School of Education

Fostering young children’s creativity with STEM activities in online

learning environments

Kimberly Maslin

0000-0001-9644-6274

This thesis is presented for the Degree of
Doctor of Philosophy
of

Curtin University

This is to confirm that the research conducted, and the writing of this thesis was under my principal supervision.

Curtin University’s rules and codes of practice governing Higher Degrees by Research were adhered to.

Professor Karen Muggi
24t July 2024

July 2024



DECLARATION

To the best of my knowledge and belief this thesis contains no material previously

published by any other person except where due acknowledgment has been made.

This thesis contains no material which has been accepted for the award of any other

degree or diploma in any university.

The research presented and reported in this thesis was conducted in accordance with
the National Health and Medical Research Council National Statement on Ethical
Conduct in Human Research (2007) — updated March 2014. The proposed research
study received human research ethics approval from Curtin University Human

Research Ethics Committee (EC00262), Approval Number HRE2022-0342

Signature:

Date: 17/07/2024



ABSTRACT

Nurturing creativity is considered one of the most important objectives in early
childhood education, and the integration of science, technology, engineering and
mathematics (STEM) is one area that can facilitate this. The purpose of this study is
to identify quality pedagogical practices for fostering young children’s creativity
with STEM learning experiences in online learning environments. Previous research
has highlighted the important role a child’s environment plays in fostering their
creativity, with the environment encompassing the physical space, people, and
pedagogies. While there is a comprehensive understanding around nurturing
creativity within a physical learning environment, less is known about creativity in

an online context.

Prior to the COVID-19 pandemic, little research focused on young children’s online
learning experiences. During the pandemic, studies involving this age group focused
primarily on experiences and perceptions of emergency remote learning, rather than
intentional online learning resulting in the development of specific skills or
knowledge. This gap creates an opportunity to explore the potential of online STEM
learning experiences to meaningfully engage young children in creative thinking.
This is of value given the prevalent issues for children accessing face-to-face

learning opportunities in regional and remote areas.

Accordingly, this qualitative, multiple case study involved multimodal video analysis
of regional Year 1 children as they engaged with STEM learning experiences
delivered online synchronously by Scitech, Western Australia’s leading science
discovery centre. Findings from the data collection were used for narrative analysis
to create rich, written descriptions of the children’s experiences. To provide a wider
perspective of their experiences, multiple semi-structured interviews with the
children were conducted, as well as with their parents, classroom teacher, and
Scitech facilitators. Mapping of the children’s learning environments was conducted
to strengthen insights into the impacts of their physical spaces. The data collected
was analysed using the A-E of Children’s Creativity framework (Murcia et al., 2020).

Findings illustrate how intentional online learning experiences can engage children



creatively, using hands-on learning activities, effective communication, and
providing quiet time to focus. These findings inform recommendations for how
future online learning environments can be established to offer the most

opportunities for young children’s creativity.
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DEFINING TERMS

Definitions of key terms used throughout this thesis:

Creativity: the ability to generate original ideas that are appropriate to the task at

hand (Murcia et al., 2020, p. 1399).

Emergency remote teaching: a temporary shift of instructional delivery to an
alternate delivery mode due to crisis circumstances. It involves the use of fully
remote teaching solutions for instruction or education that would otherwise be
delivered primarily face-to-face and that will return to that format once the crisis or

emergency has abated (Barbour et al., 2020, p. 6).

Experiences: events or activities which contribute to children’s sense of wellbeing,
learning and development (Australian Government Department of Education, 2022b,

p. 66).

Online learning: the delivery of education in which digital technology and the
Internet are used to deliver instruction and to facilitate communication among

participants (Saqlain et al., 2020, p. 39).

STEM: The approach to teaching STEM content of two or more STEM domains
(science, technology, engineering, maths), bound by STEM practices within an

authentic context for the purpose of connecting these subjects to enhance student

learning (Kelley & Knowles, 2016, p. 3).
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CHAPTER 1: INTRODUCTION TO THE STUDY

1.1 INTRODUCTION TO CHAPTER 1

Nurturing creativity is considered one of the most important objectives in early
childhood education, and the integration of science, technology, engineering, and
mathematics (STEM) is one area in which to facilitate this. The purpose of this study
is to identify quality pedagogical practices for fostering young children’s creativity
with STEM experiences in online learning environments. This introduction chapter
provides contextual information about the study, beginning with the researcher’s
personal motivation for the study. Following this, background information is
presented along with the research problem and research questions. Then, an
overview of Scitech’s services and the research methodology are outlined. This is
followed by benefits of the study and thesis structure. Each of these sections will be

elaborated on in the subsequent thesis chapters.

1.2 PERSONAL MOTIVATION FOR THE STUDY

There are several reasons I felt compelled to engage in this research project. First,
was my interest in STEM education. I have previously worked as a Digital
Technologies teacher, as well as three years as a Pre-Primary to Year 6 STEM
specialist teacher. During this time my favourite aspect was seeing children display
creativity and innovation during design-based challenges. Engaging in this study was
an opportunity for personal professional development, in which I learnt more about
STEM education and quality practices for future modes of delivery. Second, was my
personal experience living and teaching in regional Western Australia. I moved from
Western Australia’s capital city of Perth to Esperance, a small coastal town 700km
south-east of Perth, in 2016. Over the years I have experienced first-hand the barriers
of living so far from the city — from Internet connectivity issues, to limited access to
educational services and professional development. I strongly believe no child or
teacher should be disadvantaged because of where they live, and that technology
offers opportunities to help close these gaps. This research project offered an
opportunity to learn more about how technology could assist learning and teaching in
this space. During the initial outbreak of the COVID-19 pandemic, and subsequent

lockdowns, I offered free Zoom practice sessions for teachers in Australia and the
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USA as they navigated this new platform. I also published The Zooming Owl, the
first children’s short story to address transitioning to online learning in an
entertaining and age-appropriate way. This story was made freely available online as
an eBook via Amazon. Through these experiences, I gained insight into the
possibilities and challenges faced by educators when engaging in online learning for

the first time.

Each of these experiences prepared me to undertake this study. I see the value
in exploring the ways online delivery could help children in regional areas access
meaningful and authentic learning opportunities. I am excited these opportunities
have presented themselves in the form of Scitech’s engaging and well-received
STEM sessions and shows. Upon commencement of this study, background research
into the areas of creativity, early years STEM education and online learning was

undertaken to understand the key concepts underpinning the study.

1.3 BACKGROUND OF THE STUDY

Creativity is an essential competency that is prioritised in early childhood education
settings. Through various approaches such as play-based learning and science
inquiry, children can develop original or novel solutions to problems. One avenue
that presents an effective opportunity for children to engage creatively, is that of
STEM education. An integration of science, technologies, engineering, and
mathematics, STEM education typically provides hands-on, design-based activities,
and investigative tasks for children to engage with (Wan et al., 2021). A strong body
of research has explored the components of a learning environment that make it
conducive to fostering children’s creativity, focusing on aspects such as the
resources, communication, and socio-emotional climate (Cremin et al., 2013; Davies
et al., 2013b; Murcia et al., 2020; Richardson & Mishra, 2018). Research into
children in physical learning environments has also identified characteristics
demonstrated when they are engaged creatively, namely showing agency, being
curious, making connections, being daring, and experimenting (Craft et al., 2014;
Cremin & Chappell, 2021; Glaveanu, 2018). Additionally, children are known to
display incidental moments of creativity as they engage in daily activities (Beghetto,

2007; Kaufman & Beghetto, 2009).
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However, this understanding of learning environments has been formed
almost exclusively around school-based, physical learning environments. As such,
there is little understanding of how children could engage creatively during STEM
learning experiences that are delivered online. Online delivery of education has been
offered worldwide for decades and is a growing field of research (Barbour et al.,
2020). Yet it was the global surge in emergency remote learning during the COVID-
19 pandemic, commencing in 2020, that catapulted online learning to the forefront of
educators’, researchers’, caregivers’, and children’s minds. At its peak, more than 1.6
billion children and youth were affected by school closures, and of these, 463 million
children were unable to access remote learning (UNICEF, 2022). As such, there is
now more willingness to explore the ways online learning could help address

learning divides for children who live in regional or remote areas.

In Western Australia, regional and metropolitan areas are outlined in the
Regional Development Commissions Act 1993. Based on these areas, 449 of the
1,051 schools are located outside the Perth metropolitan region (Australian Schools
Directory, 2019). As a result, there are many children living in regional and remote
arcas whose access to face-to-face education services are limited, and instead seck
opportunities through online delivery. For this to successfully occur, learners require
access to reliable Internet services (Park, 2017). There have been ongoing efforts at a
national level to ensure people living in all regions of Australia are able to access
stable Internet connections. One of the most highly publicised strategies has been the
implementation of the National Broadband Network (NBN); however, even with this
roll-out, there is still two-thirds of Australia’s land area that suffer from lack of
connectivity (Good Things Foundation, 2021). The impacts of this were particularly
noticeable during COVID-19 emergency remote teaching, where Australian
educators reported that unreliable Internet impacted children’s learning and
engagement (Fray et al., 2022; Page et al., 2021; Van Bergen & Daniel, 2022).
Findings by Fray et al. (2022), in particular, acknowledged that educators in regional
and remote areas of Australian faced additional burdens related to unreliable Internet

acCCess.

Aside from issues with connectivity, there is also a lack of understanding about

effective pedagogical strategies that can foster young children’s creativity in online
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learning environments (Maslin et al., 2023). The lack of research in this space
presents an opportunity to explore how this approach could provide additional
opportunities for children to engage with STEM education and develop transferable

skills for learning, work and life.

1.4 RESEARCH PROBLEM

There has been an increased uptake of online education in recent years; however,
little is known about effective pedagogical strategies for young children in this
learning context, thereby presenting challenges for educators who seek effective
strategies. While research during the COVID-19 pandemic explored the experiences
and attitudes of young children during emergency remote learning, approaches for
STEM education, and fostering key competencies, such as creativity, were
overlooked. With the growing emphasis on accessibility, particularly for children in
regional and remote areas, there is a need to explore methods for fostering these
skills in online learning environments. The purpose of this study was to explore how
young children in regional Western Australia were able to engage creatively in

STEM learning experiences delivered online by Scitech.

1.5 RESEARCH QUESTIONS

Based on the research problem, the two research questions driving this study were:

1. How do environmental elements influence children’s creativity during STEM
online learning experiences?
2. In what ways do children demonstrate creativity while engaging in STEM

online learning experiences?

1.6 OVERVIEW OF SCITECH

Scitech is Western Australia’s leading science discovery centre. Located in West
Perth, Scitech is a not-for-profit organisation supported by the Western Australian
Government through the Department of Jobs, Tourism, Science and Innovation.
Scitech was founded in 1988 and provides a range of education outreach services to
the state, including: an interactive science discovery centre located in West Perth that

provides exhibitions, science shows, and puppet shows; regional outreach via their

18



Statewide program; STEM workshops; professional development; as well as

incursions and excursions.

Scitech states that their purpose is to, “inspire engagement by all Western
Australians in science, technology, engineering and mathematics” (Scitech, n.d.-b).
As such, they do not specifically align their services with the Australian curriculum.
They are committed to engaging with every child and school across the state, and
each year, their Statewide program sees Scitech facilitators travel to hundreds of
schools to provide incursions to over 500,000 children. Through this program,
Scitech is committed to visiting each West Australian primary school every three to

five years (Scitech, n.d.-a).

It was this commitment to increasing engagement with regional children and
schools that led to the positive collaborative relationship throughout this research
project. Through their involvement in the study, Scitech were able to prepare and
deliver an experimental version of their existing programs online to children,
providing an opportunity to assess the feasibility of offering a service like this in the
future. From Scitech’s perspective, they hoped online delivery could become an
additional service each year to regional schools, which would complement the
Statewide visits occurring every three to five years. In doing this, Scitech could
further fulfil its commitment of engaging all West Australians in science and

technology.

1.7 OVERVIEW OF RESEARCH METHODOLOGY

A constructivist approach was chosen for this study, guided by an interpretive
epistemology. Qualitative research methods were used - a common approach in
education research. As the study was focused on Year 1 children based in regional
Western Australia, a case study methodology was chosen with three children serving

in each case.

The children participated in ten sessions delivered synchronously by Scitech,
six school-based sessions via Microsoft Teams (https://teams.microsoft.com/v2/)
and four home-based sessions via Zoom (https://www.zoom.com/). Each session was

observed by the researcher who was present in the classroom or children’s homes.
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Scitech staff were responsible for designing the sessions, each of which were adapted
from Scitech’s existing programs, as well as shipping packs of materials to the

classroom teacher and children.

Each session was video recorded for multimodal analysis, and the researcher
also took photographs and field notes. Underpinning the analysis process was the A-
E of Children’s Creativity framework (Murcia et al., 2020). Findings from the
recordings were used for narrative analysis to create rich, written descriptions of the
children’s experiences, specifically describing observations of their creativity and

how it was fostered.

The children also participated individually in three semi-structured interviews
with the researcher, two at school, and one at home. The interviews gave the children
the opportunity to discuss their online learning experiences and respond to questions
the researcher had based on analysis of the video data. To provide a broad range of
perspectives into each case child’s involvement of the sessions, their parents
participated in a semi-structured interview, as did the two Scitech facilitators and the
classroom teacher. As each of the children’s caregivers identify as their biological
parents, the term ‘parents’ is used throughout this thesis. Thematic analysis was
conducted on the interview data, selected as an appropriate way to interpret

individual’s unique experiences.

Finally, diagrams were created by the researcher of each physical environment
the children were in, namely the classroom and their home learning environments.
This process was done to provide insight into the impact of the physical spaces on

their creative thinking and learning experiences.

1.8 BENEFITS OF THE STUDY

This study offers several benefits to educators and children. The immediate benefit
of this study was affording Scitech the opportunity to understand the impact of their
programs in an online space. This allowed them to assess the feasibility of increasing
the scope of their services to children living in regional and remote Western
Australia. With the constructive feedback from this study, Scitech can look to offer

increased contact with children living outside of metropolitan Perth by providing
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online workshops and/or shows. This would complement their Statewide program,

without tripling their travel and staffing costs.

For the children participating in this study, they gained an additional
opportunity to interact with Scitech and engage in STEM learning experiences. The
documented experiences of the children in this study could ultimately lead to
children across the state benefiting from additional services provided by Scitech,
providing greater opportunities to develop their creativity. Further, these findings
could support national and international STEM online educators to implement
similar opportunities for online delivery, which may provide additional benefits for
children’s learning. Specifically, children in regional and remote areas often
experience limited access to learning opportunities due to their distance, as well as
the ongoing challenge of attracting and retaining qualified educators. Online delivery
provides the potential for a wide range of learning opportunities from qualified
educators. With this, comes a need for those educators to understand and apply
principles of effective online pedagogy. One of the benefits of this study is the focus

on developing guidelines for quality practice in this space.

Additionally, this study extends contemporary understanding of children’s
creativity. It offers a unique context for exploring how children demonstrate their
creativity, adding to the international body of knowledge about physical learning
environments as place of learning, to include online learning contexts. It explores the
impact and nuances of children engaging creatively while online, extending our
understanding beyond that of the COVID-19 pandemic’s emergency remote learning

experience.

Finally, the study offers specific insights into young children’s engagement
with online learning. While the growing field of online learning research has focused
primarily on adult learners, this study offers a unique insight into the way young
children can meaningfully learn through online delivery. This is a valuable
contribution to the research field, offering guidelines for quality practice that can
assist not just science discovery centres, but other distance and online education

services.
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1.9 THESIS STRUCTURE

Below is an outline of the thesis structure:

Chapter 1: Introduction - provides an overview of the purpose and context for the

research project, as well as introduce the research questions and methodology.

Chapter 2: Review of Literature - presents a comprehensive exploration and
synthesis of the current research within the areas of children’s creativity, STEM
education, online learning, and findings from the researcher and supervisors’

systematic literature review into young children’s creativity during online learning.

Chapter 3: Research Methods — details and justifies the research methodology,
data collection techniques, and data analysis processes that were used for this
research project. It also outlines ethical considerations, measures of research quality,

and limitations of the adopted research method.

Chapter 4: Findings - presents the findings from the data collected during the study.
This is presented firstly as a table summarising the experiences of each child during
the Scitech sessions, then by diagrams of the children’s physical learning
environments. This is followed by a narrative analysis of the sessions that draws
upon the multimodal analysis of video data, followed by a thematic analysis of the
semi-structured interview data. Finally, a cross-case analysis of the three children is

presented.

Chapter 5: Discussion — presents a discussion of the study’s findings, drawing upon
literature to highlight the ways the study’s findings contribute to the existing body of

research.

Chapter 6: Conclusion — presents a detailed summary of findings that answer the
study’s two research questions, as well as guidelines for quality practice when
engaging children creatively online with STEM learning experiences. This is
followed by the significance and limitations of the study, finishing with closing

remarks.
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1.10 CHAPTER SUMMARY

This chapter began by outlining background of the study, along with the researcher’s
motivations for the study. This was followed by an overview of Scitech and its
involvement with the research project, as well as the study’s research questions and
methodology. Finally, benefits of the study were outlined, and the structure of the

thesis was presented.

The study has addressed the way educators can foster children’s creativity
with STEM activities in online learning environments. The research involved three
case study children living in regional Western Australia, who participated in ten
STEM sessions delivered synchronously online by Scitech. By observing the
children’s involvement in the sessions combined with the interview data and
environment mapping, this study sought to identify ways children demonstrate
creativity online, as well as quality practice for fostering their creativity. Ultimately,
this has helped formulate a series of recommendations applicable to contexts in
which educators are providing online STEM learning experiences to children. This
research is timely and has the potential to inform quality practice for future online
learning experiences for children. The next chapter will provide a comprehensive
review of the literature published in the areas of children’s creativity, STEM

education, online learning, and digital divide.
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CHAPTER 2: LITERATURE REVIEW

2.1 INTRODUCTION TO CHAPTER 2

Chapter 1 introduced and provided context for the study, including background
information, and the driving research questions. This chapter provides a review of
the literature relating to the areas incorporated in the study. The review begins by
defining creativity and its place in education, before outlining guiding creativity
frameworks for educators and researchers. Specifically, the 4-E of Children’s
Creativity framework (Murcia et al., 2020) is explained in detail, as this was used as
the lens of analysis for this study. Following this, the impact of the physical learning
environment on children’s creativity, both in school and home settings are explored.
Then, the topic of STEM is introduced in the context of early years education. This
includes the evidence for effective teaching strategies for STEM learning
experiences. Online learning is discussed, including its benefits, challenges, and the
known pedagogies for teaching online. Finally, a review into what is known about

young children’s creativity in online learning environments 1s presented.

The purpose of this chapter is to synthesise current knowledge around
creativity, STEM, and online learning in an early years’ context. This helps identify
gaps in the existing body of research, providing the foundation from which this study

begins and focuses on. This research gap is represented in Figure 2.1.

Figure 2.1

Identifying the gap in research that guides this research project

Online
learning -
environments Focus of this
research project
Fostering STEM
children’s learning
creativity experiences
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Figure 2.1 represents how established research fields exist for the areas of online
learning environments, STEM learning experiences in a physical context, and
children’s creativity. It points, however, to a gap where these three fields intersect.
There is currently limited understanding of how children’s creativity can be fostered

through STEM in online learning environments (Maslin et al., 2023).

2.2 CREATIVITY IN EDUCATION
The following section explores the role of creativity in education, specifically the
definition of creativity; creativity in education policies; and creativity frameworks

that are used in education.

2.2.1 Defining creativity

While the history of creativity can be traced back thousands of years (Glaveanu &
Kaufman, 2019; Runco & Albert, 2010), it is widely accepted that modern creativity
research was marked by Guildford’s 1950 seminal presidential address to the
American Psychological Association. In this, he advocated for a focus on creativity
of the ‘every man’ (Glaveanu & Kaufman, 2019). Since then, creativity has become
a topic in educational research (Hernandez-Torrano & Ibrayeva, 2020; Kupers et al.,
2019) and is widely regarded as a key competency for learners (Donovan et al.,
2014; Rotherham & Willingham, 2010). Further, educational researchers support the
notion that creativity is something that can be fostered in most children, not just a
small number of gifted learners (Sheffield, 2017). Despite acknowledging its
importance, creativity itself remains an elusive and complex concept with no
universally accepted definition (Conradty & Bogner, 2018; Kupers et al., 2019).
There is, however, general consensus that any definition of creativity will
incorporate the components of originality and usefulness (Barron, 1955). Here, the
component of originality refers to the expectation that an idea must be original,
novel, infrequent or unique. Meanwhile, usefu! requires that the idea or product is of
value to a group or culture. It should be noted that these components refer only to
creative products as opposed to the creative process (Runco & Jaeger, 2012). For the
purposes of this thesis, the following definition by Murcia et al. (2020) will be
adhered to, “[creativity is] the ability to generate original ideas that are appropriate to

the task at hand” (p. 1399). This definition was published by the authors of the 4-F
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of Children’s Creativity framework, which serves as the guiding tool of analysis for

this study, reinforcing its relevance in the context of this research.

2.2.2 Creativity in education policies

Creativity has been identified as a key educational goal and has been incorporated
into both Australian and international education policies and guidelines (Council of
the European Union, 2018; Department for Business and Trade, 2018; Department of
Education Skills and Employment, 2019; OECD, 2018; Richardson & Mishra, 2018;
US Department of Education, 2024). For instance, within an international context,
the Council of the European Union (2018) recommended learners of all ages develop
key competencies which include skills such as creativity, problem-solving, and
resilience. Similarly, the World Economic Forum has stated that children need to be
creative thinkers, ready to adapt to new jobs that do not yet exist (World Economic
Forum, 2016, 2018) and as such, education systems have attempted to implement

strategies that foster this skill.

Within an Australian context, creativity is incorporated into The Alice Springs
(Mparntwe) Education Declaration, where Goal 2 states that, “all young Australians
become confident and creative individuals, successful lifelong learners, and active
and informed members of the community” (Department of Education Skills and
Employment, 2019, p. 6). Creativity is also included in the Australian Early Years
Learning Framework version 2 (Australian Government Department of Education,
2022a). While promoting children’s creativity is mentioned throughout the
framework, explicit mention is made in Outcome 4, “children develop a growth
mindset and learning dispositions such as curiosity, cooperation, confidence,
creativity, commitment, enthusiasm, persistence, imagination, and reflexivity” (p.
50). Again, creativity is explicitly referred to in the Australian Curriculum,
embedded in the Critical and Creative Thinking general capability, which is required
to be integrated across Foundation to Year 10 learning areas (ACARA, n.d.-b).
Specifically, this capability outlines how “creative thinking involves students
learning to generate and apply new ideas and see existing situations in new ways.
They identify alternative explanations and possibilities, and create new links to

generate successful outcomes” (ACARA, 2022). The inclusion of creativity within

26



these guiding policies highlights the value which has been placed on fostering this

skill in young learners.

2.2.3 Creativity frameworks
Two prominent frameworks have guided understanding of, and research into,
creativity. These two frameworks, the Four C Model and the Four Ps of Creativity

are outlined below.

