, puddles, or insects, turn-
ing the outdoors into a practical scientific laboratory for development [37]. The outdoor
environment offers a broader range of experiences than the indoor classroom. With their
ever-changing elements and seasonal variations, outdoor learning environments offer a
less predictable setting than a traditional classroom, fueling curiosity and interest in STEM
concepts [52]. This constantly evolving natural backdrop encourages deeper inquiry and
exploration, with nature readily presenting surprises to those who engage with the out-
doors [40]. In a natural outdoor setting, children can interact with natural elements like
leaves and sticks, engage with tactile experiences such as soil, and foster a connection with
the natural world, fostering a sense of appreciation. Such environments allow children to
enhance their creative abilities and critical thinking skills, which are crucial for scientific
and technological exploration [35]. Observations suggest that naturalistic play settings
can enhance behaviors like creativity, social interaction, and detailed observation, which
are advantageous for early STEM (science, technology, engineering, and mathematics)
education [35].

The scoping review reveals that in an outdoor environment, young children actively
explore and manipulate objects, and also closely examine their characteristics like texture,
size, or material. These properties influence how children use landscape elements during
outdoor time; for instance, they use large, sturdy branches for constructing hut walls and
softer materials for making a spider’s cushion [49]. Analyzing the selected resources, this
review associated the STEAM learning behaviors and activities (identified in Table 7) with
specific outdoor STEAM-activity-supportive settings (Table 8).
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Table 8. STEAM learning behaviors and activities are associated with the outdoor STEAM-activity-
supportive settings.

No. ID STEAM-ACtIVI.ty- STEAM L&.aarmng STEAM Concept Formation
Supportive Setting Behaviors
[23,27,30- Cause/Effect, Construction, Sand engages'chlldren becaus.e It1s easy
Sand Play/ Earth Play/ ] . . to move, manipulate, mold, dig, shift,
1. 33,40,43,44,46— A Manipulative, Observation,
Mud/ Digging - sculpt, and pour. Also, they learn about
48,51] Exploration .. . .
forces, mixing, and material properties.
Cause/Effect, Construction, Children can solve problems while
[7,23,30,32,33,40, . . . L L . L.
2. Water Play Manipulative, Observation, predicting which items will float or sink in
41,43,46-48,51] . ¢ .
Exploration a water-filled container.
3. [30,43,44,46,48,51]  Primary Pathways Exploration Tactile properties of materials.
4, [27,30,43,44,46,48]  Sensory Pathway Observation, Exploration. Tactile p ropertles of matenals; senses: soft,
smooth, slippery, shiny, etc.
Observation, Exploration, Gard.ens prox{lde a workspace for children
[7,19,23,27- . to raise questions about the natural world,
Plants: Trees, Shrubs, Experiments, Natural Art, .
5. 34,40,43-46,48,51— . . . . take hands-on action, and seek answers
Edible Garden Counting, Sorting, Measuring, . .
53] ¢ through observation, exploration, and
Comparing .
data collection.
Sensory exploration outdoors can include
. . touching the bark of a tree or the grass,
Observation, Exploration, . . o
Sensory Garden/ Grass Experiments. Natural Art seeing the birds building nests or leaves
6. [27,31,33,43,46,53] Mazes and Tall Grass pern . i blowing, hearing the sounds carried by
Counting, Sorting, Measuring, . .
Areas Comparin the wind or the honking of a car horn
parng nearby, smelling freshly cut grass, or the
fragrance of flowers.
O, Exploraton, et e e pla et
7. [23,39,40,46] Compost Pile Experiments, Construction, . p P P ,,p !
along with wormes, to help “mix up” the
Teamwork
compost.
. . Varied textures and materials in the creek
Observation, Exploration, bed aid sensory development, observin
8. [29,33,34,37,43] Dry Creek Beds Experiments, Construction, Y p ’ &
the flow and effects of water on the
Teamwork
landscape.
;jii;%ﬂ:;&iﬁon Experiment, Exploration, Making towers and bridges, recognizing
9. [23,29-31,44,51] . Observation, Construction, shapes in buildings, fences, triangles,
(Construction/ . .
. . Teamwork squares, diagonals, rectangles, and circles.
Engineering)
Experiment, Exploration, The properties of items can be
[7,23,27,28,30- Observation, Countin investigated using a magnifying glass to
10.  33,37,40,41,4344, Loose Parts Play . / -Ountng, HE § a maghtiymsg g-as
Sorting, Measuring, examine shells, rocks, feathers, or objects
46,48,51-53] . . .
Comparing discovered in nature.
Using their naturalist intelligence,
[19,23,28,29,33,34, Wildlife/ Bird, Observation, Exploration, Ch}ldren can dlscrnmpate among living
11. 39,4344 53] Butterfly, and Laneuage. Sions things (plants and animals) and develop
e Pollinator Habitat gUAGE, 18 sensitivity to the features of the natural
world (clouds and rock configurations).
Preschoolers can experiment
. . Music, Language, Exploration,  cause-and-effect relationships, such as
12 311 Acoustic Play Settings Observation, Teamwork, Signs  exploring how different materials and
actions produce varied sounds.
Children can manipulate different
13 [23,30,31,48,51] Art Area Art, Language, Exploration, materials—paints, clay, papers, and

