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ABSTRACT

Augmented reality (AR) technology is being introduced in educational settings for its
ability to overlay virtual information into physical environments. The AR Sandbox is a
conventional sandbox with topographical visualisations (contour lines and colour
mapped elevations) projected onto the sand’s surface. This tool has the potential to
enhance children’s spatial thinking if introduced into their play. This research describes
how the AR Sandbox can be used by young children to develop their spatial thinking
through play.
A single case study research design was utilised in this research. The case was one 4and 5-year-old classroom at an Australian metropolitan school inspired by the Reggio
Emilia teaching and learning philosophy. The school, classroom and participants were
purposefully selected. Participants were four children, their two educators and the
researcher. Data was collected over an 8-week period during Term 2, 2015. This
occurred two mornings a week, where the class’ daily routines allowed for
approximately an hour and a half of play. To give greater attention and respect to the
children’s voices in this research, a mosaic approach to data collection was utilised.
This incorporated five different methods: observation, a narrative account of the
children’s play that emphasised their body language and the environmental context;
child conferencing, recorded discussions with the children that related to their play
with the AR Sandbox; photography, a visual perspective of the children’s engagement
with the AR Sandbox captured by both the children themselves and the researcher;
educators’ perspectives, the educators’ insight of the children and the class’s learning
culture supported by their pedagogical documentation; and the researcher’s
perspectives, the contributions of the children’s engagement with the AR Sandbox
from the researcher.
The data analysis process was inductive and cyclical, and consisted of three phases.
The first phase comprised of all the data being gathered and organised. In the second
iii

phase, a mosaic of all the data collected was created for each of the individual
participant children that related to their play with the AR Sandbox. The four mosaics
were analysed to identify themes to the children’s use of the AR Sandbox for play. Four
key themes emerged as to how the children used the AR Sandbox to enhance their
spatial thinking through play: exploratory play, games, representational play, and small
worlds play. The third phase of analysis was reconstruction, where a series of vignettes
were mosaicked to represent the children’s four identified uses of the AR Sandbox for
play. Each vignette was accompanied by an interpretation that analysed the children’s
spatial thinking during their play.
The Exploratory Play vignettes emphasised the children’s exploration of the AR
Sandbox’s functionality, as they were curious to discover the space that was occupied
by the projector’s light. The Games vignettes captured the children as they took turns
of hiding and finding objects in the AR Sandbox, in a game they created called
Sandblocks. The vignettes follow the progression of their game and the strategies they
used during their play. The Representational Play vignettes described the children’s
use of the AR Sandbox to create a model of a nearby lake. The subsequent
Representational Play vignettes follow the children as they physically visited the lake,
then used digital cameras and aerial photographs in combination as tools for spatial
representation. Finally, the Small Worlds Play vignettes focus on the children’s
imaginary play as they explore shape in their Pyramid World.
Across the children’s four uses of the AR Sandbox, four commonalities were identified.
Firstly, the socio-cultural perspective of development was found in the AR Sandbox’s
influence on the children’s thinking and also through their practical use of the tool in
problem solving. The findings supported the Everyday Model of Spatial Development
that emphasises naturalistic observation of children’s play to identify their spatial
thinking development. Elkonin’s four theorised four impacts of play were also
identified as the children’s play with the AR Sandbox. It was noted that the children
demonstrated increased motivation, decentred perspectives, mental representations
and increased intentional behaviour. Finally, Vandeberg’s theorised exploration, play
iv

and application sequence was observed in the children’s interactions with the AR
Sandbox.
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CHAPTER 1: INTRODUCTION
Introduction
Augmented Reality (AR) overlays a user’s real-world environment with computerised
visualisations (van Krevelen & Poelman, 2010). The technology has been
enthusiastically adopted in a range of educational settings for its contextual,
collaborative, interactive and engaging characteristics (Akçayır & Akçayır, 2017). The
source of the AR visualisations ranges from: head mounted displays, worn over an
individual user’s visual perspective; mobile devices, viewed through a camera and
mediated by a screen; and spatially mapped projections, displayed directly on to the
surface and can be viewed by multiple users. The AR Sandbox is an example that
employs projections and is designed to allow multiple users to create models in sand,
while visualisations of contour lines and coloured elevation maps are projected on top
in real-time (University of California Davis W.M Keck Center for Active Visulisation in
Earth Sciences, 2013). The purpose of this research is to describe how young children
use the AR Sandbox in activities that develop their spatial thinking through play.