The Four C Model identifies four constructs that differentiate between levels of
creative magnitude (Kaufman & Beghetto, 2009). Firstly, the Big-C level describes
eminent creativity from ground-breaking individuals such as artists, scientists, and
world leaders; Pro-C creativity identifies successful people in their field who have
not reached the prominence of Big-C creativity; little-c encompasses the less
prominent acts of everyday creativity; and mini-c addresses new and personally
meaningful interpretations, ideas and insights (Kaufman & Beghetto, 2009; Kaufman
et al., 2022; Yu et al., 2021). The Four C Model frames creativity as a progression, in
which individuals can continually develop their creativity, thus making it a valuable
reference point for both researchers and educators. Additionally, the framework
acknowledges creative moments that are novel to the child, even if they are not
unique in a broader context. As such, it provides space for children’s creativity to be
acknowledged rather than overlooked. From this, educators can identify ways to
further nurture this creativity, assisting children’s development from one level to the

next (Beghetto & Kaufman, 2014).

Underpinning decades of research is the Four Ps of Creativity (Rhodes, 1961),
which classifies different approaches to creativity based on the level of the person,
the product, the process, and the press. This model views the person as the central
component of the creative product; the process is the procedure a person undertakes
to create the product; the product is created by the person as a result of the creative
process; and the press represents the person’s working environment. The Four Ps of
Creativity has been applied and adapted by researchers to help them classify
creativity in various environments (Glaveanu, 2013; Murcia et al., 2020; Richardson
& Mishra, 2018). One example in which the Four Ps of Creativity model has been
adapted, is through the A-E of Children’s Creativity framework. This framework has
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been selected as a lens for the data analysis in this study and is detailed in the next

section.

2.3 THE A-E OF CHILDREN’S CREATIVITY FRAMEWORK

Drawing upon the Four Ps of Creativity (Rhodes, 1961), the A-E of Children’s
Creativity framework developed by Murcia et al. (2020) provides a field of reference
for analysing creativity in the context of children and digital technologies (Fielding
& Murcia, 2022). The framework outlines the role of the person, the product, and the
process similar to the original approach, with a key distinction being the changing of
press to place to better reflect an educational context. A full version of the
framework is presented in Figure 2.2 which elaborates on the criteria for creative
moments, the perspectives on who does the original thinking, the three elements of
an enabling environment, as well as detailing the characteristics of the five creative

Processces.

Figure 2.2

A-E of Children's Creativity Framework

PRODUCT: Criteria for creative outcomes

Original Fit-for-purpose

PERSON: Perspectives on who does the original thinking

Child engaged by educator’s creativity Child’s creative doing Child’s creative thinking

PLACE: Elements of an enabling environment

Resources Commmnication Socio-Emotional Climate

o Intentional provocations » Intentional learning conversations o Stress and pressure free environment
« Stimulating materials « Hearing and valuing children’sideas e Non-prescriptive

o Adequate materials for everyone » Open inquiry questioning * Non-judgemental

» Time for creative exploration « Facilitating dialogic conversations « Allowed to make mistakes

PROCESS: Characteristics of children’s creative thinking

Agency Being Curious Connecting Daring Experimenting

» Displaying sclf- e Questioning * Making conncctions * Willing to be e Trying out new idcas
determination » Wondering » Seeing patterns in different * Playing with

» Finding relevance ¢ Imagining ideas * Persisting when possibilities
and personal meaning o Exploring o Reflecting on what is things get difficult Investigating

o Ilaving a purpose * Discovering and whalt could be o Leaming from failure o Tinkering and

e Acting with « Engaging in ‘what it ¢ Sharing with others (resilience) adapting ideas
autonomy thinking ¢ Combining ideas lo e Tolerating o Using materials

* Demonstrating form something new uncertainty differently
personal choice and » Seeing different o Challenging ¢ Solving problems
freedom points of view assumptions

* Choosing to adjust « Putting ideas into
and be agile action
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Figure 2.2 illustrates the level of product, person, place, and process. Specifically,
within the product level, products of creativity are identified as either “physical
artefacts (e.g., a picture) or an abstract product (e.g., an idea)” (Murcia et al., 2020,
p. 1400). The novelty of this product can be at an individual level, similar to that of
little-c or mini-c creativity (Kaufman & Beghetto, 2009). While the product is often
the main focus in the creative process, it has been noted that overemphasising the
product can be problematic, as it fails to acknowledge creative potential and
children’s personal efforts (Beghetto & Kaufman, 2007; Long et al., 2022; Runco,
2005). A benefit of this framework is its inclusion of not just the creative product,
but also three other components of creativity. Within the person level, three
perspectives are described regarding the child’s role in the creative activity: the child
is engaged by the creativity of the educator; the child is involved in creative doing by
following the educator’s example or predetermined sequence of steps, and the child
is the initiator of the creative ideas (Lucas & Spencer, 2017; McGregor & Frodsham,
2019; NACCCE, 1999). The place level and process level correspond with
pedagogies for establishing a creative learning environment, which are outlined and

analysed below.

2.3.1 Place

The learning environment is one of the most important factors in fostering children’s
creativity (Beghetto & Kaufman, 2014; Richardson & Mishra, 2018). The
environment specifically refers to the set-up and design of the physical space, the
relationship with other people in the space, and the availability of resources and
support (Beghetto & Kaufman, 2014). Although research into creativity is
increasing, the focus on the impact of learning environments on creativity has not
risen with it (Richardson & Mishra, 2018). This is evidenced by Henriksen et al.
(2015) who reviewed creativity instruments and found that only 3% of instruments
measured the environmental support of creativity. Additionally, less than one-fifth of
the total measures reviewed by the researchers were developed for children in K-12,
further highlighting the gap in our understanding of creative learning environments
in the early years. It has been asserted that there is a need to further assess how
learning environments can assist educators in supporting the creativity of learners
(Lee & Lee, 2023; Richardson & Mishra, 2018). Within the place level of the 4-E of

Children’s Creativity framework, the elements of an enabling creative learning
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environment are organised under three categories: resources; communication; and

socio-emotional climate.

Resources incorporates intentional provocations, enough stimulating
materials for everyone, and time for creative exploration. An environment rich in
materials, toys, and equipment has been found to positively impact children’s
creativity (Addison et al., 2010; Bancroft et al., 2008; Corlu et al., 2014; Gandini,
2005; Gkolia et al., 2009). Specifically, Bancroft et al. (2008) emphasised the need
for lots of light, formless materials which can take on any shape, pointing to
materials such as clay, modelling foam, wire, cellophane, and tissue paper. Further, it
has been asserted that educators need to give children time and space by standing
back during creative activities so that children have a chance to explore
independently (Craft et al., 2012; Cremin et al., 2006; Cremin & Chappell, 2021;
Murcia & Oblak, 2022). Similarly, Davies et al. (2013b) found through their
literature review in school-aged learners that exciting activities, realistic tasks, and
playful approaches that allowed time for children to have ownership of their learning
contributed significantly to their creativity. Regarding intentional provocations,
Murcia and Oblak (2022) found through their action research study with 3- and 4-
year-old children that intentionality and scaffolding by the educator during early
years learning can support their creativity. The existing research indicates the
balance that educators need to make between providing support and space for

children when engaging in creative tasks.

While the physical set-up of the environment is not explicitly mentioned in
the A-E of Children’s Creativity framework, numerous studies assert adequate space
within a classroom should be used flexibly to promote creativity (Addison et al.,
2010; Bancroft et al., 2008; Davies et al., 2013b; Jeffrey, 2006), and that there should
be a general sense of openness and spaciousness (Bancroft et al., 2008), removing
furniture to give children space to move around and make use of different areas
(Gandini, 2005), and display works in progress (Addison et al., 2010). Beyond
spaciousness, studies in Reggio Emilia schools by Vecchi (2010) demonstrated the
importance of sensory qualities such as light, colour, sound, and providing spaces

that allow for quietly working in groups.
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Communication incorporates intentional learning conversations, hearing and
valuing children’s ideas, open inquiry questioning, and facilitating dialogic
conversations. Educators play a pivotal role in fostering children’s creativity, such as
when they engage in conversations, and encourage children to actively participate
and collaborate (Beghetto & Kaufman, 2014; Cremin et al., 2018; Marcos et al.,
2020; Richardson & Mishra, 2018). Likewise, (Davies et al., 2013b) found that
mutually respectful relationships built on trust between learners and educators, as

well as collaborative activities, help support creativity.

There are many ways educators can facilitate communication to foster a
positive relationship and stimulate creative thinking. For instance, questioning is
regarded as an effective technique in encouraging creative thinking and problem-
solving skills (Craft, 2007; Cremin et al., 2018). When students ask questions, they
are engaging in higher order thinking, establishing relationships between new ideas
and prior knowledge, and constructing meanings (Carli et al., 2022; Cremin et al.,
2018; Thompson, 2017). The importance of questioning aligns with broader early
years pedagogies, which advocate the importance of responsiveness to children. For
example, in the Early Years Learning Framework version 2, responsiveness to
children is explained in part as, “educators are attuned to, and actively listen to,
children so they can respond in ways that build relationships and support children’s
learning, development and wellbeing” (Australian Government Department of
Education, 2022a, p. 21). Beyond verbal communication such as questioning, silence
has also been identified as a form of communication. This has been observed by
Ollin (2008), however it is not accounted for in the A-E of Children’s Creativity
framework (Tippett & Yanez Gonzalez, 2022).

The socio-emotional climate involves creating an environment that is free
from stress and pressure, non-prescriptive, non-judgemental, and supportive of
children making mistakes. Reyes et al. (2012) note how upper primary classrooms, in
which a positive emotional climate is promoted, are more likely to have learners who
are engaged, enthusiastic, and academically successful. Classroom emotional climate
can also influence children’s motivation to engage in learning experiences (Urdan &
Schoenfelder, 2006). It has been advocated that educators act as a guide rather than

an instructor when children are engaging in creative tasks (Cress & Holm, 2016;
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Richardson & Mishra, 2018; Woollard & Pritchard, 2010). The findings of Davies et
al. (2013Db) support this, encouraging a balance between structure and freedom so
learners feel supported while engaged in creative thinking and risk-taking. This
aligns with the notion of standing back and providing scaffolding outlined earlier in
this section, speaking to the interconnectivity of the elements within the creative

learning environment.

2.3.2 Process

Within the process level, five processes of children’s creative thinking are presented:
agency; being curious; connecting; daring; and experimenting. Agency has been
identified in educational research as essential to the development of children’s
creative thinking (Cremin & Chappell, 2021; Cremin et al., 2018; Davies et al.,
2013b; Tippett & Yanez Gonzalez, 2022). As asserted by Davies et al. (2013b),
when children “are given some control over their learning and supported to take risks
with the right balance of structure and freedom, their creativity is enhanced” (p. 85).
This process further strengthens the elements of the environment, by providing
children with a positive socio-emotional environment in which they feel supported

while engaging in exploration and risk-taking.

It is widely accepted that children are innately curious (Banko, 2013; Cremin
et al., 2018; Lange et al., 2019; Robinson & Lee, 2011; Tippett & Yanez Gonzalez,
2022). The process of being curious involves children questioning, imagining,
discovering, and engaging in ‘What if” thinking. This approach to thinking is closely
aligned with the notion of Possibility Thinking (Craft, 2007) which involves a shift
from asking ‘What is this and what does it do?’ to “What can I do with this?’
(Chappell et al., 2008, p. 267). Possibility Thinking is important for little-c creativity,
providing a means by which questions are posed or problems identified (Craft,
2007), for example a five-year-old questioning how to make the right colour of paint

(Chappell et al., 2008).

Making connections can occur through various activities, including play
(Russ & Doernberg, 2019), personal connections to the topic (Harris & De Bruin,
2018), and to their own lives (Serebrin & Wigglesworth, 2014). This process also
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emphasises the importance of collaboration, by sharing ideas with others and seeing

different points of view (Beghetto, 2019; Davies et al., 2013b).

Daring involves the willingness to be different, persist when challenges are
difficult, and to be resilient. In the context of creativity, Lucas and Venckuté (2020)
state, “tolerance for uncertainty, risk, and ambiguity...facilitate[s] higher learning,
long-term employability, and upward social mobility” (p. 2). Research has
demonstrated how age-appropriate STEM activities can assist with children’s daring
and resilience. For instance, in a study by Strawhecker et al. (2023), families with
children aged 3- to 4-year-old were provided with packs of STEM materials to use at
home to complete STEM tasks, such as building ramps. Caregivers commented that
they were surprised by the perseverance their children demonstrated during these
STEM tasks, noting they actively engaged in critical thinking, creating, evaluating,

and redesigning.

Finally, the process of experimenting encompasses characteristics such as
investigating, tinkering, and solving problems. It is widely accepted that engaging in
these processes are beneficial for children’s creativity (Chesky & Wells, 2017,
Cooper, 2018; Cremin et al., 2018; Joubert, 2022; Smith & Smith, 2016; Thompson,
2017). For instance, Cooper (2018) states, “we learn to be creative by
experimenting” (p. 645) while Thompson (2017) explains how the thinking of
learners in primary and secondary classrooms becomes more independent when they
engage in problem-finding and problem-solving. This links to the first characteristic
of agency, reinforcing the framework’s interconnectedness (Joubert, 2022).
Additionally, the practice of predicting is referred to alongside that of experimenting
for Foundation to Year 10 learners within the Australian Curriculum (ACARA, n.d.-
a). This highlights the value placed on this skill; however, Falloon (2016) suggests
that too much time spent on predicting could hold 5- and 6-year-old children back
from overall progress, and needs to be balanced with risk-taking. Predicting is not
specifically mentioned within the A-E of Children’s Creativity framework, although
wondering, questioning, engaging in ‘what if* thinking, and investigating are related

characteristics that are listed as part of the creative thinking process.
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2.3.3 Demonstrations of creativity

Researchers have observed the ways in which children demonstrate creativity during
face-to-face STEM activities by using the A-E of Children’s Creativity framework as
a lens of analysis (Murcia & Oblak, 2022; Murcia et al., 2020; Tippett & Yanez
Gonzalez, 2022). Initially, Murcia et al. (2020) collaborated with educators from an
Australian university’s early years centre to observe children aged 3 and 4-years-old
as they used BeeBots and iPads. They analysed episodes through the lens of the 4-E
of Children’s Creativity framework, finding that children demonstrated the five
processes at different activity stages. Specifically, they noted that agency and

experimenting were most frequently observed.

Further, Tippett and Yanez Gonzalez (2022) examined children aged 18
months to 5-year-olds in a Canadian early childhood centre. They observed the
young learners as they participated in daily activities, analysing episodes in which
children engaged in STEM activities for evidence of creativity. Such activities
included experimenting with wheelbarrows, ramps, and slides. The researchers found
that children demonstrated all five processes during the episodes indicating the

potential of physical STEM activities to offer creative opportunities.

Finally, Murcia and Oblak (2022) conducted action research in a Western
Australian early years centre where they observed children’s self-instigated
constructions, before the children were presented with a specific design challenge.
They observed processes of children’s creativity during these observations, such as
being curious, connecting, and experimenting. When the educator intentionally
introduced the design process and inquiry questioning strategy, the children were
engaged for longer periods of time and demonstrated a greater range of creative
processes. This aligns with the use of demonstrations in teaching science, which have
been shown to motivate learners by increasing interest and engagement (Treagust,

2013).

These three research projects utilising the A-E of Children’s Creativity
framework indicate that the framework is an effective lens through which to analyse
children’s demonstrations of creativity. They also contribute to the body of

knowledge around children’s creativity, and the positive learning experiences that
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come from engaging in STEM activities. However, the framework does not reference
focus, a process which has been identified in other research relating to children’s

creativity (Tippett & Yanez Gonzalez, 2022).

2.3.4 Focus

The notion of focus has been explored in relation to creativity within concepts such
as flow, engagement, and attention. Regarding flow, Tippett and Yanez Gonzalez
(2022) found the A-E of Children’s Creativity framework to be “appropriate for
analysing episodes of creativity within young children’s STEM learning
experiences” (p. 146). However, they stated that missing from the framework was
‘flow,” described as the state of being fully focused and immersed in the creative
process (Nakamura & Csikszentmihalyi, 2002). Although missing from the
framework, they noted it was not missing from their observations. While attention
and focus are not explicitly included in the A-E of Children’s Creativity framework,
academics have pointed to the connection between children’s attention and
engagement and its links to creativity (Cremin et al., 2018; Glauert & Stylianidou,
2022; Martindale, 1999; Steele et al., 2017). Cremin et al. (2018) recognised that
learners aged 3 to 8-years-old can experience flow while engaging in creative
activities, and that this flow is sustained when learners are given agency over the
activity. It has also been argued by Craft (2003b) that ‘What if” thinking is often
experienced unconsciously in the flow of engagement. These observations point to
the way flow can be interconnected with the creative processes of agency and being
curious. Further, additional time and attention can contribute to more detailed STEM
solutions (Cremin et al., 2006), while eye gaze is often used as a measure of visual
and auditory attention, even with kindergarten children (Fisher et al., 2014).
Researchers have also noted that children may express their creative thinking and
ideas through non-verbal forms of communication such as gestures (Goldin-
Meadow, 2009), as well as drawings or actions (Glauert et al., 2013). Across these
fields of research there appears to be an understanding of the importance of focus in
children’s creative thinking; however, there is a noticeable gap in incorporating focus

explicitly within creativity frameworks and studies.
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2.4 STEM AND CREATIVITY

The following section explores the intersection of STEM and creativity in an early
years context. This includes outlining STEM pedagogies in the classroom; the
creative experiences of doing STEM at home; and the creative outcomes of engaging

in online STEM and theatre performances.

2.4.1 Understanding STEM in the context of creativity

STEM is an acronym representing the four disciplines of science, technology,
engineering, and mathematics. First introduced in the late 1990s by the National
Science Foundation in America (Blackley & Howell, 2015), it was hoped that STEM
would lead to the development of increased skills within these areas, resulting in
more people qualified to fill job gaps in STEM-related industries (Office of the Chief
Scientist, 2013). Further to the economic and political reasons for STEM, it has been
found that these learning experiences offer the potential to increase children’s
motivation, interest, and engagement at school (De Loof et al., 2021; Nadelson &
Seifert, 2017). As such, countries around the world have invested in STEM
education. For instance, in America, the U.S. Department of Education invested 279
million dollars to further STEM and computer science education (Wan et al., 2021).
In Australia, the federal government has consistently invested in STEM education in
recent years (Australian Government, 2024; Department of Education, 2018; Science
& Technology Australia, 2021). Similarly, policy advisors in the UK and Hong Kong
made commitments to strengthen STEM education in their schools (Department for

Education, 2020; Education Bureau, 2022).

Despite the broad consensus to invest, there exists a range of perspectives
around how to define and implement STEM education into schools (Bybee, 2013;
Pitt, 2009; Rasul et al., 2018). However, it has become widely accepted that STEM
learning refers to an integrated approach, with real-world application that has a focus
on transferable skills and competencies (Aguilera & Ortiz-Revilla, 2021; Blackley et
al., 2018; Fairhurst et al., 2023). One definition that epitomises this generally-held
view, and as such is accepted for the purposes of this thesis, comes from Kelley and

Knowles (2016):
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The approach to teaching STEM content of two or more STEM domains,
bound by STEM practices within an authentic context for the purpose of
connecting these subjects to enhance student learning (p. 3).

STEM learning experiences are regarded as opportunities for fostering children’s
creative thinking (Cremin et al., 2018; Tippett & Yanez Gonzalez, 2022; Wan et al.,
2021). Specifically, it has been identified that STEM activities provide opportunities
for children to apply their knowledge from different perspectives, solve problems,
and collaborate with others, which in turn fosters their creativity (Bagiati &
Evangelou, 2015; Stone-MacDonald et al., 2015). This section explores STEM in an
early year’s context, STEM teaching strategies, home-based STEM learning

experiences, and STEM online educators and theatres.

2.4.2 STEM in an early years context

Introducing children to STEM learning experiences from a young age can positively
impact their academic futures. Early years learning has a significant and long-lasting
effect on children’s cognitive and academic achievements (Campbell et al., 2001;
Wan et al., 2021). Specifically, researchers have identified the ‘golden age’ of
creativity is in preschool years (Alfonso-Benlliure et al., 2013; Uret & Ceylan, 2021;
Wan et al., 2021), and that their engagement in STEM education at this time is
positive, and the effect permanent (Uret & Ceylan, 2021). As a result, young children
are equipped with the knowledge and skills needed for more complex STEM
concepts in later years (Geary et al., 2013; Lind, 1998; Locuniak & Jordan, 2008).
The positive impact of STEM activities on fostering young children’s creativity was
a contributing factor for choosing Scitech’s STEM activities as the context for this

study.

It has been noted how young children are innately curious, creative, and
collaborative; all characteristics needed to participate in integrated STEM education
(Banko, 2013; Cremin et al., 2018). They also have a natural disposition to analyse,
hypothesise, and predict, as well as work with materials, experiment, and problem-
solve (DeJarnette, 2018; Katz, 2010). They naturally engage in engineering practices
such as creating and manipulating objects (English, 2018; Lippard et al., 2019;
Strawhecker et al., 2023), and are persistent and determined when building designs

(Van Meeteren, 2015). This aligns with the nature of STEM learning, which
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emphasises problem-solving, reasoning, and critical thinking (Simoncini & Lasen,
2018). Yet, children are known to not always solve problems or complete tasks in the
expected manner (Bers et al., 2019), which aligns with the novelty aspect of
creativity. Additional elements of STEM education in an early years context include
posing a problem or challenge to be solved, with a focus on processes - critical
thinking, experimentation, proof, and reasoning - and providing a meaningful
experience where children make connections between the STEM content and the

world around them (Linder et al., 2016).

2.4.3 STEM pedagogies
The following section explores STEM pedagogies, including constructivism; activity

structure; agency and intentionality; physical resources; and constraints.

2.4.3.1 Constructivism

A key principle underpinning early childhood education is that of constructivism
(Dietze, 2006). It is generally understood that children are active participants in the
construction of their own knowledge (Lippard et al., 2017; Morrison, 2018; Piaget &
Cook, 1952; Vygotsky & Cole, 1978). For instance, Vygotsky and Cole (1978)
presented ideas about the importance of play, active learning, socially mediated
knowledge, and the role of a more knowledgeable other. This has had a significant
influence in the field of early childhood education (Tippett & Yanez Gonzalez, 2022;
Van Hoorn, 2014). Additionally, Lippard et al. (2017) found, through their review of
published engineering research involving 3- to 5-year-olds, that their engineering
thinking was promoted when informed by their educator’s knowledge of

constructivist learning theory.