Observation, Teamwork, Signs

natural objects—and learn about textures,
colors, shapes, and spatial relationships.
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Table 8. Cont.

No. ID STEAM-ACHVIFY- STEAM L.earnlng STEAM Concept Formation
Supportive Setting Behaviors
Children can create outdoor stories,
identify, match, speak, make symbols, and
Outdoor Reading and Language, Literacy, Reading, write. Naming/identifying birds and
14. [19,23,30] . . . ; . .
Language Play Signs insects including spiders, ladybirds,
beetles, ants, worms, caterpillars,
butterflies, and centipedes.
Sienace: Directional Provide a comprehensive communication
gnage: | ’ system of information that children of all
Informational, . . [
P Language, Literacy, Reading, ages, cultural backgrounds, and abilities
15. [19,31] Identification, . . .
Signs can easily read and understand; signed
Regulatory, and L .
- . description to explain the observed
Inspirational signs.
phenomenon.
High-quality play spaces incorporate
diverse natural elements for children to
Cause/Effect, Construction, play and learn with, such as trees, stumps,
16. [23,30,31] Outdoor Classroom Manipulative, Observation, boulders, tall grass, water, pebbles,
Exploration mounds, and slopes. Learning takes place
outdoors and differs from learning
indoors.
Pretend and ' Ro'le-play props, e.g., tea-sets, dglls, soft
Performance, Signs, Language, animals. Children learn to question,
17. [23,30,49] Performance/ Decks, . . . . .
Observation predict, and experiment with different
Platforms, and Stages
roles and observe outcomes.
Topography and Forces, push-pull, twists, taut, friction,
[23,29,31-33,41,43, . . . .
18. Landforms / Mounds Cause/ Effect, Exploration construction, gravity, speed acceleration,
44,47 48,51,53] .
and Slopes deceleration.
Open, grassy spaces support various
19. [31,39,43,48,51] Multipurpose Lawn Diverse Affordances types of play and exploration
foundational for early science learning.
Understanding friction, running up and
(28,30 down to explore physical properties like
20. ’ Fixed Play Structures Diverse Affordances gravity, etc., using different sizes and
32,43,44,46,47,49] . .
loads, and rolling down (gravity, force,
motion, etc.).
Movetle ey Cruing frough bl v
21.  [19,44,46,48,51,53]  Structures/ Portable Diverse Affordances . &/ & & NOppINg, ¢
Toys and Equipment jumping. Rolling, balancing, throwing,
y catching (gravity, force, motion, etc.).
Light, shadows, weather variations, etc.
Scenic settings rich in natural elements
2. [30,31,43,44,48 51] Natural Healing and Observation, Exploration, like plants, water features, and soft,

Relaxation Area

Experiments, Natural Art

natural textures afford young children to
engage in mindful observation and
exploration.

4.3. The Role of Teacher/Caregiver in Nature-Based STEAM Learning of Children

The primary focus of the scoping review was to identify nature-based affordances in
outdoor learning and associated STEAM behaviors/activities of preschoolers. However,
the review provided valuable insights regarding the critical role of teachers/caregivers.
Teachers play the most important moderator role in this environment-behavior relationship
of nature-based early STEAM concept formation. Loris Malaguzzi, a key figure in the
development of Reggio Emilia’s approach to early childhood education, emphasized the
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importance of children’s active engagement in learning. Malaguzzi believed that learning
is a dynamic process, significantly shaped by children’s experiences, interactions, and the
environment provided to them. His perspective underlines that education is not just about
transmitting knowledge from teacher to student but involves a more complex interplay
where children construct knowledge through their activities, exploration, and the resources
available to them. This review highlights the “environment as a third teacher” concept
introduced by the Reggio Emilia approach in Italy [21]. Nature encompasses everything
around us—the ground, sky, wind, rocks, and rain—including all elements of the ecosystem
and people. It is everywhere in cities, suburbs, and rural areas, making it accessible for
educational purposes. This understanding is crucial for teachers looking to integrate nature
into outdoor learning. Nature is not distant; it is a vital part of every community and
an aspect of daily life. Recognizing and embracing this concept is key for educators to
effectively utilize nature in its various forms within their school environments [42].