This chapter orientates the reader through definitions of terms and presents the
rationale for and context of the study. It identifies the purpose and significance of this
research and then introduces the research question that guided the study. The
significance of the research is described, along with the positionality of the researcher.
Finally, an overview of the thesis advises the reader of the following chapters.
Definition of Terms
Definitions are provided for the following three terms, which are central to this study:
Augmented Reality, Augmented Reality Sandbox, and spatial thinking.
Augmented Reality
The term AR is viewed as a technology that exists along a reality-virtuality continuum
(van Krevelen & Poelman, 2010), where elements of virtual computation overlay real
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life environments (Azuma, 1997). AR is a technological tool that manipulates the user’s
reality to supplement it with additional information. The AR Sandbox is an example of
a visual (display) based category of AR, though a general use of the term AR
encompasses other virtual enhancements of an environment. In this regard, AR is a
term belonging to the broader category of mixed reality, which includes any
combination of real and virtual world elements within the same mediated experience
(Milgram, Takemura, Utsumi, & Kishino, 1994). A user of AR has an experience
fundamentally based in reality, with virtual elements being included and manipulated
by their real world environment.
The Augmented Reality Sandbox
The AR Sandbox allows users to construct models by shaping sand, while visualisations
adapt to the sand’s position in real time (Kreylos, 2015). The installation is comprised
of four components, as shown in Figure 1.1: depth sensor, computer, projector and
sandbox. All components are connected to create a closed feedback loop. The user
displaces the sand, while the depth sensor, positioned vertically above, uses a grid of
infrared light to measures the height of the sand surface. The depth sensor informs the
computer, running the AR Sandbox software, which reconstructs the sand height data
into a virtual image of the sand surface’s position. This virtually reconstructed spatial
visualisation of the sandbox’s surface includes a colour elevation height map with
contour lines. The colour elevation map enhances the user’s perspective, representing
the sand height relatively by illuminating lower depths with the colour blue and
sequentially moving up to green, yellow, orange, red then white. This virtual
reconstructed image is projected vertically below onto the sand surface.
Both the projector and depth sensor are positioned vertically above the sandbox and
do not interfere with the user’s direct manipulation of the sand. The projection
visualisation is customised to the dimensions of the sandbox in a calibration process
established during the installation. Thus, the reconstructed virtual image (coloured
contour areas) is overlayed on to the configured sand surface to appear like a ‘live‘
sand model, with coloured elevation height map and contour lines. Examples of this
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are shown in Figure 1.2. The spatial visualisations projected onto the sand inform the
user’s experiences and further constructions, continuously overlaying spatial elements
in a feedback loop.

Figure 1.1 The four components required for the functionality of the AR Sandbox. The
figure represents the sand surface as it appears to the user, with coloured height
elevation map and contour lines.
The AR Sandbox uses open-source software created in collaboration with University of
California Davis’ W.M Keck Centre for Active Visualisations in the Earth Sciences
(KeckCAVES) (2015), Tahoe Environmental Research Centre (2015), Lawrence Hall of
Science (2015), and Ecology, Culture History, Opportunities (ECHO) Leahy Centre for
Lake Champlain (2015). It was originally designed to teach earth science concepts. A
pilot study with students in an undergraduate physical geology course unanimously
perceived that the use of the AR Sandbox enhanced their understandings of abstract
concepts, such as topographical maps (Woods, Reed, Hsi, Woods, & Woods, 2016).
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Figure 1.2 Examples of the colour projections of the AR Sandbox, taken from the study.