2.4.3.2 Activity structure

Existing research has identified strategies for implementing effective STEM learning
experiences in face-to-face contexts. Wan et al. (2021) conducted a systematic
literature review into STEM education for children aged three to eight. In terms of
activity structure, they found activities could be broadly categorised into the
following: programming robots, traditional engineering design, digital games, and
comprehensive approaches. While their review was thorough in its explanation of

each approach, only eleven studies fit their criteria, and no studies appeared to
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explore creativity as a specific learning outcome. The programming robots approach
was found to naturally combine technology and engineering, as children in pre-K
through to 2™ grade manipulated robotic kits and wrote programming commands
(Kazakoff et al., 2013) while digital games can help preschool children learn about
science or maths concepts (Aladé¢ et al., 2016). Traditional engineering design
approaches however do not rely on digital technologies for the process of producing.
Instead, these activities included following the five-step engineering design process
of ‘ask, imagine, plan, create, and improve’ (Malone et al., 2018), and included
challenges such as designing a paper basket to transport wet and dry rocks (Tank et
al., 2018). Finally, a comprehensive approach involved children participating in
several different activities. For instance, Aldemir and Kermani (2017) engaged pre-K
children in three science-based units that also included engineering activities, such as
building a bridge, as well as participating in digital games. They reported that
engaging in a combination of STEM activities could potentially benefit children’s

proficiency in mathematics, science, and engineering (Aldemir & Kermani, 2017).

Beyond the four approaches outlined in the review by Wan et al. (2021), it is
common for STEM education to adopt open-ended, inquiry-based approaches
(Committee on Integrated STEM Education, 2014). Elaborating on this, Larkin and
Lowrie (2023) identified teaching approaches typically associated with STEM
education: design-based, inquiry-based, project-based, and problem-based learning.
While sharing similarities, each approach has its own unique characteristics. Design-
based learning usually includes a cyclical, reiterative set of stages. Children are
asked to explore a real-world problem, brainstorm solutions, then test, review, and
refine prototypes of their solution (Kim et al., 2015; Taylor, 2016; Turkka et al.,
2017). This approach encourages children to collaborate, communicate findings, and

draw upon previous knowledge (Lovejoy et al., 2021).

Definitions of inquiry-based learning vary (Bybee, 2010), with differences
often represented as a continuum from educator-directed to child-centred approaches
(Anderson et al., 2019; Calder et al., 2020). Distinguishing inquiry-based learning
from project- and problem-based learning is the cyclical scientific method of the SEs:
Engage, Explore, Explain, Elaborate, and Evaluate (Bybee, 2010). Inquiry-based

learning can take place over a shorter period of time, and incorporate greater

39



scaffolding by educators compared with project- and problem-based learning (Larkin

& Lowrie, 2023).

Project-based learning involves children investigating an authentic problem
or challenge for a sustained period of time (Lowrie et al., 2017). Educators support
children to create connections with their prior knowledge (Dierdorp et al., 2014).
Similarly, problem-based learning involves children working to solve open-ended
problems; however the distinguishing feature is that the problem relates to the child’s
real-life experiences, are posed by the children, and challenge them to think
differently when finding solutions (English & Mousoulides, 2015). Problem-based
learning normally occurs over several weeks (Albion, 2015). These approaches offer
ways for children to demonstrate processes of creative thinking, through intentional

provocations and time for creative exploration.

2.4.3.3 Agency and intentionality

Providing a balance between structure and freedom can give learners a sense of
agency as they undertake STEM activities. This is mirrored in the balance between
play-based learning and intentionality, two approaches advocated in the early years.
This is seen within Australia’s Early Years Learning Framework version 2, which
along with play-based learning, advocates “intentionally scaffold[ing] children’s
understandings, including description of strategies for approaching problems”
(Australian Government Department of Education, 2022a, p. 53). The same
sentiment has been included in the Framework for School Age Care in Australia
(Australian Government Department of Education, 2022b). These intentionality
strategies include “asking questions, explaining, modelling, speculating, inquiring
and demonstrating” (Australian Government Department of Education, 2022a, p.
22). Research has demonstrated the value of including intentionality within early
years STEM activities (Eshach & Fried, 2005; Kallery, 2004; Lippard et al., 2017;
Murcia & Oblak, 2022). In a systematic literature review into engineering thinking in
children aged 5 or under, Lippard et al. (2019) found that “intentionality is crucial in
promoting children’s engineering thinking” (p. 465). Balancing intentionality with
agency was explored in a Western Australian study by Fairhurst et al. (2023) whose
Year 5 participants said they preferred when classroom teachers did not give them

answers immediately, but rather gave them opportunity to trial a range of solutions.
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This aligns with research by Lombardi et al. (2021) who noted the significance of
giving learners agency in STEM education to enable them to leverage prior

knowledge, create and experiment, and engage in hands-on investigation.

2.4.3.4 Physical resources

Providing hands-on resources for young children to engage with is an important
component of early childhood learning, STEM education, and creative development
(Beghetto & Kaufman, 2014; DeJarnette, 2018). The use of familiar materials such
as common household and construction items like pipe cleaners, alfoil, and masking
tape have been advocated for by Campbell et al. (2018) in their investigation into
STEM in early year pre-school centres. Similarly, Year 5 children interviewed by
Fairhurst et al. (2023) spoke of enjoying hands-on learning, and wanted more
opportunities to physically create and play, explaining how it was more effective
than, “just like, watching videos or writing stuff down” (p. 17). This pedagogical
approach to STEM education aligns with those supporting creativity, by providing
children the opportunity to explore, create, and investigate with tangible resources to

create solutions.

2.4.3.5 Constraints

Constraints to STEM education include concerns raised by educators around
insufficient resources to use during STEM activities (Jamil et al., 2018; John et al.,
2018; Park et al., 2017). Another unexpected constraint that emerged during a study
by Hudson et al. (2015) was that Year 4 students encountered challenges with fine-
motor coordinator tasks when working with physical materials, for instance trying to
construct a frame using pipe cleaners, leading to pressure on educators to provide

sufficient support.

Aside from resource constraints, other constraints have been raised by
educators. In their systematic literature review, Wan et al. (2021) found the most
frequently mentioned challenge to implementing STEM education was time
constraints. This was also found to be a challenge among the educators interviewed
by Fairhurst et al. (2023). This is problematic, given that having time to explore,

create, and innovate is crucial in early years learning and creative development
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(DelJarnette, 2018). Additionally, educators have identified a lack of professional
development leading to low self-efficacy to implement STEM in classrooms (Park et
al., 2017). Regarding collaboration, it has been found that while children are engaged
when working independently on STEM designs, they can lack confidence in their

own ideas.

2.44 Home-based STEM learning experiences

Home-based learning is a phenomenon that encompasses the period of children being
at home in early years learning with parents. It also has more recently referred to
children being at home while engaging in emergency remote learning. Previous
studies have found that parental engagement has positive effects on children’s
achievements in STEM (Ing, 2014; Perera, 2014), particularly when they support and
promote key skills such as persistence, attention, and problem-solving (Lang et al.,
2014; Milner-Bolotin & Marotto, 2018; Strawhecker et al., 2023). Similarly, Tippett
and Milford (2017) found during a home-based study that carefully designed STEM
activities can result in positive experiences for preschool-aged children. Further,
parents surveyed in Tippett and Milford’s (2017) study noted an increase in their
children’s STEM skills of questioning and exploring following their involvement in
early childhood STEM education. Similarly, Tay et al. (2017) found that following
STEM interventions, pre-K children were more receptive to situations deemed as
challenges. These examples collectively highlight the positive impact of children
engaging in STEM learning experiences at home with the supervision and

participation of their caregivers.

It was found during emergency remote learning that caregivers working
closely with primary-aged children were able to support their learning potential and
provide feedback. As one mother surveyed in a study by Kalman et al. (2023) said,
“our interaction and communication have become stronger...We can do more things
together” (p. 638). However, educators in the same study felt that not every home
could be successfully turned into a learning environment, due to the “order of each
home, the resources available, parental attitudes, and student behaviours” (p. 637).
To create a successful physical learning environment at home, parents in the survey
reported providing a quiet, personal space with a table for materials to be set-up on

was most beneficial.
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2.4.5 STEM online educators and theatre performances

While STEM learning experiences can occur in a classroom setting under the
direction of the classroom educator, they are also delivered through STEM online
educators. There are countless STEM outreach programs that promote connection
with STEM industries, including citizen science activities, coding clubs like
CoderDojo, and challenges such as STEM video game challenge. Further, galleries,
libraries, archives, and museums (GLAMs) are known for providing a wide range of
STEM activities (Timms et al., 2018). These outreach activities can have positive
learning outcomes for children. For instance, in a study by Vennix et al. (2017)
focusing school-aged students, participants held positive perceptions of the outreach
learning environment compared to their regular school science course. From a
creativity perspective, Davies et al. (2013b) found in their systematic literature
review into children’s creativity, that creative environments were also characterised
by collaboration and involvement with outside agencies, either by visiting those

venues or bringing experts into the classroom.

It has been established that viewing live theatre performances can engage
young children, drawing emotional responses from them, such as empathy (Jackson
& Vine, 2013; Jayakumar, 2020; Klein, 1995; Schiller, 2005). Research conducted
by Schiller (2005) with young Australian children found that watching live theatre
performances captured their interest, was memorable, and drew emotional responses.
For instance, one of the participants said, “my friend had tears in her eyes, but they
weren’t running down” (p. 548) while watching a live performance of Brundibar.
Similarly, results from an empathy study with young children by Klein (1995)
revealed that they cared and felt compassion for characters observed during live
theatre productions. In turn, this encouraged children to respond creatively, using
their imaginations to plan, organise, and create art themselves (Schiller, 2005). The
use of live theatre performances by STEM outreach programs are opportunities to
engage children and provide a foundation from which they can foster their creative

thinking.
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2.5 ONLINE LEARNING
The following section explores online learning, specifically definitions of online
learning; benefits; online learning pedagogies; challenges; and online learning in an

early years context.

2.5.1 Defining online learning

While there has been an acceleration in the number of children engaged in online
learning over recent years, there is still much to learn (Barbour et al., 2020).
Specifically, there is a gap in understanding around the pedagogical strategies that
foster positive learning outcomes aligned with early childhood education policies.
Distance education has evolved through various stages: correspondence; broadcast
radio and television; open universities; teleconferencing; and the Internet (Saqlain et
al., 2020). However, online learning in a K-12 context began in the late 1990s due to
an evolution in technology which made it feasible (Clark & Barbour, 2023).
Specifically, the rise of the personal computer and their connectivity to the Internet
and various platforms and apps created possibilities by offering higher quality
interactions and multimodal communication (Borup & Kennedy, 2017; Buckingham,
2017). As a result, countries including the United States, Canada, the United
Kingdom, Australia, and New Zealand had their own K-12 online learning programs
well before the COVID-19 pandemic (Ames et al., 2021; Barbour & Reeves, 2009).
The affordability of hardware, a growing number of learners with individual learning
needs, and societal changes have all contributed to the rise in online learning around

the world (Barbour, 2018; Davis & Roblyer, 2005).

Several terms are often used interchangeably with online learning. These
have previously included: virtual schooling, e-Learning, cyber learning, online
distance education, electronic learning, and web-based learning (Saba, 2005). More
recently, terms such as emergency remote teaching, and remote learning (Bozkurt &
Sharma, 2020; Daniel, 2020; Hodges et al., 2020) have been used in relation to the
COVID-19 pandemic. Common to each of these terms is that they “refer to the
delivery of education in which digital technology and the Internet are used to deliver
instruction and to facilitate communication among participants” (Saqlain et al., 2020,

p- 39). However, a key distinction of emergency remote teaching is that rather than
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be planned from the beginning for online delivery, as online learning is, emergency

remote teaching instead is a:

temporary shift of instructional delivery to an alternate delivery mode due to
crisis circumstances. It involves the use of fully remote teaching solutions for
instruction or education that would otherwise be delivered primarily face-to-
face and that will return to that format once the crisis or emergency has
abated (Barbour et al., 2020, p. 6).

Arguably the most prominent example of emergency remote teaching occurred
during the COVID-19 pandemic. At its peak, more than 1.6 billion children and
youth were affected by school closures, and of these, 463 million children were
unable to access remote learning (UNICEF, 2022). Understanding the distinction
between online learning and emergency remote teaching highlights the complexities

of online education, assisting with more informed learning approaches.

There are two forms of online learning, synchronous and asynchronous.
Synchronous online learning involves real-time communication between educators
and learners, whereas asynchronous occurs in delayed times and does not rely on
simultaneous access (Doz et al., 2023; Johnson, 2006; Oztok et al., 2013). Examples
of synchronous online learning includes learners and the educator joining a live
Zoom, Webex or Microsoft Teams meeting, whereas asynchronous could include
learners accessing a platform such as Blackboard to download pre-recorded videos

and activities.

2.5.2 Benefits of online learning

There are several reasons why online learning can be beneficial to learners. Firstly,
online learning offers access to education for learners who need flexible schedules
due to disabilities or disciplinary problems; who are home schooled; or who have
limited curriculum in their own school (Archambault et al., 2022; Saqlain et al.,
2020). Further, key opportunities arise for children living in regional and remote
areas. It is understood that attracting and retaining qualified educators is an ongoing
issue in regional and remote areas (Monk, 2007), and it can also be challenging and
expensive for these schools to offer specialists for small numbers of learners

(Stevens, 2013). Therefore, online learning provides the potential to offer a wide
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range of learning opportunities through highly-qualified educators (Jimerson, 2006).
With this increased demand comes the need for skilled educators who can understand

and apply the principles of effective online pedagogy (Archambault et al., 2022).

2.5.3 Online learning pedagogies
The following section provides an overview of online learning pedagogies, including
active learning; building rapport and engagement; questioning; technology

considerations; and synchronous vs. asynchronous learning.

2.5.3.1 Overview

Online pedagogy consists of the methods, techniques, and strategies used to teach
content via the Internet (Brennan, 2003). Research into online learning has illustrated
that the skills and knowledge required to teach in a face-to-face classroom learning
environment differs greatly from those required in an online learning environment
(Pulham & Graham, 2018). In delivering effective online learning, educators must
bridge the gap between time and space to foster a positive relationship, understand
learner needs, and tailor the learning so that it is both relevant and accessible to

learners (Borup et al., 2020; McCombs, 2001).

2.5.3.2 Active learning

There are numerous studies, theories, models, standards, and evaluation criteria that
focus on quality online learning (Barbour et al., 2020). For example, a study by Hew
(2018) reviewed ten highly-rated Massive Open Online Courses (MOOCs) used in
higher education and identified four contributing factors of effective online learning:
problem-centric learning, active learning, course resources, and instructor attributes.
Archambault et al. (2022) reviewed and cross-referenced the literature related to
online and blended teaching competencies in schools and identified five key pillars
as essential elements of effective online pedagogy: build relationships and
community; incorporate active learning; leverage learner agency; embrace mastery

learning; and personalise the learning process.

Incorporating active learning is one of the characteristics that is common to

these various models. Active learning involves learners making connections with the
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content. Archambault et al. (2022) described active learning in STEM online

learning environments as offering learners:

the opportunity to leverage their prior knowledge and experiences to make
direct observations, create and manipulate scientific models, and engage in
domain-specific practices as scientists would. Such practices include solving
open-ended problems, analysing data, running experimental investigations,
and creating plausible explanations (p. 184).

Further, learners benefit from developing their own agency and taking responsibility
for their learning (Archambault et al., 2022). Within a face-to-face classroom
environment, educators scaffold and assist students to manage content, monitor what
needs to be done, oversee the learning environment, promote student reflection and
evaluation, and provide ongoing feedback (Ley & Young, 2001). Within an online
learning environment, learners need to use greater self-regulated learning strategies
to stay on track, and seek assistance when necessary, while the educator must be
strategic in the actions they take to help learners develop and foster self-regulation,
and build their independent learning skills (Archambault et al., 2022). The other
common characteristic of these models is that of relationship building between

educator and learners.

2.5.3.3 Building rapport and engagement

Building a positive relationship between the educator and the learner is vital to
effective online pedagogy (Borup et al., 2020; Dyer et al., 2018; Garrison &
Arbaugh, 2007). While engagement is often positively related to many student
learning outcomes (Fredricks et al., 2005; Meyer, 2014), in online education
engagement is even more important as it can be more difficult to engage with
learners (Bolliger & Martin, 2018; Hew, 2018). Firstly, it is essential for the
educators themselves to be engaged (Deschaine & Whale, 2017; Hew, 2018;
Pittaway, 2012). The educator needs to create and support a learning community in
which learners feel connected (Kaufmann & Vallade, 2022; Picciano, 2002). Within
a face-to-face classroom environment, creating bonds may come naturally, whereas
in an online environment it may take deliberate effort to know the learners (Borup et
al., 2020) as the limited physical interaction can pose challenges for building rapport

and personalising interactions (Ong & Quek, 2023). Negrette et al. (2022) found in
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their study into early years educator perspectives during the COVID-19 pandemic in
Hong Kong that educators needed to adapt and seek new strategies to get to know
learners. The educators interviewed noted how it felt different to be delivering online
as opposed to in person, with one commenting, “this year, when I sing, I feel very
alone on the screen, and so that’s what made me feel a bit awkward” (p. 546). Ong
and Quek (2023) found secondary school students appreciated it when educators

paused and checked their understanding, and patiently addressed their doubts.

Finally, the role of peers is important in engaging others within an online
learning environment. “Peer support and engagement are likely to be reciprocal”
(Fredricks et al., 2005, p. 76) with positive peer support like praise or encouragement
increasing learners’ motivation (Montgomerie et al., 2016; Rautanen et al., 2021),
and enhancing their self-esteem (Tait, 2000). By comparison, negative peer relations
can reduce learner engagement (Rautanen et al., 2021). The literature demonstrates
the importance of learners developing positive relationships with both their educator

and other learners while in online learning environments.

2.5.3.4 Questioning

Wang et al. (2023) identified that adult learners in online learning environments do
not often spontaneously interact with the educator, and often fail to find proper time
to ask questions. Strategies asserted by Lakhal et al. (2020) to overcome this include
educators having remote lecturing skills such as talking to the webcam, pausing for a
while during a lecture to invite questions, or inviting silent learners to participate by
calling their names. Further, due to the small window size of streaming videos on a
computer screen, educators often rely heavily on verbal language and positive tone
as a strategy to engage learners, like warm greetings (Lakhal et al., 2020), using open
and inclusive language (Romero-Hall & Vicentini, 2017), joining the meeting room
earlier to welcome learners (Bower et al., 2015), setting aside time for chit-chat
(Ong & Quek, 2023), and demonstrating a sense of humour (Hew, 2018; Pentaraki &
Burkholder, 2017). They can also help foster a positive socio-emotional climate by
providing support and encouraging learners (Kurt, 2022), incorporating non-verbal
cues like using smiles or onscreen emoticons to establish immediacy with learners

(McArthur, 2022). This all highlights the nuances of online learning environments,
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and the unique strategies that need to be considered by educators teaching in this

way.

2.5.3.5 Technology considerations

To create an effective online learning environment that allows for collaboration, the
necessary infrastructure must be available, such as devices with Internet connection,
cameras, and microphones. Aside from stable Internet connection and a device,
research has emphasised that audio must be clear because unwanted noise could
affect a learner’s concentration (Cloonan & Hayden, 2018; Conklin et al., 2019;
Cunningham, 2014). Further, keeping the camera on helps learners visually indicate
their attendance and participation (Ewing & Cooper, 2021; Wang et al., 2018). The
space should also be quiet without distractions (Cloonan & Hayden, 2018; Olt, 2018;
Vale et al., 2020; Zydney et al., 2019). Wearing headsets with a built-in microphones
helps minimise interference from noisy surrounding areas for adult learners
(Angelone et al., 2020; Lakhal et al., 2020). These strategies acknowledge and
highlight the unique considerations to be made when learning online as opposed to a

physical classroom environment.

2.5.3.6  Synchronous vs. asynchronous

Research consistently highlights the advantages of synchronous online delivery, in
terms of its ability to offer instant feedback, improve educator-learner interactions,
and promote peer collaborations (Maor et al., 2023; Ong & Quek, 2023; Wang et al.,
2023). Platforms such as Zoom have been specifically identified as effective in
increasing learners’ motivation in primary school (Maor et al., 2023). Often,
synchronous delivery is used to emulate what happens in the face-to-face classroom

environment (Guo, 2020; McArthur, 2022).

Regarding asynchronous delivery, secondary school participants in a study by
Ong and Quek (2023) felt that asynchronous lessons lacked interactions, they felt
more disengaged, and were limited in their ability to ask questions immediately.
However, the systematic literature review into online learning experiences conducted
by Bond (2020) found no clear difference between using asynchronous and

synchronous methods, “but rather it was the quality of the teaching that was the most
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important, with a focus on clear explanations, scaffolding, and providing effective
feedback” (p. 193). As such, educators currently make use of both forms of
communication, with little guidance as to which method is most suitable in an early

years’ context.

2.5.4 Challenges with online learning

Numerous challenges have been identified with online learning. For example, Doz et
al. (2023) identified seven categories of primary and secondary school student
difficulties according to educators: problems in using technologies; impoverishment
of social relationships with educators and peers; difficulties regarding independence,
motivation and attention; lack of support from family members; and problems with
routine adherence. Additionally, there is an abundance of research around the
challenges of online learning, much of it was in the context of emergency remote
learning during the COVID-19 pandemic. For instance, the perception that online
learning was “boring” or “passive” prevailed among numerous study participants

(Dong et al., 2020b, p. 7; Inan, 2021, p. 7).

A lack of feedback and responsiveness has been identified as a key challenge
for online learning. Secondary school learners involved in a study by Ong and Quek
(2023) stated that they enjoyed interacting and engaging through group work and
discussions, as well as with their teacher; however, there were fewer opportunities
for these interactions online. Learners also noted the lag time in receiving help and
how difficult it was to raise questions in the middle of a live online lesson (Ong &
Quek, 2023; Russo, 2021). Compared with the face-to-face learning environment,
online learning did not provide for the same level of educator guidance (Barbour,
2018). Educators themselves have identified the inability to provide individualised
support as a problem of online delivery across several studies and countries (Phillips

etal., 2021; Woltran et al., 2021).

Technology constraints have been consistently raised as an issue for
implementing successful online learning (Adedoyin & Soykan, 2023; Ong & Quek,
2023; Ozudogru, 2021; Russo et al., 2021). Although technology is a tool that
enables educators to deliver content and learners to communicate with one another, it

becomes a limiting factor when it does not work as expected, such as not providing a
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stable Internet connection (Wang et al., 2023). These impacts were noticeable during
COVID-19 emergency remote teaching, where Australian educators reported that
unreliable Internet impacted children’s learning and engagement (Fray et al., 2022;
Page et al., 2021; Van Bergen & Daniel, 2022). Findings by Fray et al. (2022) in
particular, acknowledged that educators in regional and remote schools of Australian

faced additional burdens related to unreliable Internet access.

Further, students’ lack of focus has been identified as another online learning
challenge (Raja & Nagasubramani, 2018), both during COVID-19 emergency remote
learning and previous distance learning (Adnan & Anwar, 2020; Almazova et al.,
2020; Lauret & Bayram-Jacobs, 2021; Muilenburg & Berge, 2005; Turner et al.,
2020; Twenge & Campbell, 2018). It has been suggested that young learners may
lack the metacognitive skills to use various online learning platforms, maintain
engagement in synchronous online learning, develop and execute self-regulated
learning plans, and engage in meaningful peer interactions during online learning
(Barbour, 2018; Broadbent & Poon, 2015; Wang et al., 2013). Finally, a challenge
for families and caregivers was the struggle to stay engaged with their child’s school
and learning during the COVID-19 pandemic, given their need to balance other
responsibilities as well as insecurities about content knowledge, and emotional
implications and effects of emergency remote learning (Garbe et al., 2020; Negrette
et al., 2022). While the literature presented provides a foundational understanding of
effective pedagogies and considerations for online learning, it is crucial to explore

how these principles apply within the unique context of early years education.