Both indoor and outdoor learning require teachers to organize and support children’s
educational journey effectively. Teachers must be aware of the children’s experiences, the
play they create, and what captivates or fails to engage them. It is also important for
educators to interpret the potential significance of children’s inquiries, the concepts they
are formulating, and their methods of expressing their thoughts. To achieve this, teachers
should take on the roles of observers, closely monitoring the children’s explorations [23].
Teachers can actively engage children in nature-based education by guiding them to
use their senses to observe, listen, smell, and touch, similar to the methods used by
scientists [37]. The inclusion of nature-based affordances in early learning often stems
from teachers” understanding of it and their capacity or inclination to utilize the resources
available at their current location. At the other end of the spectrum, the misconception
of teachers that nature is a distant entity restricts their imagination and efforts to include
nature in the learning process.

4.4. Limitations, Delimitations, and Future Research

Firstly, the specification of the outcomes of search terms remained broad, and this was
done deliberately to obtain a broad overview of how the nature-based outdoor learning
landscape influences STEAM learning of preschoolers. However, this scoping review
showed that STEAM-based outdoor learning is quite a new topic, and there are no assess-
ment guidelines that can give us an idea of which opportunities in the outdoor learning
landscape can maximize STEAM learning and how we can define/observe/measure the
STEAM learning behaviors of preschoolers. Moreover, the inclusion of arts with STEM
identified different affordances in outdoor learning environments, potentially influencing
cognitive and creative development differently than STEM-focused formal programs. Fu-
ture research can benefit from using the meta-analysis technique to identify appropriate
approaches for evaluating children’s learning progress during STEAM-based outdoor
activities and the affordances of a preschool outdoor learning landscape.

There was also the fact that the domains of this review hardly coincided with each other
altogether in the reviewed studies, and only two studies discussed the affordances of science
learning [15,32]. However, the target of this study was to find the relationship between
STEAM learning of preschoolers and the outdoor learning landscape. The reviewed studies
covered a range of learners, including infant/toddler and primary/elementary children.
Numerous papers mentioned outdoor learning environments and play affordances. To
keep focused on STEAM learning, this scoping review eliminated those articles that did
not mention anything about STEAM/STEM/science learning. Although those affordances
were closely related to cognitive development. The lack of inclusion of those studies
could be identified as a significant limitation. Additionally, the study characteristics
identified in this review revealed that all the research was conducted in developed countries,
limiting the generalizability of the findings to developing regions. This context constrains
the applicability of the results across diverse socioeconomic backgrounds and education
systems. This scoping review did not address the specific learning needs of children with
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learning disabilities, such as those with ASD, dyslexia, ADHD, and others. Acknowledging
the significant individual differences in learning levels among children, we recommend that
the nature-based learning opportunities for children with learning disabilities be researched
and reviewed separately to comprehensively understand their unique needs and benefits.
The research topic is interdisciplinary. A scoping review is an appropriate methodology in
the interdisciplinary field of outdoor learning environment research, incorporating articles
from diverse disciplines that have enriched the conclusions drawn.

5. Conclusions

The integration of science and technology into outdoor play areas provides children
with unique features and opportunities that are not available in a traditional kindergarten
setting [7]. The design of outdoor learning environments can significantly impact STEAM
education through intentional design elements. These elements can provide STEAM learn-
ing opportunities and create informal settings essential for STEAM education. Children are
presented with diverse natural resources to incorporate into their play, fostering creativity,
social interaction, and complex activities such as construction projects. On the other hand,
playgrounds are not as effective in encouraging STEM-related play because the fixed nature
of playground equipment restricts children’s freedom to explore and implement their
ideas [32]. This review identified the STEAM learning affordances of an outdoor learning
environment that enhances preschool-aged children’s engagement in science, technology,
engineering, arts, and mathematics (STEAM) learning through their interactions with
nature. This could encompass cognitive development by fostering curiosity, creativity, and
problem-solving skills in early childhood.

This scoping review identified several STEAM learning behaviors of children and
STEAM-activity-supportive settings, which can guide design modification efforts to trans-
form mundane playgrounds into engaging and affordance-rich outdoor learning land-
scapes to stimulate young children’s STEAM learning. These settings and affordances
that foster a conducive learning atmosphere could significantly enhance the quality of
early childhood STEAM education. The outcomes of this scoping review could potentially
inform policy and curriculum development in early childhood education by integrating
more outdoor, nature-based STEAM learning experiences into preschool formal/informal
education. Adapting these STEAM-learning-supportive settings to develop existing child-
care/preschool outdoor environments could be a significant and pivotal step in moving
towards more experiential and environment-based learning approaches in early childhood
education.
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