Additional information on the AR Sandbox is provided in Appendix 1, including
webpage links to the homepage of the AR Sandbox, media articles about the AR
Sandbox, video demonstrations and the developer’s webpage.
Spatial Thinking
The literature uses a range of terms interchangeably to refer to spatial thinking,
including spatial cognition, spatial intelligence and spatial reasoning (Pollman, 2010).
The term spatial thinking will be used throughout this study to communicate the
mental processes involved in spatial tasks, and align to the terminology used in
literature that describes children’s spatial activities during naturalistic observations in
contextualised methodologies.
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Spatial thinking is understood as a cognitive process of perception when engaged in
space (Kritchevsky, 1988) and includes three interrelated areas: “concepts of space,
tools for representation and processes of reasoning” (National Research Council, 2006,
p. 25). Children develop their spatial thinking through identifying properties and
relations of space and using them in problem solving activities (Yakimanskaya, 1991).
Children’s spatial thinking can be extended when opportunities are recognised during
their play activities with the support of early childhood educators (Clements & Sarama,
2011). Spatial thinking and symbolically representing spatial thinking is a malleable
ability that is influenced by engagement in learning experiences (Uttal, Miller, &
Newcombe, 2013).
Clements and Sarama (2009) theorised that spatial thinking employs two main
abilities, namely spatial visualisation and spatial orientation. Spatial visualisation refers
to the ability to imagine an object or represent it within the mind as a symbolic
representation (Lohman, 1979). Spatial orientation refers to viewpoint and the
understanding of other perspectives in space (Clements & Sarama, 1998), including the
commonly attributed navigational abilities. To guide early childhood educators
supporting children’s spatial thinking, Cohrssen, Quadros-Wandor, Page and Klarin
(2017) developed a table with examples of children’s activities and the conceptual
areas of spatial thinking with which they are associated. One example identifies that
children “remembering locations of objects” is a key concept associated with spatial
visualisation (Cohrssen et al., 2017, pp. 103-104). An adaptation of this table is located
in Appendix 2.
Rationale
Over half a century ago, Papert (1980) theorised that computer technology would be
used as a powerful tool to contribute to young children’s learning. This prediction has
been met with consistent and significant advancements in technology. Implementation
of computer technology in early childhood education was pioneered by Papert’s
computer programming applications, designed with pedagogical principles and
developmental theories of play in mind (Papert, 1988). The early childhood centres of
print
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Reggio Emilia (RE) have used computer technology with children in ways that coincide
with their distinctive pedagogical principles (Forman, 2012). The children’s use of
computer technology places emphasis on use for contextually creative purposes,
rather than the consumption of directed educational software with predetermined
outcomes.
Developing computer technology offers unique learning opportunities for exploration,
creative problem solving and interaction with mathematical objects, and can be a
stimulus for change in early childhood mathematics education (Clements & Sarama,
1998). Characteristics of computer games that promote young children’s development
include: motivation, where children are intrinsically engaged in the play task; context,
where the content relates to children’s daily lives; paths, where children’s goals are
open ended or non-linear; and access, where children engage in the games without
assistance (Verenikina, HerrIngton, Peterson, & Mantei, 2010). Clements has even
challenged the preference of concrete manipulatives over computer based
manipulatives when teaching abstract concepts of mathematics, such as shape, as
computers can provide more flexibility, representation, arrangement and retrieval
options that “changing the nature of the manipulative” (2000, p. 38). Computer
technologies have provided children with opportunities to present spatial
visualisations that promotes development in their spatial thinking (Clements &
Sarama, 1998).
The development of AR technology has been promoted in education for its ability to
contextualise information of the user’s real world, creating highly interactive learning
experiences that “bring underlying data to life” (Johnson, Adams, & Cummins, 2012, p.
28). AR technology has the potential to create object modelling and discovery-based
learning experiences through collaborative, immersive environments (Yuen,
Yaoyuneyong, & Johnson, 2011). Dede (2009) also suggests that AR technology can
assist in increasing learner’s awareness of other’s perspectives and, unlike traditional
desktop computers, provide learners with greater tactile interfaces.