2.5.5 Online learning in early years context

The previous section provided a comprehensive overview of current effective
pedagogies and challenges relating to online learning. However, the findings shared
thus far have almost exclusively been drawn from studies involving older learners in
university environments. They provide an important overview and context for the
nature of online learning in general, but do not necessarily provide specific insight
into online learning in an early years context. Where K-12 students have been
included in the research, secondary students have been prioritised (Bond, 2020;
Harvey et al., 2014; Maslin et al., 2023). This is exemplified by the findings from
Bond (2020) into the global published literature on COVID-related online learning.
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Of the 80 studies published that focused on K-12 settings, secondary schools
featured in 78% of the articles; primary schools in 62%; and kindergartens in just
10%. Of these, only one article exclusively focused on the kindergarten context. The
limited amount of research regarding online learning in the early childhood space

results in limited understandings about its impact or potential for children’s learning.

Understanding the differences in how younger children learn, and the
different expectations placed upon them is important. Delivering online learning to
them in the same as an older students could hinder their learning experiences (Yan et
al., 2021). Children’s voices are often underrepresented in educational research, and
it is important to include them further as this helps develop knowledge that can make
these areas of education more robust (Keaton & Gilbert, 2020). The following is an
extract, shared with permission, from the systematic literature review conducted by
Maslin et al. (2023). This review explored the challenges and opportunities for

educators in fostering young children’s creativity in online learning environments.

2.5.5.1 Systematic Literature Review

The aim of this systematic literature review was to examine the challenges and
opportunities for educators in fostering young children’s creativity in online learning
environments. To achieve this, the research was broken into two phases. In the first
phase, multiple database searches were completed to extract research articles about
young children learning online. In the second phase, multiple keyword searches were
conducted on the extracted articles to identify references to creativity. The keywords
used in this search were sourced from the A-E of Children’s Creativity framework
and included characteristics of children’s creative processes: agency, being curious,

connecting, daring, and experimenting.

In phase one, searches were carried out in Scopus, Proquest, Web of Science,
Emerald, Informit and PsychInfo (OVID) databases. The following search terms
were applied when executing the search: ("k-12" OR "Children" OR "Early
Childhood" OR "Primary School" OR "Elementary School" OR "Early Learning"
OR "Nursery" OR "Preschool" OR "Pupil") AND ("Online pre/0 Teaching" OR
"Remote Teaching" OR "Online Education" OR "Distance Education" OR "Remote

Education" OR "Online Learning" OR "Distance Learning" OR "Home Learning"
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OR "Remote Learning" OR "Online Distance Learning"” OR "Online Schooling")
NOT ("University" OR "Higher Education" OR "Pre-service").

A citation search of the key text (Murcia et al., 2020) was also conducted to
identify additional articles which may not have been picked up from the database
search. The structure of this review was guided by the Preferred Items for Systematic
Review and MetaAnalysis (PRISMA) Statement (Moher et al., 2009). Criteria for the
database searches included peer-reviewed journal articles published worldwide in
English from 2010. The articles needed to report on empirical research using any
methodology and the content of the research was to focus on the educational
experience of young children aged 4 to 8 in online learning environments. Figure 2.3

provides a graphical representation of the process undertaken.

Figure 2.3
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Using this search strategy, 2841 articles were delivered. Duplicate entries (537) were
removed, and the remaining articles (2304) were screened for suitability based on

their title and abstract. Following this, the full text of remaining articles (895) was
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evaluated. Those containing exclusion criteria were removed, such as articles where
participants fell outside the age parameters, or where the study focused on young
children’s wellbeing rather than learning. As a result of this process, a total of 37

studies remained for analysis.

2.5.5.2 Results
The research included in this systematic literature review were coded in several ways
to extract findings relevant to the research question. These findings are outlined

below.

Year of publication

It is significant, but perhaps unsurprising, that most articles have been published
since 2020. Prior to the COVID-19 pandemic, only three of the 37 articles explored
teaching young children in online learning environments. There was a spike in 2020
(seven) followed by a spike in 2021 (27). This suggests that online learning for
young children has not been a topic at the forefront of practitioners’, and therefore
educational researchers’, minds until the COVID-19 pandemic. The sharp spike in
2021 could be attributed both to the practicalities of conducting research, as well as
the growing concern about the impact on young children’s education as the pandemic

continued into its second year.

Location of studies

Coding by location revealed that although studies emerged from around the world, a
significant proportion derived from the USA. Specifically, 13 of the 37 studies (35%)
were undertaken in the USA, with a relatively high number also occurring in Turkey
(22%). Overall, articles originated from all continents. It is unsurprising that research
has emerged from so many different countries, given the worldwide nature of

COVID-19 pandemic-related school closures.

Research participants

While the focus of the articles retrieved centres around the learning of young
children, most participants were educators and caregivers. Of the 37 articles, 27
(73%) included educators, 12 (32%) included caregivers, and three (8%) included

children as research participants. Several studies included a mixture of two or more
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types of participants. The challenges with engaging children as research participants
and the rapidness with which researchers were collecting data during the COVID-19
pandemic perhaps explains the low number of children actively involved in the

research.

Research methodology

Of the 37 articles, eight (22%) employed quantitative methods, 22 (59%) employed
qualitative methods and seven (19%) employed mixed methods. The reason that
qualitative methods dominate could be attributed to their ability to observe and learn

about experiences.

Technology used for delivery of online learning to children

Coding the retrieved articles provided opportunity to collate data about the different
strategies and experiences of online learning. Data from the results of the included
articles were coded to identify which technology tools were used in early childhood
contexts. These tools were used to communicate directly with children (e.g., using
Zoom to deliver a lesson), as well as communicate directly with caregivers (e.g.,

emailing lesson instructions to caregivers). The results are listed in Table 2.1.
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Table 2.1

Technology used in delivery of online learning to young children

Technology Frequency

—_—

Zoom

Email

Google Classroom
WhatsApp

Phone call

Text messages
Unknown video conferencing
Pre-recorded video
Facebook

Google Meet
Microsoft Teams
YouTube

Canvas

Dojo

Excel

Instagram

Loom

Maths Online
PowerPoint
Unknown digital learning system
Skype

WeVideo
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Table 2.1 reveals that video conferencing, particularly Zoom, emerged as the most
frequently used platform. This could be attributed to the synchronous nature of
Zoom, and how it somewhat resembles a familiar face-to-face learning environment.
This was illustrated by the response of one educator, who explained that video
conferencing was chosen to ensure that children “feel as if they were in their
classroom, they could see the table and chairs and the charts” (Dayal & Tiko, 2020,
p. 344). This aligns with research presented earlier around the benefits of
synchronous communication for older learners. The high usage of email could be
attributed to its prevalence, offering a way of communicating that did not involve

new learning for educators and families.

Frequency of the term ‘creativity’

Table 2.2 lists the frequency of references to ‘creativity’ in the articles. Keyword
searches were carried out across the 37 articles, searching for the keywords listed.
This includes the characteristics, and words associated with each characteristic, as

outlined in the A-E of Children’s Creativity framework. Not included in the table are
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references to the keywords out of educational context. For example, where the
authors stated in their methodology section, ‘the questioning of participants took
place over a one-month period,’ this use of the term questioning was not counted.
Likewise, the term resilience was used in the context of children displaying
resilience in the face of COVID-19-related trauma, but not in an educational context.

As such, these uses of the term were eliminated.

Table 2.2

Frequency of ‘creativity’ terms included in articles

Term Frequency
(No. articles)

Creativity 10

Creativity, creative thinking, creative

Agency 4

Agency, self-determination, purpose, autonomy, personal choice

Curious 3

Curious, questioning, wondering, imagining, exploring, discovering

Connecting 3

Connecting, patterns, reflecting

Daring 0

Daring, persisting, resilience

Experimenting 3

Experimenting, investigating, tinkering, solving problems

The findings of this search highlight how infrequently creativity was mentioned

explicitly by researchers and participants.

2.5.5.3 Themes identified

Several themes emerged in relation to challenges and opportunities for educators in
fostering young children’s creativity in online learning environments: reduced
responsiveness and opportunities for challenge; young children’s age and abilities;
creativity and play; opportunities through activities and technology features; and

opportunities through online mathematics activities.

Challenges for fostering creativity in online learning environments

While creativity was rarely mentioned explicitly in the articles, several
characteristics of creativity were referred to. The notion of providing children with
agency emerged across several studies, as did giving them opportunities to be
curious, make connections, be daring, and experiment. Often these characteristics

were mentioned in the context of a ‘challenge.’ It emerged that educators found it
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difficult to facilitate these characteristics in an online environment. They specifically
noted the lack of differentiation delivered during online learning, instead sometimes
re-teaching existing concepts or adjusting activities, so they were less challenging
(Inan, 2021; Munastiwi & Puryono, 2021; Russo, 2021; Soltero-Gonzalez &
Gillanders, 2021; Kristy Timmons et al., 2021). Research findings suggest the lack of
responsive feedback in online environments hindered opportunities for children to
pursue challenging and creative tasks. Educators noted the nature of online platforms
and technology issues made it difficult to interpret and respond to each child’s
learning needs. Russo (2021) summarised accordingly, “the broad consensus was
that encouraging productive struggle was far more problematic in a remote learning
setting compared with the classroom” (p.6). One educator explained how in a
physical setting they can encourage the struggle, “[educators] know when to come in
and provide a prompt and we know when to hold a prompt back” (Russo, 2021, p. 7).
This was a consistent theme, with one educator from the study by Inan (2021)
commenting, “I do not think that online education provides educators an opportunity
to observe and listen to children pedagogically” (p.8), and another stating, “I found
that online learning lacks interaction, and I cannot get children’s feedback in the
same way as face-to-face learning” (Hu et al., 2021, p. 1523). By being responsive to
children, educators can foster a learning environment that allows children to
experiment, make connections and be daring, characteristics essential to creativity.
However, these studies suggest that educators found this practice challenging in an
online environment and children’s creativity may have been negatively impacted as a

result.

The review of the literature indicated that the capacity of young children to
engage independently in online learning activities could be a barrier in fostering
creativity. Several researchers noted the age of children made it challenging for them
to be given the same level of agency as in a classroom environment. Educators
reported that the experience of online learning gave way to a level of distraction for
the child and it was challenging to hold their focus (Soltero-Gonzalez & Gillanders,
2021; Uzun et al., 2021). For example, educators in the study by Uzun et al. (2021)
reported “[they] were so distracted... with the TV turned on, or they had siblings
there or someone else” (p. 21). In the study by Lau and Lee (2021), ‘children’s lack
of focus/interest’ was the most frequently rated difficulty, selected by nearly 74% of
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kindergarten parents. Another summarised, “as the age group gets smaller, they
cannot focus" (Inan, 2021, p. 7). Further, it was reported that young children
struggled to complete tasks independently, with this being the most common
difficulty cited by parents in a study by Stites et al. (2021). Similarly, Yan et al.
(2021) noted “the low usage of the independent learning methods [in online learning
environments] in early-school-year students may reflect their inability to engage in

independent learning” (p. 2049).

The consequence of these experiences is a lack of opportunity for creativity
to be evidenced, due to the need for tasks to be simplified or requiring extensive
input from the caregiver. This implies a lessening of the child’s agency, a critical
characteristic of creativity. It also suggests that the role of the person being creative
increasingly becomes the adult — including the caregiver - rather than the child. The
lack of evidence-based strategies to design lessons that provide opportunities for
children’s agency and foster experimentation, has resulted in educators adopting

varying strategies ad-hoc.

Opportunities for fostering creativity in online learning environments

However, the potential for fostering young children’s creativity online was
evidenced in some articles. For example, in the study by Soltero-Gozéalez and
Gillanders (2021), participants described characteristics of the most beneficial
activities for young children. These included active participation and child-adult
interaction, learning through unstructured play, learning through discovery, and
choice. These characteristics align with those of the A-E of Children’s Creativity
framework, indicating there is potential for creativity to be fostered in online
learning environments. Further, participants across studies shared examples of
activities with implied creative opportunities. For example, agency was afforded
when an educator asked students to show something from their home that was the
colour brown, “one went and got a jar (of) peanut butter, one girl showed an onion,
one boy showed his teddy bear, one went outside and got his brown dog in front of
the screen” (Dayal & Tiko, 2020, p. 344). In another example, the features of the
technology itself were utilised by an educator who used “the Zoom annotation
feature to engage her students in meetings by having them indicate choices on the

screen” (Schuck & Lambert, 2020, p. 7). These two examples highlight areas of
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opportunity, namely, learning more about the activities to deliver in online learning
environments (i.e., find a brown object), and learning about the features of online
learning environments (i.e., annotation feature in Zoom) that could help foster

creativity.

Three studies explicitly explored the implementation of mathematics
activities in an online learning environment (Kalogeropoulos et al., 2021; Russo,
2021; Schwartz, 2012). While the articles did not explore creativity specifically, they
identified how children were given agency and opportunities to be daring and
experiment. This aligned with what is already known about how mathematics, as a
standalone subject or as part of integrated STEM learning, can foster children’s
creativity (Bybee, 2013; English, 2017; Wan et al., 2021). Kalogeropoulos (2021)
reported that the existing philosophy held by the educator and school towards
mathematics teaching translated to the online environment. For example, some
educators believed prior to online learning that children should have agency in their
learning, and that tasks were appropriately challenging and open-ended. Educators
also encouraged children to engage in outdoor investigations, play games with their
family, and work independently on tasks. This study suggests the attitudes held by
the educator may be as important as the actual learning environment in influencing
how online lessons are delivered. This may support the existing evidence that
‘creative’ educators hold positive views towards creativity and that in turn helps

facilitate the development of children’s creativity (Davies et al., 2013a).

In one of the three studies that occurred prior to the COVID-19 pandemic,
Schwartz (2012) compared the online and offline completion of a mathematics game
among Year 1 children. Schwartz reported “the online students [had] more varied
and thorough representations of their work...[and] the online context afforded deeper
use of the practices of doing mathematics™ (p. 37). This alludes to the potential of
online learning environments to allow for further agency, daring, and
experimentation. The focus on teaching mathematics in an online environment
speaks to the value placed on the mathematics discipline, and the established
research field of mathematics pedagogy. Creativity may be an implicit outcome of
effective mathematics activities regardless of whether they are delivered face-to-face

or online.
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Opportunities associated with play-based learning emerged as a consistent
theme. Specifically, three studies explored play as a central research objective
(Giirbiiz, 2021; O'Keeffe & McNally, 2021; Soloveva & Quintanar, 2021) while
within other articles several educators referenced play as a strategy they employed
during online learning. This demonstrates both the researchers’ and educators’
acceptance of this pedagogical practice and the value they placed on understanding
how it can be successfully implemented in different learning environments. For
example, in a study of over 1000 early childhood educators by McKenna (2021),
72% reported that play-based learning activities were the most beneficial type of
activity during online learning. Likewise, O’Keeffe and McNally (2021) noted that
nearly 82% of educators had encouraged parents to play with children at home
during school closures. Soloveva and Quintanar (2021) reported on how play
changed when online, with considerations such as “children must show all objects [to
the] camera” (p. 127). Further, other educators acknowledged “it is difficult to add
playful strategies in online teaching. I do not have the experience to do it” (Hu et al.,
2021, p. 1525). Prior research has repeatedly confirmed the importance of play for
fostering children’s creativity and the extent that educators implement play in early
education contexts (Craft, 2003b; Tok, 2021). However, what was not acknowledged

within the studies of this review was play’s connection with creativity.

Scope of research identified by the review

When analysing the selected articles through the lens of creativity, several
constraints in the research were noticeable. For instance, it became apparent that
creativity has not been an explicit research focus within the context of online
learning for young children. The research objectives and research questions for each
study showed no reference to the term ‘creativity,” nor its associated terms. The
focus of the articles instead centred on experiences, attitudes, and perceptions of both
educators and caregivers. This is perhaps most succinctly illustrated by some of the

article titles:

e Examining first-grade teachers’ experiences and approaches regarding the
impact of the COVID-19 pandemic on teaching and learning (Uzun et al.,
2021)
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o  When are we going to have the real school? A case study of early childhood
education and care teachers’ experiences surrounding education during the
COVID-19 pandemic (Dayal & Tiko, 2020)

o Caregiver Perspectives on Schooling From Home During the Spring 2020
COVID-19 Closures (Briesch et al., 2021)

o Young children's online learning during COVID-19 pandemic: Chinese
parents' beliefs and attitudes (Dong et al., 2020a)

Further, an analysis of participant responses across the studies showed that fostering
creativity in children was not at the forefront of educators’ minds. In general, when
prompted to discuss their experiences of online learning, participants identified the
varying challenges they encountered, as well as the technology they used, and
routines they implemented. Participants rarely elaborated on the nature of activities,
making it challenging to draw conclusions about the extent to which these activities
may foster creativity. Given the importance placed on creativity across early years
learning guidelines and policies, it is telling that little explicit attention has been paid
to it. However, this perhaps speaks more to context, and the immediate priority of

documenting the experiences of an unprecedented global event.

Another constraint of the research that emerged from the articles was the
consistent approach to investigate online learning as a singular, homogenous activity.
There were few exceptions, with three articles focusing specifically on the learning
area of mathematics and three on the pedagogical practice of play-based learning.
The result of this research approach were ‘conclusive’ statements around the
effectiveness of online learning. For decades, it has been understood that teaching
specific content requires educators to draw upon different pedagogical strategies and
knowledge (Shulman, 1986; Van Driel & Berry, 2010). By not acknowledging these
nuances, the research examined in this review does not offer educators guidance
about quality practice for teaching different content online. Rather, it resulted in
many inconsistencies about the experience and effectiveness of online learning. For
example, it was reported by Hu et al. (2021) that some educators found online
learning a hinderance to interactive learning because “it is difficult for children to
have interaction, hands-on exploration, and learning because the ways of online

teaching are very different from those of real class teacher” (p. 1525). However, a
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participant from a study by Timmons et al. (2021) highlighted the potential of online
learning by explaining, “I think it’s going to give us the opportunity to show them
[the children] independent learning and having questions and how to go about
finding the answers on their own” (p. 894). Differentiating between delivery of
different learning areas, and different activities, would allow researchers to identify

what may or may not work most effectively in online learning environments.

In the few instances where the act of creativity was addressed, it was in
reference to adults rather than children. For instance, Anderson (2020) noted that
“teachers are rising to the challenge [of online learning] by creating creative
assignments” (p. 416). One example presented was that of Chris, a second-grade
educator who adapted his traditional lesson by planting seeds on behalf of his class
and posting photos on Google Classroom so the children could observe and comment
on their growth. The reference speaks to the underlying objectives of the researcher
to explore the educator’s experiences, rather than fostering young key competencies.
Further observations through the lens of creativity might have offered an evaluation
of how such an activity offered opportunities for creative interaction with the

children.

Another example of the adult as the creative person was evidenced in the
2021 study by Soloveva and Quintanar who observed children playing with social
roles in online environments. They found the role of the adult in the learning was
essential, stating “without orientation of an adult, the online play with social roles
will never take place...the adult organises the whole activity of the child” (p. 127).
This is in line with some research around face-to-face play, which shows the
important role the adult plays in developing the quality of play (Devi, 2016; Fleer &
Hedegaard, 2010; Li, 2012).

The one example in which children were referenced as the creative person
was provided by Dayal and Tiko (2020), who described how “children and educators
can demonstrate creativity in virtual sessions” (p. 344). They described a Zoom
session whereby educators facilitated Mother’s Day activities online, which included
a card-making activity, and a dance item performed online. While children were

referenced as demonstrating creativity in the interview, it was notable they were
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mentioned alongside the educator, and that the activities described still relied heavily
on the creative design of the educator. As with the example of Chris, the science
educator, a stronger research focus around creativity might have uncovered the
extent to which the children were creative agents in this activity including how open-

ended or prescribed the art activity and dance choreography were.
2.6 CHAPTER SUMMARY

The literature review has resulted in the creation of a conceptual framework which
underpinned the research design and methods of analysis for this study. The

conceptual framework is presented in Figure 2.4.

Figure 2.4

Conceptual Framework

Constructivism

/\

Levels of creativity Strands of creative practice
(Big-C, Pro-C, little-c, mini-c) (product, person, place, process)

\

Early years learning environments

/\

Online learning environment STEM education

Young children’s demonstration of
creativity during STEM online
learning experiences

This chapter has provided a comprehensive summary of the literature supporting this
study. First, the chapter explored what was known about children’s creativity, before
introducing guiding creativity frameworks. Specifically, the A-E of Children’s

Creativity framework, which will be used as a data analysis tool in this study, was
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outlined in detail. Enabling elements of a physical environment for fostering
creativity were identified. From there, the chapter outlined known strategies for
engaging young children in STEM, highlighting that STEM learning offers
opportunities for creativity. The chapter then explored online learning, its benefits,
and challenges. Finally, the chapter presented findings from the researcher’s
systematic literature review into what is known about teaching young children in

online learning environments.

The review of literature highlighted how STEM education is a suitable way to
foster young children’s creativity, and the strong overlaps that exist between
creativity, STEM education and early years pedagogical strategies. This supports the
researcher’s decision to use Scitech’s STEM sessions as the context for this study.
Further, this chapter has outlined the widely accepted approaches to promoting
creativity within physical learning environments, while also pointing to the lack of
understanding about creativity in online learning environments. Similarly, while
there is a growing understanding of effective online learning pedagogies for older

learners, little research has explored strategies for younger learners.

The researcher’s systematic literature review highlighted further research
gaps. For instance, most of the available literature including young children has been
published in response to the COVID-19 pandemic, with an emphasis on educator
experiences rather than pedagogical strategies. Research has also documented online
learning as a singular, homogenous experience rather than exploring the nuances that
come with different learning areas or activities. Where creativity was referred to, it
was almost exclusively to describe educators as the creative person rather than the
child. Additionally, where the characteristics of creativity were referenced, it was
often to highlight the challenges that come with providing children agency, and
opportunities to experiment and be daring within an online environment. However,
there were indications that online learning could present opportunities for children to
be creative. Specifically, opportunities arose through the design of the learning
activities and the use of the technology features, as well as during mathematics
activities. This illustrates the value in conducting research in this space to further

examine the potential online delivery offers for children’s creativity.
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Having presented the literature relevant to this study, the next chapter introduces the

research methodology that guided data collection and analysis.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 INTRODUCTION

The previous chapter presented a literature review to contextualise this study within
the research fields of creativity, STEM education, and online learning. While
research has explored effective online pedagogies for older learners, few studies have
included young children and there is a gap in what is known about their online
learning experiences. Of the limited studies, no explicit objectives have focused on
creativity as a learning outcome. This highlights the value of the current study, which
seeks to understand how children’s creativity can be fostered during STEM online

learning experiences.

The purpose of this chapter is to provide a comprehensive overview and
justification of the research methods selected for this study. The chapter begins by
providing details about the research design, including the guiding paradigm,
epistemology, and methodological approach before discussing the context for the
research. Following this are details of the participants and recruitment process, as
well as an overview of the research method and data collection procedures for the
video observations, semi-structured interviews, field notes, and environment
mapping before outlining the data analysis processes. The chapter concludes by
discussing measures of research quality, ethical considerations, and limitations of the

research approach.

3.2 RESEARCH OVERVIEW

This study sought to identify enabling factors of the learning environment that can
help foster children’s creativity when participating in STEM online learning
experiences. The driving research questions presented in Chapter 1 are reiterated

below:

1. How do environmental elements influence children’s creativity during STEM
online learning experiences?
2. In what ways do children demonstrate creativity while engaging in STEM

online learning experiences?

67



Punch (2013) emphasises that the research design should follow on from the research
question, because “how we do something in research depends on what we are trying
to find out” (p. 23). The research questions guiding this study call for the experiences
of children to be investigated, with terms such as ‘influence,” ‘demonstrate’, and

‘experiences’ implying a qualitative approach (Merriam & Tisdell, 2015).

A summary of the methodology undertaken for this study is outlined in Table 3.1.

Table 3.1

Overview of research design

Research Overview

Ontology Constructivist
Epistemology Interpretive
Methodological approach Qualitative
Multiple case studies
Context Western Australian Year 1 classroom
Scitech
Participants Three case study children
Beth: Chloe: Jett:
Child (1) Child (1) Child (1)
Educator (1) Educator (1) Educator (1)
Scitech (2) Scitech (2) Scitech (2)
Parent (1) Parent (1) Parent (1)
Data collection Video observations, interviews, field notes, photographs, mapping
Data analysis Thematic analysis

Multimodal video analysis (narrative analysis)
A-E of Children s Creativity framework (Murcia et al., 2020)

Having presented an overview of the methodology above, this chapter now outlines

the research ontology and considers each element of the research overview in detail.

3.3 ONTOLOGY

Ontology is understood as “the nature of reality or of a phenomenon” (Mertens,
2007, p. 213). Widely accepted ontological perspectives adopted by researchers
include positivist, constructivist (interpretive), and critical (Carr & Kemmis, 2003;
Merriam, 2009). A positivist perspective assumes that reality is observable, stable,
and measurable. Meanwhile, a critical approach goes beyond uncovering the
interpretation of people’s understandings of their world and aims to critique and
challenge (Merriam, 2009). Finally, the constructivist paradigm assumes “reality is

constructed by individuals interacting with their social worlds” (Merriam, 1998, p. 6)
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and that there is no one single, observable reality (Merriam, 2009). The constructivist
ontology was chosen for this study because of its objective to explore children’s
experiences while learning. It is further acknowledged by Merriam (1998) that the
researcher brings a construction of reality to the research situation, which interacts
with other people’s interpretations of the phenomenon being studied. As such, within
this study, reality exists according to both the researcher and to individual
participants, who bring a unique perspective and approach to online learning.
Therefore, every effort was made to understand the perspectives of all involved,

including children, their parents, classroom teacher, and Scitech facilitators.

3.4 EPISTEMOLOGY

While ontology is concerned with the nature of reality, epistemology is concerned
with the nature of knowledge (Merriam, 2009), specifically “a way of looking at the
world and making sense of it” (Crotty, 1998, p. 3). The three main types of
epistemology are objectivism, interpretivism, and subjectivism. Objectivism asserts
that meaningful reality exists apart from the operation of any consciousness, while
subjectivism asserts that the object itself makes no contribution to the meaning
(Crotty, 1998). Meanwhile, an interpretive epistemology is characterised by a focus
on individual participants and aims “to understand the subjective world of human
experience” (Cohen et al., 2018, p. 19). Additionally, it recognises that children
express their reality through various modes of communication (Hackling et al.,

2014).

An interpretive epistemology was chosen for this study, given its objective to
explore factors that contribute to children’s creativity during their engagement in
STEM online learning experiences. Due to the nature of an interpretive
epistemology, the researcher gathered a wide range of perspectives. By incorporating
these diverse viewpoints, the researcher aimed to gain a rich and detailed
understanding of how the children interacted during the online learning experiences,

and the impact these experiences had on their creativity.

To best understand the experiences from the participants’ viewpoints, rather
than as an outsider (Cohen et al., 2018), the researcher set aside their own

assumptions about individuals and contexts, approaching the project on its own terms
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(Hammersley, 2012). To facilitate this process, a reflexive journal was used for self-
reflection and maintaining a reflexive stance throughout the research project. The

importance of researcher reflexivity is discussed in more detail later in this chapter.

3.5 METHODOLOGICAL APPROACH

Educational researchers may draw upon quantitative, or qualitative research
methods, or a combination of both. Quantitative research, as summarised by
Hammersley (2013), is characterised by testing hypotheses, numerical data,
procedural objectivity, generalisation, the identification of systemic patterns of
association and the isolation and control of variables. It is guided by a positivist
paradigm, underpinned by the belief an objective reality exists independent of the
individual (Cohen et al., 2018). In contrast, qualitative research is defined by

Hammersley (2013) as:

A form of social inquiry that tends to adopt a flexible and data-driven
research design, to use relatively unstructured data, to emphasise the essential
role of subjectivity in the research process, to study a number of naturally
occurring cases in detail, and to use verbal rather than statistical forms of
approach (p. 12).
Underpinning a qualitative approach is the belief that knowledge is actively
constructed by individuals as they engage in, and make sense of, activities and

experiences (Merriam & Tisdell, 2015).

Quantitative methodologies frequently employ large-scale surveys in human
research, where data is analysed to identify systematic patterns of association
(Hammersley & Traianou, 2012). In contrast, qualitative methodologies frequently
involve interviews and observations, and are better suited to smaller samples where
greater depth of understanding is required (Cohen et al., 2018). A qualitative
research approach was chosen for this study, as it was well-suited to the study
objectives. Qualitative research gives voice to participants, facilitates multimodal
analysis, and allows for in-depth observations of human activities (Cohen et al.,
2018; Price et al., 2021). This aligns with the interpretive epistemology guiding this
study.
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Employing a qualitative approach provided a comprehensive understanding
of the children’s experiences during their engagement in Scitech’s online learning
sessions. It provided opportunity for children to share their unique perspectives.
Various approaches to qualitative research exist, such as narrative research,
phenomenology, grounded theory, ethnography, and case study (Creswell, 2013).
The researcher chose to employ a multiple case study design as it allowed for a
nuanced exploration of each child’s online learning experiences and the unique way

in which they were able to demonstrate and deepen their creativity.

3.6 CASE STUDY RESEARCH DESIGN

Stake (2010) suggests that case study research often aims to intimately understand
one thing well. According to Merriam and Tisdell (2015), this approach is “an in-
depth description and analysis of a bounded system” (p. 39) drawing on data
collection from multiple sources (Creswell, 2013). The use of a case study research
design provides an opportunity to examine real people in real situations, offering a
clearer understanding of a phenomenon. The researcher has the capacity to uncover
insights that may be overlooked in numerical analysis (Cohen et al., 2018). As
Sturman (1999) asserts, case studies consider the wholeness and integrity of human
systems, that necessitate in-depth investigation. As contexts are unique and dynamic,
the case study approach can investigate and report on complex interactions of events.
It also emphasises the role of the researcher as the primary instrument of data
collection and analysis (Merriam & Tisdell, 2015). Additionally, the case study
approach is characterised by its “detailed examination of a small sample” (Tight,

2010, p. 337).

A case study design was chosen for this study to facilitate a deep
understanding of a small number of children’s experience as they participated in
Scitech’s online STEM sessions. This aligns with the constructive ontology and
interpretive epistemology that underpinned the study. Additionally, a case study
approach supports the exploration of the two research questions, which seek to
understand the ways children demonstrate creativity and the impact of their learning
environment. The aim was to identify and unpack the environmental elements that
influenced each child’s creativity. To do this, data was collected from multiple

sources to gather multiple viewpoints (Merriam, 1998). This resulted in an in-depth
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exploration into the experiences of children and their unique perspectives around

online learning and creativity.

3.6.1 Multiple case studies

To capture the complexity and multiple perspectives of the participating children, a
multiple case study design was implemented as opposed to a single case study
(Cohen et al., 2018; Stake, 1995). Within a multiple case study design, a ‘case’ refers
to a distinct entity with well-defined boundaries (Smith, 1978). In this project, each
of the three participating focus children served as an individual case. Recognising
each child as a case allowed for a deeper understanding of their unique attributes and
experiences. It took into consideration their individuality, and the different ways they
demonstrated creativity and engaged in learning experiences. Collecting extensive
data for each case provided insights into the experiences and perspectives of the
three different children, enhancing understanding of the broader context of online
STEM learning activities. Additionally, this approach enabled the researcher to
undertake a comparative analysis, highlighting contrasts and similarities among the
cases (Merriam & Tisdell, 2015). Finally, this approached allowed for children’s
perspectives to be heard in-depth. Children’s voices are often underrepresented in
educational research, however their inclusion helps develop knowledge that can

make areas of education more robust (Keaton & Gilbert, 2020).

3.7 CONTEXT
The following section provides context for the study including details around
Scitech’s involvement; the Western Australian context; the Year 1 classroom; and

COVID-19.

3.7.1 Scitech context

Scitech’s involvement with this research project was carried out under the guidance
of their General Manager, Customer-Facing Delivery. They had regular meetings
with the researcher to discuss objectives and identify roles and responsibilities. From
here, two Scitech facilitators (Milly and Tahlia — names changed to protect their
identities) were assigned to the project. Milly was responsible for delivering the
school-based sessions, with support from the Scitech Programs Coordinator. Tahlia

was responsible for delivering the home-based sessions, with support from another
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Scitech Science facilitator. The researcher liaised with these staff members via email
and regular Microsoft Teams meetings to prepare for the sessions. The Scitech staff
were responsible for creating the ten sessions, which were carefully designed to
incorporate their existing delivery styles. These included a science show, puppet
show, classroom STEM workshops as well as activities for an afterschool STEM
club. This diversity provided a broad range of STEM online learning experiences for
the children to participate in. Each of the sessions were adapted from Scitech’s
existing programs, so as not to create too much additional work for the staff. It also
meant they had the opportunity to evaluate how existing programs could translate to
online contexts. As well as designing the structure of each session, Scitech staff
gathered the physical materials the children would need for the sessions and shipped
those materials prior to the sessions. The school-based materials were sent to the
classroom teacher, who set them out in the classroom at the start of each session. The
afterschool STEM club materials were sent directly to the researcher, who delivered

the packs to the children’s homes on the afternoon of each session.

As well as meeting regularly with the researcher, the Scitech staff had
Microsoft Teams meetings with the classroom teacher, with the researcher present.
These meetings also included Scitech’s Senior Digital Content Producer who was
responsible for managing the technology of the online delivery, including setting up
the live-stream and controlling the camera. These meetings were an opportunity for

Scitech to discuss the details of the sessions with the classroom teacher.

During the delivery of each session, Milly presented on-site from Scitech.
She was in their theatre for the shows, and in a laboratory for the STEM workshops.
While she was the only one on camera, the Senior Digital Content Producer and
Programs Coordinator were present to provide support. Likewise, during the
afterschool STEM club sessions, Tahlia was the only one on camera, while the
Senior Digital Content Producer and the supporting Science Presenter were present
off-screen for support. Coincidentally, Scitech had visited the participating school in
March, approximately four months before the research project commenced. The visit
was part of Scitech’s Statewide program, and they performed a science show in the
school hall and a STEM workshop in the Science lab. Two of the participating case

children, as well as the classroom teacher, were present for this visit.
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3.7.2 Western Australian context

The research was intentionally designed to take place within a regional Western
Australian context and therefore the findings are particularly relevant for this setting.
The decision for this context considered the researcher’s accessibility to the
participating school, as well as the representation of a typical regional school
characterised by average population size and distance from the state’s capital city,
Perth, and regional hubs. This decision aligns with the descriptions of regional areas
outlined in the Regional Development Commissions Act 1993. This consideration is
important, as one of the key outcomes of this study includes establishing guiding
principles for Scitech, and other online education providers, when delivering STEM

experiences to regional and remote schools.

3.7.3 Classroom context

The focus children for this study were each in Year 1 at the same regional primary
school. Their class was made up of sixteen Year 1 children, with a full-time
classroom teacher. The school’s leadership team and classroom teacher held positive
views towards technology, STEM, and hands-on learning. For the past few years,
Investigation Time had been implemented in the lower years. This involved the Year
1 class combining with the Year 2/3 class after lunch to engage in hands-on
exploratory activities designed by their classroom teachers. The sessions with
Scitech took place in the afternoons during the Investigation Time timeslot. This
time was selected as the Scitech sessions were viewed as similar in style to
Investigation Time, and as such, would cause the least disruption to the other
learning areas. As the Scitech sessions were occurring during this joint Investigation

Time, the Year 2/3 class joined the Year 1 class for all Scitech sessions.

3.74 COVID-19 context

Western Australia confirmed its first case of COVID-19 on 21 February 2020 and
then-premier Mark McGowan declared a state of emergency on 15 March 2020. This
led to the state closing its borders to the rest of Australia, and international arrivals
quarantining for fourteen days (Jrood et al., 2020). Restrictions were eased in phases,

with schools resuming face-to-face education for the start of Term 2 on 28 April
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2020 (Perpitch, 2020). By early 2022, the majority of restrictions had been eased,
and the state’s borders had reopened (Carmody, 2022).

All data collected for this research occurred within the period of July 2022 to
December 2022, with minimal disruptions to the research design due to COVID-19.
However, precautions were still taken by the researcher and participants, such as
maintaining physical distancing where possible during data collection, regular hand
sanitising, and staying home if unwell. As the possibility of the researcher or
participants contracting COVID-19 could have affected the delivery of the Scitech
activities or interview schedule, alternative delivery dates were identified in
discussions with the classroom teacher and Scitech facilitators. Additionally,
interviews could have been conducted via video conferencing, or postponed until
participants/researcher were no longer unwell. Fortunately, no one contracted
COVID-19 during the data collection phase. Given the experience of COVID-19 and
the brief period of emergency remote teaching in Western Australia in 2020, the
research project’s significance may have resonated strongly with the adult

participants, recognising the potential need for online learning in the future.

3.8 PARTICIPANTS

Case study participants were three Year 1 children from the same class at a regional
Western Australian primary school. During the recruitment phase, five children from
the Year 1 class volunteered to participate and were involved in data collection
during the school-based Scitech sessions. However, the researcher was subsequently
advised that one of the children was unable to participate in the home-based sessions
as they were moving interstate, and another had conflicting after-school sport
commitments. As such, a decision was made to remove these two children from the
study and focus on the three children who were present for both the school-based and

home-based Scitech sessions.

The three case children were comprised of two females and one male. Each
lived in a different suburb within the same regional town. A brief overview of each
case child is presented in Table 3.2. This overview was formed from researcher
observations as well as extracts from the adult participants’ semi-structured

interviews.
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Table 3.2

Overview of case children

Beth Chloe Jett
Context Beth is a female in Year 1. Chloe is a female in Year Jett is a male in Year 1. He
She lives with her mother, 1. She lives with her lives with his mother,
father, and younger sister. mother, father, and older father, and two older
Beth is an out-going, high-  brother. They recently sisters. Jett is a bubbly and
achieving child who relocated from Perth. enthusiastic chid, who
enjoys arts and crafts. Chloe is a mature and enjoys building things.
articulate child, who
enjoys learning.
Parent “Beth’s always been really ~ “She’ll persist with “He likes building stuff.
into craft.” something until she gets it ~ He likes to invent things,
going. She’s a fast learner ~ make things and draw
and if she enjoys it, then it  things. Yeah, he is pretty
just takes oft.” creative.”
Teacher — “I would describe her as “I think she’s creative in “He’s very clever and
Miss Bird  creative. She’s one that that she’s quite artistic. switched on. However, he
will always go out of her And she really tries hard to  doesn’t ask as many
way to create very create beautiful pieces of ~ questions and isn’t as
imaginative stories and art. She also asks a lot of curious as the other two.
amazing pieces of art. I questions; she is very He still creates lots of
think she’s an out-of-the- curious. She loves things, so in that sense he
box thinker. She’s got a learning.” is creative.”
very individual mind.”
School- “I found her to be quite “I feel like she was a lot “I feel like he had an
based creative in her more confident about her amount of prior
Scitech construction activities. But  decisions [than Beth]. I knowledge that he liked to
Facilitator in terms of pushing feel like in that sense she apply and seemed more
- boundaries, I think she was happy to make a comfortable within
Milly was happy to do that on decision and just follow particular constraints. He
the artistic level, but not so  that track to wherever it wasn’t necessarily going
much with her thinking.” led.” for wild, crazy ideas.”
Home- “My first impressions “She was very self-driven.  “He had a lot of fun with
based were ‘wow, she’s a very And would just kind of go  things. Although he wasn’t
Scitech bright child.’ I think she ahead and start building, always working exactly
Facilitator put a lot of pressure on but she already had a plan.  toward the challenge,
— Tahlia herself, and I believe was She was very capable of when he was it was great

quite afraid of failing.”

self-led learning and
discovery.”

to see his different ways of
thinking.”

The Year 1 classroom teacher, two Scitech facilitators, and the three case

children’s parents also participated in the semi-structured interview process. These

adult interviewees were invited to provide a broader understanding of the Scitech

experiences and paint a richer picture of each case child. These adults were

considered as key participants in the study, but not specifically ‘cases.” Additional

information has been provided about them below. All names have been changed to

protect individual identities.
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e Miss Bird is the Year 1 classroom teacher. She is in her first year of teaching.

e Milly is a Scitech facilitator, who normally delivers live shows in the Scitech
theatre.

e Tahlia is a Scitech facilitator, who is involved in delivering the Statewide
program.

e Beth’s mum was present for all the afterschool STEM club sessions.

e Chloe’s dad was present for three and a half of the afterschool STEM club
sessions.

o Jett’s mum was present for three of the afterschool STEM club sessions.

3.8.1 Recruitment Process

Ethics was approved by both the Curtin University Human Research Ethics
Committee (HRE2022-0342) (see Appendix 1) and the Catholic Education Western
Australia’s Human Ethics Research Team (see Appendix 2) prior to recruitment. An
initial letter of introduction and invitation to participate in the research was provided
to the Principal of the preferred primary school (see Appendix 3). After a positive
response from the Principal, the researcher was invited to a meeting with the Deputy
Principal to discuss the project in more detail. The school’s leadership team was
excited and willing for the school to be involved in the study. The Principal received
a copy of the Participant Information Form — Principal (see Appendix 4) as well as
the Consent Form - Principal to sign (see Appendix 5). The researcher then met with
the Year 1 classroom teacher to talk through the details of the Participant
Information Form — Year 1 Teacher (see Appendix 6) and answer any questions she
had. The Year 1 classroom teacher spoke positively about being involved in the

project and signed the Consent Form — Year 1 (see Appendix 7).

It was during these two meetings that the request for the Year 2/3 class to
participate in the Scitech sessions was raised. This was due to the structure of the
school’s afternoon teaching time, in which the Year 1 and Year 2/3 classes
participated in joint Investigation Time. An amendment to ethics was made to both
Curtin University and Catholic Education Western Australia to account for the Year
2/3 class as incidental participants of the study. As such, a meeting was also held

with the Year 2/3 classroom teacher to share the details of the Participant
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Information Form — Year 2/3 Teacher (see Appendix 8). The Year 2/3 teacher then
signed the Consent Form — Year 2/3 (see Appendix 9).

The Year 1 classroom teacher distributed the Invitation to Participate — Year
1 letter (see Appendix 10), Participant Information Form — Year I (see Appendix
11) and Consent Form — Year I (see Appendix 12) documents to the families in her
class. Of the sixteen children in the Year 1 class, five returned forms volunteering as
case children. Participant parents and the classroom teacher spoke of the children’s
enthusiasm for science, STEM, technology, Scitech, and being creative. The call to
be involved promoted the involvement with Scitech, and as such would likely have

appealed to participants who already have an interest in this area.

The Year 2/3 classroom teacher also distributed their /nvitation to Participate
— Year 2/3 letter (see Appendix 13) along with the Participant Information Form —
Year 2/3 (see Appendix 14), and the Consent Form — Year 2/3 (see Appendix 15).
All children who were not the nominated case children were identified as ‘incidental’
children. As such, they would participate in the school-based activities and may be
filmed as part of the data collection process, however they were not intentionally
filmed, nor were they interviewed. At the suggestion of Catholic Education Western
Australia’s Human Ethics Research team reviewing the initial submission, an ‘opt-
out’ feature was included on the incidental children’s consent forms, rather than ‘opt-
in.” This adjustment greatly reduced the workload for the classroom teachers in
chasing up returned forms, as well as the researcher, during the data collection phase.
Only one child in Year 2/3 class returned an ‘opt-out’ form. They still participated in
the school-based Scitech activities; however, they were positioned so they were not

captured by the video cameras.

The researcher arranged a ‘Meet-and-Greet’ session with the Year 1 and Year
2/3 classes prior to the first Scitech session. During this session, the researcher
shared the Meet-and-Greet PowerPoint presentation (see Appendix 16), which
introduced both the researcher and Scitech facilitator, briefly explained the purpose

of the study and reminded the children of their right to not participate at any time.
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The researcher then contacted the parents of the initial five case children via email to
introduce herself and outlined what was to come during the study. The parents were
contacted towards the end of Term 3 to be given information about the afterschool
STEM club sessions occurring in Term 4 and to arrange a time for a home visit
Meet-and-Greet. It was at this point that two of the five case children withdrew from
the home-based phase, as outlined earlier in this chapter. The researcher visited the
remaining three families, to share the details of the afterschool STEM club sessions,
and answer any questions the parents had. A Meet-and-Greet PDF was provided to
all families for their reference (see Appendix 17). These were valuable opportunities
to meet the families and feel comfortable being in their home prior to the data
collection. It was also an opportunity for the children to feel comfortable with the
researcher in their home environment, to meet siblings, and plan logistics for camera
placement. The researcher also arranged a formal meeting individually with Milly
and Tahlia to explain the research process and provided them with a copy of the
Scitech Participant Information Form (see Appendix 18). Following this, they each
completed the Scitech Consent Form (see Appendix 19).

3.9 DATA COLLECTION

To ensure the complexity and entirety of each case is captured, qualitative
researchers must draw their data from multiple sources (Merriam & Tisdell, 2015;
Stake, 1995; Yin, 2009). The data for this study was collected using a range of
methods including video observations, semi-structured interviews, field notes, and
environmental mapping. Data collection took place over a six-month period between
July 2022 and December 2022. All data was de-identified, and pseudonyms were
given to each of the case children and participants (Alderson & Morrow, 2011).

The video observations captured the delivery of each Scitech session. On
average, these sessions ran for approximately 45-minutes. A breakdown of the exact
duration of each session is presented later in Table 3.3. An initial observation was
also carried out in the classroom prior to Scitech’s delivery. During this 45-minute
observation, the classroom teacher delivered an investigative science session on the
topic of light. The purpose of this session was to familiarise the children with the
presence of the researcher and cameras in the room, so they felt comfortable with the

data collection occurring during the Scitech sessions. Similarly, the follow-up semi-
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structured interviews with the children about the light session was a chance for the

children to become familiar with the interview process.

Each school-based semi-structured interview with the children lasted between

15 and 20 minutes. The interviews with the classroom teacher and Scitech facilitators

lasted approximately one hour. The final interview with the children occurred at

home with their parents. The children were interviewed for the first 20 minutes, and

then the parents were interviewed for the remaining 40 minutes. A breakdown of the

exact duration of each interview is presented later in Table 3.6. Both the video

observations and semi-structured interviews investigated the impact of the learning

environment on children’s creativity during the online Scitech sessions. Researcher

field notes were written before, during, and after each Scitech session and after each

interview. Photographs of the layout of the learning environments were collected to

form diagrams in Adobe Photoshop.

An overview of the observed Scitech sessions is presented in Table 3.3, as

well as the classroom teacher-led Light Investigation. The Scitech sessions are listed

in order of delivery.

Table 3.3

Overview of observed sessions

Session Session description Duration | Type Facilitat | Delivery
name (HH:MM) or platform
Science is Thirty-minute chemistry- 00:39 Science
Spectacular!  themed demonstrations. Show
Bend, Twist,  Children investigated items to ~ 01:03
Stretch & see if they can be changed by
Squash physical force. They also
followed directions to make
slime.
Sound Cups  Children explored how sound ~ 01:00
travels through vibrations.
They were challenged to .
creaile a ‘telephoneg’ using cups Milly I;AlcrOSOﬁ
and string, Workshop (Scitech) eams
Whats in the  Children participated in a 01:10
Cup? scientific investigation,
making predictions about the
different sounds concealed
within cups.
DIY Shakers  Children designed and created  00:58

their own musical instrument
(‘maker shaker”) using
materials provided by Scitech.
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Quiet as a Thirty-minute interactive 00:44
Mouse puppet show involved children
using their own maker shakers
and testing instruments to help
music-loving mouse, Racket,
placate his sound sensitive
neighbour, Melody the cat.

Puppet
Show

Wind Houses Inspired by The Three Little 00:50
Pigs, children built a house
using provided materials that Tahlia
could withstand the force of (Scitech)
wind.

Egg Drop Children built an egg holder 00:43
using provided materials to
protect an egg when it was
dropped from a height.

Ball Run Inspired by Rube Goldberg 00:42 Afterschool
machines, children used STEM Club
provided materials to
construct their own simple
ball run.

Floating Children used provided 00:43

Boats materials to construct a boat (Beth &
that could float while carrying  Jett
cargo.

Zoom

00:43
(Chloe)

Light Classroom teacher-led lesson ~ 00:41

Investigation  in which children used torches Year 1
to investigate whether objects Classroom Teacher
were transparent, translucent Lesson
or opaque.

teach
Prepared by classroom teacher Face-to-

Face

Mini Classroom teacher-led activity  00:16
Volcano where children created their

own volcanos. Followed on

from Science is Spectacular!

show and was prepared by

Scitech

Table 3.3 outlines the different STEM sessions the case children participated in. It
includes the classroom teacher-led Light Investigation session which was observed
for the purposes of familiarising the children to the data collection process. It was not
included in the data analysis. A record of the data collected for each case child has

been outlined in Table 3.4.
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Table 3.4

Overview of data collected for each case child

Data Type Session Beth Chloe Jett
Video observation Light Investigation (run by Present Present  Absent
classroom teacher)

Video observation Science is Spectacular! Present Present  Present

Video observation Mini Volcanos Present Present  Present

Video observation Quief as a Mouse Present Present  Present
&  Video observation Bend, Tivist, Stretch & Squash Absent Present  Present
S Video observation Sound Cups Present Absent  Present
'§ Video observation What’ in the Cup? Present Present  Present
3 Video observation DIY Shakers Present Present  Present
‘_'é Audio Interview After Light Investigation lesson Present Present N/A
S Audio Interview After Science is Spectacular! Present Present  Present
“2 Audio Interview  After workshops and Quiet as a Present Present  Present

Mouse

Audio Interview  With classroom teacher

Mapping Of classroom

Field notes During all sessions

Photographs During all sessions
£  Video observation Wind Houses Present Present  Present
% Video observation Egg Drop Present Present  Present
a Video observation Ball Run Present Present  Present
g Video observation Floating Boats Present Present  Present
g Audio Interview  After all sessions Present Present  Present
T Mapping Learning environments Present Present  Present

Table 3.4 illustrates how numerous data was collected for each case child,

including multiple interviews and video observations. Further, mapping of their

learning environments, field notes, and photographs were also collected. It shows

how Jett was absent from the classroom teacher-led initial session Light

Investigation, and as such, did not participate in a semi-structured interview
following this session. The purpose of the Light Investigation session was to develop
the children’s level of comfort with the research process and was not included in data
analysis. Jett was present for all the Scitech sessions, while Chloe and Beth were

each absent for one due to illness.

3.9.1 Video observations

A significant portion of the data collected for this study consisted of video
observations. This data collection method was chosen for its capacity to capture real-
time, durable, and shareable records of multimodal interaction (Jewitt & Mackley,
2019). Utilising video observations allowed for the direct collection of data when
children engaged in Scitech’s online learning experiences, strengthened by the

msights gained from interviews (Merriam & Tisdell, 2015). Several considerations
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were taken into account when preparing and conducting the video data collection, as

follows.

3.9.1.1 Video Conferencing ‘Rehearsal’

The importance of clear visibility of facial expressions and speech was recognised as
an essential part of collecting video data (Heikkild & Mannila, 2018). As such, a
video conferencing rehearsal took place in the Year 1 classroom a week before the
first Scitech session. Participating in the video conferencing rehearsal were the

Scitech team, the Year 1 classroom teacher, and the researcher.

During the rehearsal, the Scitech presenters practised all aspects of their
delivery through Microsoft Teams. This rehearsal included ensuring that Milly was
visible on the AV screen — it was noted here that the windows at the back of the
classroom provided too much light, so a note was made to cover them with butcher’s
paper prior to first session — and that the Internet connection could support the
Microsoft Teams meeting. They also used the rehearsal as an opportunity to confirm
that they could physically move the cameras from one part of the set to another,
zoom in and out, and change the facilitator’s background using green screen
technology. The classroom teacher tested out where the most suitable to place her
laptop was so that its webcam would capture the whole class, finding a shelf

underneath the AV screen to be the most suitable spot.

From the researcher’s perspective, it was an opportunity to test screen-
recording the Microsoft Teams meeting using her laptop in the classroom, as well as
to decide where the most suitable to place the Go Pro camera so that all case children
would be visible was. This resulted in a small table being positioned underneath the
AV screen for the Go Pro camera, and the Year 1 classroom teacher marking her
carpet with masking tape to identify the boundaries the children needed to sit within
to be captured by the recordings. This decision ensured the video data would record
unobstructed vision of the children’s faces, body gestures, and speech. It was decided
that the researcher would move the Go Pro camera around the classroom as
necessary, to capture different moments of the hands-on activities. In doing so, this
would assist in offering angles which are different to that captured by the Microsoft

Teams screen recording (Flewitt, 2006; Riordan, 2022). Likewise, during the
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afterschool STEM club sessions, the Go Pro camera was positioned so that it offered
a broad view of the rooms in which the children were working, offering a broader
perspective of their home environment than the Microsoft Teams screen recording

could capture.

3.9.1.2 Process of recording

The period of each video observation was bound by the duration of the Scitech
session. Once the Scitech team arrived in the Microsoft Teams meeting, the
researcher began screen recording on her laptop using QuickTime Player. As the
children settled in the classroom or home, the researcher started recording on the Go
Pro camera. As the session ended, and one or more of the participants had signed off
the Microsoft Teams meeting, the researcher ended the screen recording and the Go

Pro camera recording.

3.9.1.3 Passive Researcher

During the school-based sessions, the researcher remained towards the back of the
classroom so as not to draw attention to herself and distract the children. When the
hands-on activities were conducted in the classroom, the researcher remained in the
classroom with the case children to observe them. It was pre-determined that the
Year 1 classroom teacher would move to the wet area to facilitate the hands-on
activities with the rest of her class. The case children were instructed by Miss Bird to
follow Milly’s instructions during these times. There were moments during the
hands-on activities when the case children encountered minor fine motor skill
challenges, such as difficulties tying knots. In these instances, the researcher was
approached, or stepped in, to help the children. Likewise, there were a few instances
when the children were particularly loud and unable to hear Milly’s instructions.
When this occurred, the researcher drew upon her experience as a primary school
teacher to evaluate when a classroom teacher might intervene, had they been in the
room. She then waited a further 30 — 60 seconds before stepping in, to give Milly
time to respond to the situation. Not wanting to interfere with the experience of
online delivery, the researcher gave Milly opportunities to implement various

classroom management strategies by remaining a passive observer.
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During the afterschool STEM club sessions, the researcher remained
unobtrusive while filming in the same home environment as the children. For Beth,
the Go Pro camera was able to be set-up at the back of the playroom, and the
researcher was able to observe the session via her laptop in the living room, as well
as from the door to the playroom. In the case of Chloe, the study was smaller, and the
researcher stood in the room for most of the session. In the case of Jett, the Go Pro
was set-up in the kitchen facing the dining room table. The researcher split her time
being in the kitchen and in her car, where her laptop was hot spotted to her phone
due to Wi-Fi connectivity issues within the house. The duration and details of the

video observations that were conducted are outlined in Table 3.5.

Table 3.5

Overview of video observation data

Delivery Location Session Duration of Screen Go Pro
session recording

= Science is Spectacular! 00:39:00 Yes Yes

“é Quiet as a Mouse 00:44:00 Yes Yes

< Bend, Twist, Stretch & Squash 01:03:00 Yes Yes

% 8 Sound Cups 01:00:00 Yes Yes

= 3 What's in the Cup? 01:10:00 Yes Yes

“g DIY Shakers 00:58:00 Yes Yes

g 3 Wind Houses 00:50:00 Yes Yes

o § Egg Drop 00:43:00 Yes Yes

o Ball Run 00:42:00 Yes Yes

g Floating Boats — Jett & Beth 00:43:00 Yes Yes

T Floating Boats — Chloe 00:43:00 Yes Yes

o = Light Investigation 00:41:00 N/A Yes
£z £
g2 =
= )
s £

2 ” Mini Volcanos 00:16:00 N/A Yes

Table 3.5 demonstrates how data was collected via both Go Pro and screen
recording, and that the sessions lasted an average of 47 minutes. As Chloe had a
conflicting afterschool commitment on the date of the final Floating Boats session,

she participated in a one-on-one session with Tahlia the following day.

3.9.2 Semi-structured interviews
Interviews are purposefully designed to gather information that cannot be directly
observed (Brinkmann & Kvale, 2015; Patton, 2015) and offer insight into another

person’s experience (Patton, 2015). There are many types of interviews which
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qualitative researchers can employ, including but not limited to: structured, semi-
structured, and unstructured (Cohen et al., 2018; Lincoln & Guba, 1985). The key
difference between these types of interviews, according to Kvale (1996) lies in their
degree of structure. For instance, a structured interview involves a pre-determined
sequence and wording of questions, where the interviewer has little freedom to make
modifications. By contrast, an unstructured interview is an open situation with far
greater flexibility (Cohen et al., 2018). While semi-structured interviews require
questions be prepared in advance, they are strategically open-ended, and the wording
and sequence can be tailored to each participant. Additionally, the researcher can
make use of prompts, follow-up questions or comments to guide the discussion

(deMarrais & Lapan, 2003).

The choice of an appropriate type of interview is dependent on the research
questions and approach (Flewitt, 2013). For this study, the semi-structured interview
method was selected as it has been identified as a useful method for collecting data
with children (Prior, 2016). Specifically, it provided flexibility for the researcher to
unpack moments of interest that arose for each child, and tailor questions and
prompts appropriately (Galletta, 2013). The use of open-ended questions provided
children with time and space to describe their views and experiences in their own

words (Kortesluoma et al., 2003).

In the context of this study, the primary instrument of data collection was the
researcher, who responded to participants’ answers, seeking more details or
clarification (Glesne & Peshkin, 1992). The researcher adhered to the basic interview
principles of rapport building, clear questioning, attentive listening, and using the
interviewee’s language (Ponizovsky-Bergelson et al., 2019). Firstly, to establish
rapport with participants, initial interactions and conversations were conducted with
the case children in the classroom, and at home with their parents. Rapport was also
developed in the time it took to walk the child from their classroom to the interview
room. During this time, the researcher asked questions about how the child’s
morning was going, queried the fancy dress they were wearing, and asked about their
favourite football team. These questions were intended to help the children feel more
comfortable before being interviewed. Likewise in the home, the Meet-and-Greet

that was conducted prior to the afterschool STEM club sessions allowed the
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researcher to get to know the parents and answer any questions they had. It was also

an opportunity for the children to become used to seeing the researcher in their home

prior to filming.

Interviews were audio recorded using the researcher’s iPhone Voice Memo
app for later transcription. Each audio recording was backed up immediately to the
researcher’s university R:// drive and external backup drive following the interview,
before being deleted from the iPhone. No notes were taken during the interviews,
with the researcher’s focus remaining completely on what the participant had to say.
To assist with stimulating recall, short video compilations of the Scitech sessions

were shown to the children during their interviews (Dempsey, 2010).

The semi-structured interviews included planned questions and prompts as
well as flexibility to respond to participants’ emerging perspectives and 1deas
(Merriam & Tisdell, 2015; Prior, 2016). Additionally, the researcher occasionally
mtroduced new questions to further explore or confirm what was being said.
Different types of questions, including closed-ended, open-ended, and
encouragement, were used to solicit varied responses (Ponizovsky-Bergelson et al.,
2019). The dates the semi-structured interviews were conducted are outlined in Table
3.6.

Table 3.6

Dates of semi-structured interviews

Interview Beth Chloe Jett Classroom Milly Tahlia
context teacher (Scitech) (Scitech)
Post-Light 31/08/2022 31/08/2022 N/A

Investigation

session

Post-Science is  08/09/2022 02/09/2022 02/09/2022

Spectacular!

Post- 21/09/2022 20/09/2022 20/09/2022 20/09/2022 21/09/2022

workshops and

Quiet as a

Mouse

Post- 22/11/2022 08/12/2022 24/11/2022 18/11/2022
afterschool

STEM club
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Table 3.7 outlines the duration of each semi-structured interview.

Table 3.7

Duration of semi-structure interviews (MM: SS)

Interview context  Beth Chloe Jett Classroom Milly Tahlia
teacher (Scitech) (Scitech)
Post-Light 11:53 14:26
Investigation
session
Post-Science is 09:15 10:22 08:56
Spectacular!
Post-workshops and  11:57 12:48 11:59 52:08 48:18
Quiet as a Mouse
Post-afterschool 36:15 44:47 30:33 77:22
STEM club
(23:32 - (23:07 - (14:35 -
Beth) Chloe) Jett)

Remainder Remainder Remainder
w/ parent ~ w/parent  w/ parent

Table 3.7 shows the duration of each semi-structured interview. The adult interviews
took between 15 and 80 minutes, while the children’s interviews ranged from 9 — 23
minutes. The educators and Scitech facilitators spoke for an average of 59 minutes,

the parents spoke for an average of 17 minutes and the children spoke for an average

of 15 minutes.

Before commencing each interview, the researcher explained to the
participants the purpose of the interview, the process of the data collection, what
would happen with the collected information and how the data would be treated
anonymously and confidentially, expected duration, and a reminder that they could
skip a question or cease the interview at any time. Each participant verbally provided
their consent to begin the recording for the interview. The recording device was
positioned and tested prior to each interview, with the children pressing the Record
button each time, which further engaged them in the process. Participants were
mvited to provide any final thoughts in relation to the experience at the end of the

interview, following which they were thanked for their participation.

3.9.2.1 Children Interviews
The purpose of conducting interviews with the case children was to obtain first-hand

nsights into their experiences and perspectives of Scitech’s STEM online learning
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sessions. The interviews focused on the most recent sessions the children had
participated in. The primary objectives were to understand what aspects of the
sessions they enjoyed, identify any challenges they encountered, and gather their
overall feelings about the online delivery. Consistency was maintained by employing
the same set of semi-structured interview questions with each child, although there

were variations to follow-up questions based on the responses of each child.

The interview questions were framed in familiar language that the children
could understand. As Patton (2015) emphasises, using words that make sense to the
interviewee is crucial for obtaining high-quality data during the interview process. In
accordance with this principle, technical jargon, and complex concepts were avoided
when discussing Scitech’s online delivery with the children. Language adjustments
were made to ensure the questions were accessible and meaningful to the children.
For example, Scitech’s presence in the classroom was often referred to as Scitech
being ‘on the TV,’ rather than referring to it as ‘online learning’ or ‘connecting to a
Microsoft Teams meeting.” This approach mirrored the language the children

themselves used.

School-based interviews were conducted with the children at their school in a
quiet break-out room located down the hallway from their classroom. These
interviews took place during a designated crunch-and-sip time in the morning,
chosen by their classroom teacher to minimise disruptions. The home-based
interviews occurred with the children and their parents at their homes after school, in
a room of their choosing. In each case, this was their living areas. The goal was to
create a comfortable environment that would encourage open responses from the
children. Additionally, stimulated recall techniques were employed during the
children’s interviews (Dempsey, 2010). This technique involved playing video
recordings of the children participating in the relevant Scitech sessions and
discussing specific aspects of their interactions. These compilations were created by
the researcher prior to each interview. By revisiting these moments, the children
were able to recall their experiences more vividly, while the researcher had the
opportunity to seek clarification or delve deeper into moments of interest. For the
complete set of semi-structured interview questions used refer to Appendix 20.

Sample questions for the children are included in Table 3.8.
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Table 3.8

Sample of children’s interview questions

Category Example

Feelings about STEM Can you tell me what you enjoyed about this activity? Was there
activity anything you didn’t enjoy?

Experience of online Was there anything about participating online that you didn’t enjoy?
delivery

The sample questions in Table 3.8 demonstrate the open-ended nature of the
interview, and the opportunities given to children to discuss their personal

experiences of Scitech’s sessions.

3.9.2.2 Educator Interview

The purpose of the interview with the Year 1 classroom teacher was to gain insight
into their experience facilitating the online STEM learning experiences within her
classroom, as well as her perspective on each case child’s creative engagement with
the sessions. The educator interview schedule was more comprehensive than the
children’s, with the set of questions relating to the preparation and delivery of each
session, as well as the engagement and creative behaviours of each case child. The
interview with the classroom teacher took place in their classroom after school on a
day that suited her. For the complete set of semi-structured interview questions used

refer to Appendix 20. Sample educator questions are included in Table 3.9.

Table 3.9

Sample of educator’s interview questions

Category Example

Live Shows Was there anything about participating online that you enjoyed? Can
you see benefits to the online delivery of Scitech’s shows?

Face-to-Face vs. Online What differences did you notice in [child’s name] as they

participated in the online STEM learning experiences, compared to
when you deliver STEM activities in the classroom?

The sample questions in Table 3.9 demonstrate the open-ended nature of the
interview, and the opportunities given to the classroom teacher to discuss their
personal experiences of Scitech’s sessions and their observations of the children’s

creative involvement.
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3.9.2.3 Parent Interviews

The purpose of the interview with each of the case children’s parents was to gain
insight into their experience facilitating the STEM online learning experiences at
home, as well as their perspective on their child’s creative engagement with the
sessions. The parent interview schedule was more comprehensive than the children’s,
with the set of questions relating to the preparation of the home sessions, as well as
the engagement and creative behaviours of their child. The interviews with the
parents occurred during the home-based interview with their child. While all three
children lived with two parents, the parent who was present during the majority of
the four online sessions was the one who participated in the interview. During the
parent interview, the children were given the choice to stay and listen or go and play.

The parents interviewed are listed below:

e Beth’s mum (attended all four sessions)
e Chloe’s dad (attended three and a half of the four sessions)

e Jett’s mum (attended three of the four sessions)

For the complete set of semi-structured interview questions used refer to Appendix

20. A sample parent question is included in Table 3.10.

Table 3.10

Sample of parent’s interview questions

Category Example
Experience of the online Did you encounter any challenges with the club being delivered
afterschool STEM club online?

The sample question in Table 3.10 demonstrates the open-ended nature of the
interview, and the opportunities given to the parents to discuss their personal

experiences of Scitech’s sessions.

3.9.2.4 Scitech Interviews

The purpose of the interviews with the Scitech facilitators was to gain insight into
their experience preparing and delivering the online STEM learning experiences, as
well as their perspective on the children’s creative engagement with the sessions.

The Scitech interview schedule was more comprehensive than the children’s, with
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the set of questions relating to the preparation and delivery of the sessions as well as
the children’s creative behaviours. The interviews with the Scitech facilitators took
place during their work hours. They remained in their Perth-based office and
participated in the interview via Zoom. For the complete set of semi-structured
interview questions refer to Appendix 20. A sample Scitech facilitator question is

included in Table 3.11.

Table 3.11

Sample of Scitech’s interview questions

Category Example
Experience of the online How did it feel to deliver the [show/workshop] online, instead of
delivery face-to-face?

The sample question in Table 3.11 demonstrates the open-ended nature of the
interview, and the opportunity given to the Scitech facilitators to discuss their

personal experiences of the online delivery.

3.9.3 Field Notes

Jewitt & Mackley (2019) recommend the use of research field notes in conjunction
with video data. These field notes can serve various purposes, such as providing
substantive, theoretical, methodological, or personal insights. Throughout the
project, the researcher created field notes to document noteworthy occurrences
during the preparation and delivery of online sessions, as well as additional notes that
could support participants’ comments in the future. After each observation and
interview, the researcher completed field notes electronically, following the data
management plan for the project, which included storing them securely on the
researcher’s university R:// drive and external back-up drive. While in the field, the

researcher utilised the Notes app on her iPhone to create memos.

3.9.4 Mapping of environments (diagrams)

The researcher conducted systematic mapping of the physical environments where
the children engaged in Scitech’s STEM sessions. The aim of this mapping process
was to identify the characteristics, arrangement, and role of digital technologies
within each environment, thus providing insights into their influence on online

learning experiences. To accomplish this, the researcher captured photographs of the
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physical environments, which subsequently served as references for creating
diagrams using Adobe Photoshop. These diagrams were saved as image files for
further analysis and documentation. The specific physical environments that

underwent mapping are listed in Table 3.12. The maps are included in Chapter 4.

Table 3.12

List of environments included in mapping

Environment Child Room

School All children Classroom

Home Beth Playroom

Home Chloe Dad’s study

Home Jett Open living area (dining room)

3.10 DATA ANALYSIS

Analysing qualitative data involves moving from raw data to explaining and
interpreting the phenomena being investigated where the researcher is the primary
instrument (Cohen et al., 2018). Ultimately, a researcher aims to ensure the research
questions are answered, as well as contribute additional information which may
come to light during the analysis (Merriam & Tisdell, 2015). Given the diverse types
of data collected, the analysis for this project was comprehensive, employing specific
qualitative analysis methods tailored to each data type. Video observations were
analysed iteratively using V-Note Pro, a specialist video analysis software program,
with new themes identified as the data was reviewed (Strauss & Corbin, 1990).
Findings from the video data were used for narrative analysis to create rich, written
descriptions of the children’s experiences. The semi-structured interviews underwent
a thematic analysis using the cloud-based software, Quirkos. Each of the data

analysis methods employed are outlined in depth later in this chapter.

In the instance of case study research, data analysis requires organising all the
collected data, such as video observations, interviews, and researcher field notes, into
a case study database (Yin, 2014). Having the data organised as such serves as a
systematic archive for easy retrieval during the analysis process (Patton, 2015). For
this project, a case study database was compiled in accordance with the project’s

Data Management Plan. Specifically, all data was organised and stored on the
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researcher’s university R:// drive and backed up to a securely stored external hard

drive.

In a multiple case study, the analysis consists of within-case analysis
(focusing on understanding the variables specific to each case) as well as cross-case
analysis (comparing and synthesising findings across cases) (Yin, 2014). In this
project, the experiences of the three children were analysed (within-case analysis)
before the researcher compared the experiences of the children to one another (cross-
case analysis). The A-E Children’s Creativity framework (Murcia et al., 2020)
underpinned the analysis of all data in this study and was presented in Figure 2.2. As
discussed in Chapter 2, this is a literature-informed and empirically tested framework
that provides structure for assessing in what ways, and to what extent, children

engaged creatively during the STEM learning experiences.

3.10.1 Video Observations
The use of video observations provides a valuable means of capturing and analysing
real-time interactions and behaviours occurring during the research context. This

section focuses on the analysis of video data.

3.10.1.1 Computer Assisted Qualitative Data Analysis Software: V-Note Pro
Computer Assisted Qualitative Data Analysis Software (CAQDAS) offers valuable
capabilities when it comes to organising and managing large volumes of data,
assisting analysis, and facilitating communication within research teams (Merriam &
Tisdell, 2015). It is particularly beneficial when handling large amounts of data due
to its features of codes, selective retrieval, and quantitative counts of qualitative data
(Cohen et al., 2018). However, the term ‘assisted’ is crucial, for the software itself
simply serves as a tool for organisation and categorisation rather than conducting the
actual analysis (Bogdan & Biklen, 2011; Merriam & Tisdell, 2015). Further,
CAQDAS is not a specific method or approach to analysis, but rather a supportive
tool for researchers to organise their analysis process (Gibbs, 2013). Beyond
organisation and categorisation, Kelle and Laurie (1995) assert that CAQDAS
contributes to the validity and reliability of qualitative research by managing data
and ensuring the trustworthiness of data through comprehensive retrieval. The speed

and efficiency of organised and systematic data collection and retrieval are
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significant advantages, despite the time-consuming data entry process (Bellocchi et

al., 2019; Gibbs, 2013).

For this research project, V-Note Pro (https://v-note.org/) was used to assist

in the coding and analysis of the video data collected of each Scitech session. V-Note
Pro is video analysis software that provided a platform within which to view, label,
and extract qualitative statistics from the videos as well as observe and categorise the
children’s demonstrations of creativity. The video coding process took the form of

three coding phases which are outlined below.

3.10.1.2 Coding Phase 1: communication type

The video analysis was based on identifying and examining selected stages of
activity, referred to as episodes. Episodes are defined as stages of intentional activity
within a learning experience, when thinking and learning is evidenced, as defined by
the researcher. Selected episodes or parts of episodes, form the basis for units of

analysis (Hackling et al., 2014; Heikkild & Mannila, 2018).

After compressing, labelling, and importing the video data into V-Note Pro,
the first phase of the analysis process was to identify the episodes. This was achieved
through the first layer of coding, Phase 1: communication types. The video data
totalling almost nine hours was broken down into 1,053 episodes, in which episodes
were clearly bound time periods defined by the type of communication that was
occurring between the participants on screen. These types of communication were

defined as being either:

e Dialogic (two-way): communication was occurring in direct back-and-forth
between the Scitech facilitator and the children.

e Children-only: Children were directed to talk amongst themselves in the
classroom.

o Adult-Adult: Scitech and the teacher/parent were communicating directly to
one another.

e Scitech-only: Scitech facilitators were talking directly to the children in the

form of demonstrations or instructions.
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e No communication to others on screen: Children engaged with a task in front
of them, may have communicated with another person physically in the same

room.

These communication types were identified inductively by viewing the data.

3.10.1.3 Coding Phase 2: evidence of creative moments

Analysis was conducted on the 1,053 episodes to identify which ones qualified as
having evidence of children’s creativity according to the A-E of Children’s Creativity
framework criterion of product. This term was re-worded for this study to creative
moments, as it better encompassed the nature of the product types of the children
created. Two distinct categories of creative moments were identified, each with two

sub-categories:

e Materials-based > making: instances where the children were constructing
something with their hands.

o Materials-based > experimenting: instances where the children were
participating in hands-on experiments.

o Ideas-based > predicting: instances where the children were making
predictions before an experiment occurred.

o Ideas-based > problem-solving: instances where the children shared solutions

to problems that arose during shows, workshops or afterschool STEM club.

In total, 696 episodes with evidence of creative moments were identified. This
coding arose from a combination of inductive and deductive coding. Initially, the
researcher reviewed the data deductively for episodes which met the criteria of
having instances of a creative product. Then, an inductive process was undertaken to
determine the nature of those creative moments. This led to the categorisation of the
four types of creative moments: materials-based (making, experimenting), and ideas-
based (predicting, problem-solving). It became evident that in some episodes, more
than one type of creative moment could be applied. For instance, while children were
constructing their boats (materials-based > making), they would frequently

experiment to see if the boat could float (materials-based > experimenting). As such,

96



episodes were coded according to which creative moments were evident, meaning

there were some episodes with more than one creative moment label applied.

3.10.1.4 Coding Phase 3: focus strategies

Following the identification of the episodes with evidence of creative moments, the
next phase of coding involved identifying which types of focus strategies were
employed by the Scitech facilitators during those episodes. The purpose of this
coding was to ascertain what enabling communication elements encouraged
children’s creativity, as well as the ways the facilitators fostered a positive socio-
emotional climate. These are two elements of place identified in the A-E of
Children’s Creativity framework. The focus strategies emerged from inductive
coding by viewing the video data and observing the types of strategies employed by
the Scitech facilitators. The focus strategies identified were labelled into the

following categories:

e Extrinsic motivators: Milly/Tahlia providing motivators, such as time limits.

o Questioning (predicting, explaining): Milly/Tahlia posing questions to the
children.

e Responding to children’s queries and comments: Milly/Tahlia responding to
child-initiated questions or comments.

e Show me: Milly/Tahlia asking the children to share their progress with a task.

o Showing and sharing: Milly/Tahlia sharing their own progress with a task.

o Silence (time to focus): Milly/Tahlia strategically giving children quiet time
to work.

o Task setting (directions, extension): Milly/Tahlia providing instructions.

3.10.1.5 V-Note Pro statistics

Following the completion of the coding process within V-Note Pro, the researcher
made use of V-Note Pro’s statistics features, specifically the Export Linear Table
feature. This provided a breakdown of how many instances each code occurred
within the data, including duration and percentage of the video. These findings have

been included in Chapter 4. A screenshot of V-Note Pro is presented in Figure 3.1.
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Figure 3.1

Screenshot of V-Note Pro analysis

Figure 3.1 shows a screenshot of the researcher’s V-Note Pro file after they had

finished their three-phase coding process. At the top of the screen is the video itself,
a screen recording of Milly and the children participating in a hands-on activity.

Underneath are the different labels (codes) that the researcher applied to the video
data.

3.10.2 Narrative analysis

Following the coding and review of video data in V-Note Pro, the researcher began
to construct a narrative analysis of each Scitech session. Narrative analysis 1s a
common approach within case study research, often enabling readers to connect their
own experiences with those reported within the case study (Cohen et al., 2018).
Specifically, it is a way of organising the analysed data by constructing a narrative in
the form of a series of written descriptions based on the research findings (Cohen et
al., 2018). For this study, a series of descriptions was written by the researcher to
describe the creative moments observed during each of the sessions. This approach
has been used by other early childhood education researchers exploring creativity
within STEM (Murcia & Oblak, 2022; Murcia et al., 2020; Tippett & Yanez
Gonzalez, 2022), highlighting its suitability for this study.
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Twenty-three narrative analysis descriptions were created. The structure of each

narrative analysis was consistent, incorporating:

e Title: name of the Scitech session being described.

e Introduction: a brief description of the Scitech session.

e Photograph: a photograph that captures events described within narrative.

e Narrative: a written description of what occurred, synthesised from
researcher observations and semi-structured interview responses.

e Place elements: a table listing which place elements from the 4-E of
Children’s Creativity framework and communication types from the V-Note
Pro coding were observed.

e Process characteristics: a table listing which process elements from the 4-F
of Children’s Creativity framework and Creative moments from the V-Note

Pro coding were observed.

3.10.3 Semi-structured interviews
The following section provides details about the technology used for the analysis of

the semi-structured interviews, as well as the process for thematic analysis.

3.10.3.1 Technology used for analysis of semi-structured interviews

Otter.ai (https://otter.ai/): The researcher utilised the secure online transcription
service, Otter.ai to transcribe each audio recording in its entirety. Each transcription
was then carefully reviewed and corrected by the researcher for accuracy. Otter.ai is
an online service capable of providing transcription for uploaded audio files,
ensuring efficient and reliable transcription. The user retains control over the stored
data, with the ability to withdraw information at any time. In accordance with
Otter.ai’s privacy policy, the platform takes comprehensive measures, including
physical, administrative, and technical safeguards, to protect the confidentiality,
integrity, and availability of personal information. The researcher opted for the paid
version of Otter.ai, utilising it for a period of three months. Once the transcription
process was completed, the researcher deleted all audio recording and transcription
files from Otter.ai, storing them securely on the researcher’s university R:// drive and

external back-up drive as per the study’s Data Management Plan.
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Quirkos (https://www.quirkos.com/index.html): The transcriptions developed in
Otter.ai were imported into Quirkos, an online tool that facilitated the visual
organisation of the data into codes. Initially, the researcher used Microsoft Excel

(https://www.microsoft.com/en-au/microsoft-365/excel) for this process, but found

Quirkos offered greater visuals and flexibility. In accordance with Quirkos’ privacy
policy, the platform takes comprehensive measures, including physical,
administrative, and technical safeguards, to protect the confidentiality, integrity, and
availability of personal information. The researcher opted for the paid version of
Quirkos, utilising it for a period of twelve months. Direct quotes from the interviews
were visually placed within bubbles on the screen for review and analysis. This

allowed the researcher to organise data from across multiple interviews into themes.

3.10.3.2 Thematic Analysis of semi-structured interviews

Thematic analysis was chosen as the analytical method to identify themes in the
interview data (Braun et al., 2019; Cohen et al., 2018). Following this approach,
themes were developed through exploring and developing an understanding of the
patterns within the data, following Braun et al.’s (2019) six phases of reflexive

thematic analysis.

Phase one - Familiarisation: The first phase involved the researcher becoming
‘immersed’ in the data and making casual notes (Braun et al., 2019). For this study,
the researcher became familiar with the semi-structured interview data during the
Otter.ai transcription process, which involved listening to each interview several
times. Casual notes were made at the time of listening and re-reading the

transcriptions.

Phase two - Generating codes: The next phase of the process saw the researcher
succinctly and systematically identifying meaning through the data, organising it
around similar meanings in the form of ‘chunks’ of text (Braun et al., 2019). For this
study, the researcher created initial codes inductively within Quirkos, whereby the
starting point of analysis was with the data rather than existing concepts or theories

(Terry et al., 2017).
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Phase three - Constructing themes: Themes were then constructed and tested out in
relation to the research questions and overall data (Braun et al., 2019). This involved
reviewing codes and collating similar codes together. This process was easily
completed in Quirkos, which allowed for the merging of ‘quirks’ (chunks of text
from interviews) when codes were to be combined, and the re-naming of quirks as

theme names changed.

Phase four and five - Revising and defining themes: During these phases, clear
definitions of each theme were developed, helping to clarify the scope of each theme
as well as development of thematic maps (Braun et al., 2019). The maps assisted in
seeing how themes fitted together and ensured themes did not overlap. Rigorous
testing continued to be carried out of the themes, to ensure they related to the

research questions and overall data.

Phase six - Producing the report: The final phase involved revisiting the research
questions, notes from earlier phases, lists of codes, and theme definitions to ensure
the final themes remain close to the data and answer the research questions (Braun et
al., 2019). The researcher completed this process, resulting in the final themes

presented in Chapter 4.

The themes generated through this process are organised under three categories,
chosen by the researcher: experiences, affordances, and challenges. These categories
assist in the logical organisation of the themes that emerged. A screenshot of Quirkos
presented in Figure 3.2 demonstrates how it was used for the thematic analysis of

this study’s semi-structured interview data.
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Figure 3.2
Screenshot of Quirkos

o B Y @ » 0O 'o Paused;‘

It can be sometimes hard to gauge the level of creativity or engagement online.
Engagement and creativity can be, you know, "let's do this and let's do that"

B Scitech_[Home STEM Club].docx

'ould you have found though in a face-to-face situation, doing those exact same
tivities that the competition with their sense of sound still there?

Scitech 05:10

It is, but your method of behaviour management is different. So, something really|
simple like standing and moving to their eyeline or being in their field of vision, or like
‘ physically getting in front of them. So I'm not relying on the student to turn to be able
o see me | can move into that space. That helps a lot when it comes to these sorts off
Absorbed activities that are engaging their senses in a very focused thing. But like, when yo
need to get their attention back, how do you do it?

‘ A scitech_[School]l.docx

Participating/Listening

Concentrating

| guess also like, along the prepping delivery line, something that we kind of wanted to
onsider as well was just the amount of, | guess, teacher or adult to kid ratios that we

had even for the shows because if we are encouraging people to do something like

make noise, it's like "am | going to create a difficult situation for the teacher to then get|
he attention back on the screen?" because they're already engaging one of the

primary senses that they need to use to realise that I'm talking to them, but I'm using]
hat sense to focus on a different activity. So that whole game and that balance of "use]
our senses to do this thing, but also | need you to keep them switched on for me a:

Figure 3.3 captures the way Quirkos allowed for themes to be created, and extracts
from each of the semi-structured interviews be grouped within these themes.
Specifically, this screenshot captures the theme of focus which is detailed in Chapter

4 and Chapter 5 of this thesis.

3.10.4 Field notes

In this research, field notes played an important role in facilitating the qualitative
analysis of the collected data, complementing the coding process. The researcher
revisited the field notes to identify key emerging themes and searched for supporting
or related material once themes had been identified through coding. Any relevant

field notes taken during the interviews were integrated into the narrative descriptions

102



of analysis. Field notes were documented in dot point format before, during, and

after each Scitech session in the researcher’s iPhone Notes app.

3.10.5 Mapping (diagrams)

In conjunction with the coding process, the utilisation of maps proved instrumental
in facilitating the effective qualitative analysis of the collected data. These were
created by the researcher using Adobe Photoshop, drawing upon photographs of the
environments taken during the sessions. The maps were examined to provide
additional insight into the influence the children’s physical environments had on
their online learning experiences. For instance, the maps allowed the researcher to
cross examine the similarities and differences of each child’s home learning

environments during the afterschool STEM club sessions.

3.11 MEASURES OF RESEARCH QUALITY
It is acknowledged that every research project faces threats to validity and reliability,
and these threats can never be completely erased (Cohen et al., 2018). The following

section explores the methods employed in this project to establish research quality.

It is essential for researchers to ensure their instruments for understanding
phenomena are as sound as possible, particularly when observing unclear constructs
such as ‘creativity’ (Cohen et al., 2018). In qualitative research, validity concerns the
extent an instrument measures what it claims to measure, along with ensuring the
meaning and interpretation of results are sound (Cohen et al., 2018). Reliability,
meanwhile, is concerned with precision, accuracy, and replicability (Cohen et al.,
2018). Lincoln and Guba (1985) posit the term ‘reliability’ be replaced with the
notion of ‘dependability’ as it is more suitable for qualitative research. There are
several ways in which a researcher can ensure validity, dependability, and
transferability in a qualitative research project, including triangulation, adequate
engagement in data collection, researcher’s reflexivity, and audit trails. These
strategies are explored in the context of this research project in the sub-sections

below.
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3.11.1 Triangulation

Triangulation is one of the best-known strategies to ensure the internal validity of a
study (Merriam & Tisdell, 2015). As Patton (2015) explains, “triangulation, in
whatever form, increases credibility and quality by countering the concern (or
accusation) that a study’s findings are simply an artifact of a single method, a single
source, or a single investigator’s blinders” (p. 674). This study employed
triangulation using multiple sources of data, comparing and cross-checking data
collected through observations at different times, and interview data collected from
people with different perspectives or from follow-up interviews with the same
people. This approach is a powerful strategy for increasing the credibility of research

(Merriam & Tisdell, 2015).

3.11.2 Adequate engagement in data collection

Another strategy for establishing credibility is through adequate engagement in data
collection. This relates the notion of the data and emerging findings feeling
saturated, in other words, the researcher begins to see or hear the same observations
or themes over and over, with no new information surfacing as more data is collected
(Merriam & Tisdell, 2015). This study had a fixed number of Scitech sessions that
were observed, and a pre-determined number of interviews. However, through the
process the researcher observed adequate engagement and saturation in several ways.
For instance, in observing how children demonstrated creativity online, the
researcher consistently observed the same processes in the children during each of
the sessions. Likewise, during the interviews with the children, there was consistency
in their responses about how they enjoyed the online delivery. By the end of the data
collection process, the researcher was confident the data had reached a satisfactory

saturation point.

3.11.3 Researcher’s position or reflexivity

Reflexivity is an essential component of qualitative research (Berger, 2015).
Reflexivity acknowledges that the researcher is an inescapable part of the social
world they are researching (Atkinson, 2006; Hammersley & Atkinson, 1983) and
they bring their own values to the research situation. Hammersley and Atkinson
(1983) further emphasise that qualitative data analysis itself becomes a constructed

interpretation, where reflexivity influences decision around organisation, theme
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selection, and narrative style. Researchers need to explain their biases, dispositions,
and assumptions regarding the research to be undertaken. Further, Patton (2015)
argues that credibility hinges partially on the integrity of the researcher, and one

approach to dealing with this issue is for the researcher to:

Look for data that supports alternative explanations...failure to find strong
supporting evidence for alternative ways of presenting the data or contrary
explanations helps increase confidence in the initial, principal explanation
you generated (p. 653-654).

The researcher stated their motivation for research in Chapter 1 of this thesis.
They described their pre-existing interest and experience as a STEM educator and
advocate for effective online learning. This position had the potential to affect the
study in that a positive disposition could make the researcher hesitant to observe
constraints, challenges, or limitations. This risk was mitigated by the inclusion of
probing questions in the semi-structured interview schedule for all participants,
prompting them to reflect on challenges or aspects of the online delivery they did not
enjoy. This led to the emergence of a category titled, challenges in the thematic

analysis of the semi-structured interview data.

The researcher maintained a professional relationship with all participants
throughout the study. A positive rapport was quickly established with the parents,
Scitech facilitators, and the classroom teacher, and the researcher was aware of the
trust and responsibility placed upon them. Building relationships with the children
was crucial in understanding their experiences of creativity during online STEM
learning activities. Care was taken to adhere to best practice throughout the entire
research process. Additionally, this study drew on multiple data sources which

facilitated data triangulation and helped mitigate researcher bias.

3.11.4 Audit trail

An audit trail in qualitative research describes in detail the ways the data was
collected, how categories were derived, and how decisions were made throughout the
research process. Part of this process involves the researcher keeping field notes on
the processes throughout the project (Merriam & Tisdell, 2015). This is to account

for the notion that “while we cannot expect others to replicate our account, the best
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we can do is explain how we arrived at our results” (Dey, 1993, p. 251). Throughout
this study, the researcher maintained field notes during the process of data collection
and data analysis. The process for collecting and analysing the data has been outlined

in detail in this chapter, along with the supporting appendices.

3.11.5 Transferability

By design, qualitative research does not aim for replicability, but rather
transferability, where the researcher needs to provide “sufficient descriptive data” to
make transferability possible (Lincoln & Guba, 1985, p. 298). To ensure the
possibility of transferability, researchers can create “thick description of the sending
context so that someone in a potential receiving context may assess the similarity
between them and...the study” (Lincoln & Guba, 1985, p. 125). These rich
descriptions include details of the findings with adequate evidence presented in the
form of quotes from participant interviews, field notes, and artefacts (Merriam &
Tisdell, 2015). Included in Chapter 4 of this thesis are rich descriptions in the form
of photographs and narrative analysis. The children’s experiences of participating in
the online Scitech sessions are described in detail, drawing upon researcher
observations, and supporting data from participant interviews. These details
established the context and experiences of the children and with the notion that
qualitative research seeks to represent the phenomenon being investigated in a full

and fair way, as opposed to seeking to generalise (Cohen et al., 2018).

3.12 ETHICAL CONSIDERATIONS

Ethics has been defined as “a matter of principled sensitivity to the rights of others”
(Cavan, 1977, p. 810). In education research, it is crucial for researchers to consider
the impact of their studies on participants and uphold their dignity as human beings
(Cohen et al., 2018). This project adhered to the NHMRC National Statement on
Ethical Conduct in Research Involving Humans (2018) and followed the ethical
regulations set by Curtin University. Ethical approval for the research was obtained
through Curtin University’s Human Research Ethics Approval process and Catholic
Education Western Australia’s approval process. Copies of the approval letters can
be found in Appendix 1 and Appendix 2. This research was categorised as a ‘low
risk’ study. The following sections provide further insights into the ethical

considerations for this research project.
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3.12.1 Informed consent

The principle of informed consent is underpinned by the concept of autonomy,
recognising an individual’s right to freedom, and self-determination (Cohen et al.,
2018). Participants must have the ability to assess the risks and benefits associated
with their participation in research and make an informed decision on whether to
take part or withdraw (Frankfort-Nachmias & Nachmias, 1992; Howe & Moses,
1999). Informed consent is an ethical and legal requirement of research and is a
voluntary agreement to participate in the research (Cohen & Morrison, 2000).
Informed consent implies all participants understand what will happen throughout
the project, as well as their rights and responsibilities. It also states that participates

volunteer willingly and can withdraw at any time with no negative consequences.

In the context of this research project, informed consent was obtained from
all participants in accordance with legal and ethical requirements. Along with an
initial letter of introduction and invitation, participants received a Participant
Information Form and Consent Form. These documents included information
outlining the purpose and aims of the study, as well as details of their involvement.
Consent forms were returned to the researcher prior to the commencement of data
collection. Parents provided consent for their children’s participation, and the
children themselves demonstrated their willingness by signing their names and

colouring in a thumbs-up icon.

To ensure the safety and comfort of the children throughout the study,
ongoing consent was sought. At the beginning of each interview, the rights of the
child were reiterated, acknowledging their right to participate, skip questions, or
withdraw from the interview entirely. Children acknowledged verbally that they

understood this before the interview commenced.

3.12.2 Anonymity

Confidentiality of participant identities is crucial, and any potential revelations
should only occur with the agreement of the participants, as emphasised by
Frankfort-Nachmias and Nachmias (1992). Anonymity essentially means that the

information provided by participants should not reveal their identity, and personal
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data that could uniquely identify individuals should be avoided. When a researcher
or another person cannot identify the participant based on the information provided,

the participant is considered anonymous (Cohen et al., 2018).

In the context of this study, pseudonyms were used in place of participants’
real names and the name and location of the school was not disclosed (Frankfort-
Nachmias & Nachmias, 1992). All transcripts and other instances where participants
names were recorded were de-identified. The researcher had access to a ‘key’ for the
pseudonyms and this was stored separately from the data. Where possible, photos
taken throughout the observation period did not include children’s faces, to protect
their identities. Where faces were visible in photographs or stills from the video data,

measures were taken to obscure their faces, so they were not recognisable.

Due to the uniqueness of the organisation within a Western Australian
context, along with the permission received, Scitech have been referred to by name
throughout this thesis. While the names of the Scitech staff have been replaced, the
organisation name itself has been used. The structure of the project was such that the
participating children worked together in the classroom with Scitech and at home
with Scitech. As such, it wasn’t feasible to protect participant identities from one

another.

Non-traceability is an important consideration (Raffe et al., 1989), and all
attempts were made to ensure data cannot be combined and individuals identified.
For instance, the exact location of the primary school is not revealed in publications,
however, it could be possible for interested parties to deduce the location of the

school based on the location of the researcher.

3.12.3 Confidentiality

Preserving a participant’s right to privacy can be achieved by ensuring
confidentiality, which involves not disclosing information which could identify or
enable traceability. Measures include avoiding discussions about the individual with

others and refraining from sharing information that could reveal their identity in any

form (Cohen et al., 2018).
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The researcher established their position on confidentiality during the initial
recruitment and data collection phases. During these phases, the researcher explicitly
communicated to the participants the importance and boundaries of confidentiality as
it related to the project. Participants were provided with clear explanations, both
written and verbal, regarding the extent of confidentiality. The researcher did not
disclose the names of participants to others during, or after, the study verbally or in

publications.

3.12.4 Researching with children

Considerations were made regarding the nature of this research, which primarily
involved working with children. Specifically, efforts were made to ensure that the
research did not interfere with children’s learning or adversely impact their after-
school time. Data collection for the school-based activities took place during regular
school hours and was integrated into the classroom during their usual Investigation

Time, resulting in minimal disruption to the children’s learning schedule.

The interviews with the children at the school were scheduled during their
morning crunch-and-sip times, as per the classroom teacher’s request. This timing
was chosen to minimise disruption to the children’s break times or lesson time. The
afterschool STEM club sessions and interviews were conducted immediately after
school, from 3:15 — 4:00pm. This time slot was preferred by each of the parents as it
allowed for a seamless continuation of the children’s engagement in learning
activities, while still providing them with time together in the afternoon for dinner,

homework, and other activities.

3.12.5 Power imbalance

During the data collection process, the researcher was aware of the potential power
imbalance between themselves and the participants (Creswell & Creswell, 2018). It
was recognised that the researcher often holds a position of greater power than
participants, whether it be due to status, knowledge, role or other factors. This is in
part because the researcher determines various aspects of the research, such as

agenda, timing, duration and what is considered acceptable and useful data (Cohen et

al., 2018).
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When working with children, these power imbalances become more
pronounced as children are typically more vulnerable and hold less power than adults
or researchers. To address these imbalances and create a positive and enjoyable
experience for the children, several strategies were employed to establish rapport,
build trust, and minimise the power dynamics (Cohen et al., 2018). Throughout the
data collection phases, every effort was made to create a safe and comfortable
environment. For instance, the researcher took steps to familiarise the children with
their presence in the classroom, conducting an initial Meet-and-Greet session prior to
the first observation. The novelty of having someone in the classroom quickly
dissipated after the classroom teacher-led Light Investigation session. Participants
were informed that their participation was voluntary, and no pressure was exerted on
anyone to continue their participation. The Participant Information Forms explicitly
stated that participation was a personal choice, and participants had the right to

withdraw at any time.

During the interviews, the researcher actively listened to ensure each
participant felt heard. The children were engaged in the interview process, with the
researcher asking if they were familiar with audio recording on an iPhone. The
researcher gave the children the responsibility of hitting the ‘Record’ button and to
say whatever they liked into the phone as a sound rehearsal. The children enjoyed
listening to the playback, before hitting the ‘Record’ button again to start the
interview, and then at the end to stop the interview recording. Involving the children
in this process was an attempt by the researcher to help the children feel relaxed, and

at least partly in control of the interview process.

3.12.6 Risks to participants

Hammersley and Traianou (2012) outline various types of potential harm that
participants could face during a research project, including physical injury,
psychological or emotional damage, material loss, reputational harm, and damage to
ongoing projects. In the context of this research project, there were no apparent risks
or harm for participants. The data collection, including video observations and semi-
structured interviews, took place within the normal class time at school and in the
participants’ homes after school, ensuring minimal disruption. Any concerns or

queries raised by parents, educators or Scitech facilitators were addressed before or
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during the interviews or sessions. While there was a slight possibility of participants
experiencing some form of anxiety due to being closely observed, no participant
expressed such concerns. In anticipation of any potential anxiety, measures were
prepared by the researcher to ensure participants, especially children, were made
aware of their agency and option to withdraw at any time. In the event of unease
within the classroom environment the researcher would create distance and
potentially postpone observations. Further, ample opportunities were provided for
participants to ask questions and seek clarification. It is important to note that the
none of the above measures needed to be implemented as participants did not raise

any issues to express unease during the data collection phase.

3.12.7 Online interviews

Due to the researcher living in regional Western Australia and the Scitech facilitators
residing in Perth, it was necessary for their interviews to be conducted online. The
researcher was aware of considerations when using technology for this process.
Firstly, not all individuals have access to technological tools; technology is prone to
malfunctions and breakdowns; and there is always a risk of compromising
confidentiality when employing computer-mediated communication (Merriam &

Tisdell, 2015).

In the specific context of this study, interviews were conducted with Scitech
facilitators during their work hours, utilising their work devices. Prior interactions
with the participants demonstrated that they were familiar with the online video
conferencing technology being employed. Precautions were taken to test the audio
functionality before commencing the interviews. Additionally, as a back-up measure,
audio recording from the researcher’s iPhone was taken, with the iPhone placed near
the computer to capture the audio. Both computers used for the interviews were
connected to secure networks, minimising the potential risk to privacy during the

Interview sessions.
3.13 LIMITATIONS OF RESEARCH METHOD

Qualitative research can be both time consuming and labour intensive. This study

adopted a qualitative, multiple case study approach with several data sources
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collected. While this approach assisted in providing rich insight into the children’s

experiences from various perspectives, it was not without its limitations.

Case studies provide detailed insights, focusing on a smaller number of
individuals compared to quantitative data (Ward & Delamont, 2020). However,
small case studies may not be replicable, representative, or generalisable (Cohen et
al., 2018). In this study, a limitation of this research method was the small number of
case children involved. As mentioned earlier in the chapter, initially five children
volunteered for the study, but due to the unforeseen circumstances previously
outlined, only three children were included for data analysis. This limited the ability
to draw broader conclusions about the implementation of STEM learning
experiences that foster creativity online. It did, however, provide a rich insight into

the case children’s experiences that offer opportunities for transferability.

According to Merriam and Tisdell (2015), it is advisable to plan data
collection sessions based on insights gained from previous observations. A limitation
of this study was the absence of follow-up interviews conducted well after the
completion of the Scitech activities, which concluded in Term 4, 2022. Additional
follow-up interviews could have allowed for exploration of emerging themes that
were being identified during the V-Note Pro data analysis phase, that were not

initially anticipated during the semi-structured interviews.

The participants who willingly volunteered to be part of this project
acknowledged a pre-existing interest in Scitech, science, and STEM. Consequently,
their prior engagement in Scitech, science or STEM activities may have contributed
to heightened creative thinking skills. However, given the specific, time-bound
experiences of the Scitech sessions, this study’s focus allowed for a personalised
understanding of each child’s creative process. This contributes to our understanding
of how children’s creativity can be fostered online, regardless of the level of creative

skills prior to the sessions.

3.14 CHAPTER SUMMARY
This chapter has provided a detailed overview of the research methods adopted for

this study. It began by providing details about the research design, including the
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guiding paradigm, epistemology, and methodological approach before discussing the
context for the research. This is important given the extent to which they guide the
research approach and determine how findings are interpreted and analysed. This
was followed by information about the recruitment of participants, as well as an
overview of the data collection and analysis process. The chapter concluded by
discussing measures of research quality, ethical considerations, and limitations of the
research approach. The research methods were selected because of their suitability to
collect findings that answer the underpinning research questions of this study. A
qualitative, multiple case study approach allowed for a rich exploration into the
children’s participation in Scitech’s STEM activities, supported by the collection of
data from multiple sources. Specifically, this allowed for the unique experiences and
perspectives of each child to be highlighted and cross examined. The following

chapter outlines the findings from the data collection.
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CHAPTER 4: FINDINGS

4.1 INTRODUCTION

The previous chapter provided an overview of the research methods adopted for this
study. It justified the choice of a qualitative case study approach to capture children’s
unique experiences as this aligned with the guiding research questions. This chapter
outlines the findings from the data collection, guided by the study’s research
questions around the environmental elements and creative processes of children. The
findings begin with an overview of the case children’s experiences during each of the
Scitech sessions to provide context. This is followed by diagrams of the children’s

physical learning environments, as well as a breakdown of the frequency of

communication types, creative moments, and focus strategies drawn from the V-Note

Pro coding. Then, detailed narrative analysis of the Scitech sessions and thematic

analysis of the semi-structured interviews is provided. Finally, key findings from

cross-case analysis of the children’s experiences are outlined.

4.2 OVERVIEW OF CHILDREN’S EXPERIENCES DURING SCHOOL
SESSIONS AND AFTERSCHOOL STEM CLUB

Table 4.1 provides a description of each child’s experience as they participated in

Scitech’s school-based sessions and afterschool STEM club. These descriptions have

been written as a synthesis of observations by the researcher and responses from all

participants during the semi-structured interviews.

Table 4.1

Overview of children’s experiences during school sessions and afterschool STEM club

Chloe

Jett

Beth
Science is Very engaged, she particularly
Spectacular!  enjoyed the dried ice
Science show experiments. Enjoyed the
(school) opportunity to make
predictions but wanted more
time to consider those
predictions.
Mini Very engaged and enjoyed
Volcanos activity. Successfully created a
Face-to-face =~ mini volcano with her group.
(school)

Very engaged, she
particularly enjoyed the fire
demonstrations. Enjoyed the
opportunity to make
predictions but wanted less
time to do so, as she wanted
to keep watching and see
what would happen.

Very engaged and enjoyed
activity. Successfully
created a mini volcano with
her group.

Very engaged, he particularly
enjoyed the explosions.
Enjoyed the opportunity to
make predictions, felt he had
the right amount of time to
make his predictions.

Very engaged and enjoyed
activity. Successfully created
a mini volcano with his
group.
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Bend, Twist, Absent On task and worked On task and worked mainly
Stretch & independently and independently. Remained
Squash systematically through the focused for duration of
Workshop materials. Took her time activity. Worked
(school) experimenting with some systematically through
materials, putting down her ~ materials and was the first to
pencil so she could finish. Began thinking about
manipulate with both hands.  extension question but
Didn’t quite finish activity. seemed more interested in
Enjoyed making the slime manipulating the materials.
and followed all Enjoyed making the slime,
instructions. followed all instructions.
Enjoyed experimenting by
adding extra water/powder.
Sound Cups ~ Worked quietly and Absent Had initial challenges
Workshop independently on first activity, building the sound cup (fine
(school) and independently motor skills). Independently
experimented with different experimented with different
ways to make sounds with her ways to make sounds with his
cup. Followed her peers when cup, which were quite unique
they got off task, but re- compared to his peers.
focused with Milly’s focus Became unfocused half-way
strategy (show me). Although through the activity, however
she didn’t speak during the re-focused with Milly’s focus
activity, she chose to come up strategy (show me).
to the AV screen to smile and Beth and Jett worked together
wave at Milly. on telephone activity. Quickly
Beth and Jett worked together worked out to pull the cups
on telephone activity. Quickly tight to make telephone work.
worked out to pull the cups
tight to make telephone work.
What’s in the ~ Worked quietly and Enjoyed sharing with Milly ~ Enjoyed sharing with Milly
Cup? independently, focused on what she thought was in the ~ what he thought was in the
Workshop listening carefully to each of cups while she worked. cups while he worked.
(school) the sounds. Worked slower Worked mainly quietly and ~ Worked mainly quietly and
than the other two children, independently and finished  independently. Was the first to
and it was not clear if she investigation. Did not finish investigation. Appeared
finished activity. Did not appear to get many answers  to get a couple answers
appear to participate when correct when Milly shared correct when Milly shared
Milly asked class to share answers with the class and answers the class.
what they thought the answers  seemed a little disappointed
were. by this.
DIY Shakers =~ Worked quietly and Worked quietly and Appeared excited but a little
Workshop independently on her DIY independently on her DIY restless during DIY shaker
(school) shaker during both design and  shaker during both design design phase. Enjoyed sharing
making phases. Needed some  and making phases. Needed  with Milly his design idea.
help with fine motor skill some help with fine motor Worked quickly on shaker
tasks. She designed her shaker  skill tasks. Chose to put creation, needed some fine
like a bunny, scrunching up both rice and pasta in her motor skill assistance.
the pipe cleaner as a tail. shaker, even though the Finished after only a few
While testing her shaker at the  brief was to select just one.  minutes. Milly engaged him
end of session, one end fell off Chose to stick a pipe cleaner  in several extension questions
and her rice spilt on floor. She  out the top of shaker to help  for remainder of activity. At
was able to quickly fix the her identify it as hers. times he appeared to rush
shaker. through these activities but
said he enjoyed them.
Quiet as a Enjoyed the show and was Enjoyed the show, and Enjoyed the show,
Mouse emotionally invested in the particularly enjoyed the particularly when they were
Puppet show  characters and their journey, character of Melody the cat.  allowed to use their shakers.
(school) particularly enjoyed the
character of Melody the cat. During the musical During the musical
instrument investigation, instrument investigation,
started off with only one started off with only one
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Wind Houses
Afterschool
STEM club
(home)

Egg Drop
Afterschool
STEM club
(home)

During the musical instrument
investigation, started off with
only one instrument between
five and the children quickly
got off-task. They re-focused
once teachers distributed more
instruments.

While initially quiet, she
quickly began talking
enthusiastically, sharing, and
engaging in conversation,
particularly with the other
children. However, she
became quieter as the session
progressed, appeared focused
on her construction. Towards
the end of the session, she did
not engage in the various
conversations.

Her house was large and quite
elaborate. Her mum sat with
her for half the session,
providing some assistance
towards the end. She lacked
confidence in the success of
her design during construction
phase and did not feel ready to
test at the end. Was visibly
happy when she and her mum
tested the house, and it didn’t
fall over. Continued working
on build after session ended.

Engaged with Tahlia’s initial
questions about gravity, eager
to provide answers and keen to
test out gravity on her own
toys. Eager to share initial
ideas and responded well to
Tahlia’s questioning around
how to use materials. Her
design involved protecting the
cup with pom poms, which the
egg would fall into. Engaged
in less conversations with the
others compared to last week.
Conversations centred almost
exclusively around the task.
Was not ready to do the first
test. Adapted her design when
Tahlia requested the others
build around the egg. Her
modified design involved
using a brown paper bag as
parachute. Volunteered to drop
her egg during second test run,
then second-guessed herself at
the last minute. Tahlia and the
others counted her down to
dropping egg. Attempt was
unsuccessful. Continued
working on build after session.

instrument between five and
the children quickly got oft-
task. They re-focused once
teachers distributed more
instruments.

Listened and was focused
on Tahlia’s introduction.
Was excited to be online and
engaged with task. Engaged
regularly in conversations
with others, both children
and Tahlia. Responded well
to Tahlia’s focus strategy
(questioning) regarding her
house design. Her parents
sat with her and provided
some assistance and
feedback. Built a detailed
house, with consideration to
aesthetics as well as
structure. Did not appear to
finish house design (i.e., no
roof, half walls). Engaged
with Tahlia’s focus strategy
(Showing & sharing) and
was the only child eager to
test her house after watching
Tahlia test her house.
Testing with the hairdryer
caused some parts of house
to fall. Continued working
on build after session.

Engaged with Tahlia’s initial
questions about gravity,
eager to provide answers.
Her design involved a
landing for the egg. Was
eager to share initial
progress of her design. Was
feeling unwell during this
session. Engaged in less
conversations with the
others compared to last
week, and conversations this
week centred almost
exclusively around the task.
First test was successful.
Tahlia requested a second
design where she built
around the egg. Built a new
structure but struggled to
understand the concept of
building around the egg.
Her dad sat nearby for this
session, but she was wearing
headphones, so he couldn’t
hear Tahlia’s instructions.
Second attempt was
unsuccessful. Continued
working on build after
session.

instrument between five and
the children quickly got oft-
task. They re-focused once
teachers distributed more
instruments.

Listened and focused on
Tahlia’s introduction. Was
excited to be online,
particularly opening the pack
of materials. Engaged
regularly in conversations
with others, particularly the
other children. Mentioned on
several occasions he was
finding the build challenging
and re-started his design at
least once. He got distracted
at times, although re-focused
with Tahlia’s strategy (task
setting). He lacked confidence
in the success of his design
during construction. Engaged
with Tahlia’s focus strategy
(showing & sharing) but did
not feel ready to test his own.
He continued to persevere
with his build, although did
not complete the roof. Tested
blowing his house down on
his own at the end of the
session, the house stayed up.
Continued working on build
after session.

Engaged with Tahlia’s initial
questions about gravity, eager
to provide answers. His
design involved protecting the
cup with pom poms, which
the egg would fall into.
Engaged in less conversations
with the others compared to
last week, and conversations
this week centred almost
exclusively around the task.
Was focused on task for the
duration of activity. His mum
sat nearby for this session.
Was the first to finish his
design and his first test was
successful. Tahlia requested a
second design where they
built around the egg. He
completed this design very
quickly; it involved using the
paper cup as a parachute and
pom poms in the zip lock bag
around the egg. Second
attempt was unsuccessful.
Continued working on build
after session.
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Ball Run
Afterschool
STEM club
(home)

Floating
Boats
Afterschool
STEM club
(home)

Mum sat with her at the start
and the end of the session, and
she discussed options and
shared progress with her.
Worked with her mum rather
than talking to the others on
screen. When her mum wasn’t
there, she worked quietly,
focused on task and did not
engage in many online
conversations. When asked,
said her ball run “wasn’t going
well.” Responded positively to
Tahlia’s communication about
failure and experimenting, as
well as seeing others’ designs.
Continued to lack confidence
in her design as she built, but
when she independently
tested, she was pleased to find
that it worked well. Built a
large ball run utilising both
Scitech materials and items
around her playroom. Briefly
paused to watch Tahlia’s test
ball run. At Tahlia’s insistence
she did another test run, which
was successful. Continued
working on build after session.

Engaged and focused on task.
Was often hesitant to test
construction while it was in
progress. Independently tested
boat when she felt ready.
Initial test was unsuccessful,
second test was successful.
Continued working on the boat
design, turning it into a swan
using al foil, paper, and
plasticine. This additional
weight led to future tests being
unsuccessful. Her mum sat
with her for parts of the
session, providing feedback
and encouraging testing. She
responded well to Tahlia’s
strategy of task setting (time
limits) towards end of session.
After an unsuccessful final
test, she independently
converted her boat to a
submarine. Did not engage in
many online conversations,
and only passively observed
Tahlia’s demonstrations. She
found this task the most
challenging, but also enjoyed
it. Continued working on build
after session.

Didn’t wear headphones this
week. Dad sat with her, and
Chloe discussed options
with him throughout and he
provided assistance. More
focused on working with her
dad than talking to others on
screen. Did not engage in
many conversations online.
Built a successful ball run,
independently testing as she
went. Was keen to share
progress with Tahlia as she
got close to finishing. Said
she found this the most
challenging task but was
also her favourite. Actively
engaged with Tahlia’s ball
run experiment. Finished
her ball run and was eager
to share a final test run with
everyone, which was
successful. Still continued
working on build after
session.

Session was a one-on-one
with Tahlia, as she was
unable to attend the usual
session time. Engaged with
task, appeared comfortable
in the one-on-one
environment. Dad sat with
her throughout session,
providing feedback. Had
initial ideas and theories
about her boat design,
responding well to Tahlia’s
questioning. Built a boat
with popsticks, plasticine
and paper. Needed
encouragement from Tahlia
and her dad to conduct
initial test, which was
unsuccessful. After this, she
pulled apart her boat and
started again. Was inspired
by Tahlia’s testing of al foil,
incorporating this material
into her second design along
with popsticks and paper.
Independently tested design,
which successfully floated
but could not hold weights.
Following this, engaged in
range of experiments with
Tahlia, testing how
plasticine and popsticks
could float. Continued
working on build after
session.

Was particularly excited when
he saw the video demo of a
ball run. Appeared chattier
this week than last week, at
times trying to draw others
into conversation and getting
a little off task as session
went on. Built a ball run that
was a straight up-and-down
drop. Finished quickly, after
only about five minutes
although reviewed his design
and decided to restart. Was
later challenged by Tahlia to
extend design, i.e., including
a ramp, which he attempted.
Sisters were with him towards
the end of the session and
helped. He remained focused
on building towards end of
session and continued
building during Tahlia’s test
ball run. His final test run was
unsuccessful however he
continued working during
Tahlia’s conclusion and had a
successful test just before
session ended. Continued
working on build after
session.

Engaged and visibly excited
by the materials, particularly
the plasticine. Decided on
using just one material for his
boat design — al foil. Was
eager to test his initial
construction. Mum sat with
him throughout session,
providing feedback.
Remained focused on task
throughout. Did not engage in
many conversations online.
Attempted many different
designs with his al foil,
finding most success with a
canoe shaped design.
Responded well to Tahlia’s
strategies of questioning and
showing & sharing, which
helped him modify and
improve his design. Engaged
with Tahlia’s experiments,
following along at one point.
Regularly tested design, and
ultimately his boat was able
to hold two bolts and three
popsticks. Continued working
on build after session.
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Table 4.1 illustrates the children’s levels of engagement during each of the sessions.
They were observed actively participating by making, experimenting, predicting, and
problem-solving. The children had different experiences during each session in terms
of their approach to investigating or designing solutions and experienced varying

degrees of success.

4.3 CHILDREN’S PHYSICAL LEARNING ENVIRONMENTS

This section includes diagrams that map the children’s physical learning
environments, specifically their Year 1 classroom where they participated in the
school-based Scitech sessions, as well as each of their home learning environments
during the afterschool STEM club sessions. Maps were created to provide insight
into the impact of the children’s physical spaces on their learning. During the data
collection phase, the researcher took photographs of each learning environment and

used these as references to create diagrams in Adobe Photoshop.

4.3.1 Class environment

The classroom was mapped to visualise the physical space the children were in while
engaging in Scitech’s school-based online sessions, namely the Science is
Spectacular! show, the four STEM workshops and the Quiet as a Mouse puppet
show. The map is presented in Figure 4.1. The set-up of the cla