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Context
The Western world has long associated play as a pedagogical approach in early
childhood education (Shipley, 2008). Play is crucial to children’s learning environments
as it allows socio-emotional learning to be integrated with developing cognitive skills
(Ginsburg, 2007). Play encourages creativity and the development of social skills like
cooperation, negotiation and conflict resolution (McElwin & Volling, 2005). Young
children’s brain development has been found to be positively impacted by play
(Phillips & Shonkoff, 2000) improving children’s future capacity to learn (Coolahan,
Fantuzzo, Mendez, & McDermott, 2000). Play, learning and development are
considered by many to be entwined (Barblett, 2010) and one of children’s most
fundamental rights (Elkind, 2007).
Three documents in Australia govern what is taught to 4 and 5-year-old children: The
Early Years Learning Framework (EYLF), National Quality Framework (NQF), and the
Australian Curriculum. The EYLF provides guiding principles, practices and outcomes to
support children from birth to five years of age (Department of Education Employment
and Workplace Relations, 2009). Within the EYLF, guiding practices specifically
emphasise play, to support the principles also outlined by the United Nation’s
Convention on the Rights of the Child. Children learning through play build a positive
disposition towards learning through a supportive environment which allows
discovery, creativity, imagination and an opportunity to test, challenge ideas and build
new understandings within social groups (DEEWR, 2009). The framework states that
“play can expand children’s thinking and enhance their desire to know and to learn”
(DEEWR, 2009, p. 15). Educators implementing the EYLF have “responsibility and moral
obligation to enable diverse opportunities for children to play” (Hesterman,
Targowska, & Howitt, 2016, p. 4).
Alongside the EYLF is the NQF, a document that aims to raise the quality of young
children’s education services across Australia. The NQF also places emphasis on play
and encourages educators to “respond to children’s ideas and play and use intentional
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teaching to scaffold and extend each child’s learning” (Australian Children’s Education
and Care Quality Authority, 2013).
Australia’s national Curriculum outlines the progression of learning in compulsory
school: Foundation (age of children) to Year 10 (age of students). At the Foundation to
Year 1 level Mathematics and Foundation level of Geography, the curriculum states
that children should examine representations of place, be able to reason and compare
spatial relations, describe position and movement, describe familiar two and threedimensional shapes, represent places and features on simple maps and models,
interpret information of maps and models, and explore point of views (Australian
Curriculum Assessment and Reporting Authority, 2012).
Purpose and Research Question
The purpose of this research was to describe how young children use the AR Sandbox
to develop their spatial thinking through play. The research was framed by the
following research question:
How do 4 and 5-year-old children use an Augmented Reality Sandbox for spatial
thinking through play?
Within a play-based learning context, the aim of this research is to find out how young
children use the AR Sandbox in their play and then, interpret the spatial thinking
evidenced in that play.
Significance
The study is significant for four main reasons. It is the first study to explore the use of
an AR Sandbox with young children. The original design of the AR Sandbox was
intended to teach earth science concepts (Kreylos, 2015); however, the AR Sandbox is
a captivating tool for users of all ages. While a sandbox is a traditional play tool found
in early childhood facilities, the overlay of spatial visualisations may enhance the
children’s experience.
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The study is significant as it adds to the limited literature that examines young
children’s mathematical thinking during their everyday context of play activities. There
are limited studies examining young children’s mathematical thinking in play, despite
play based pedagogy being endorsed in early childhood education.
It aligns to research conducted by Ginsburg and his colleagues who observed children
to analyse and interpret the range and depth of mathematical thinking involved in
their free-play; that is, play that is not facilitated by adults (Ginsburg, Lin, Ness, & Seo,
2003; Ginsburg & Seo, 1999). Ness and Farenga (2007) also present case studies where
they analysed young children’s spatial and geometric thinking during informal play
with blocks. Their analysis brings attention to the complexity of 4 and 5-year-old
children’s spatial thinking as they engage in block play.
The findings from this case study highlight four ways that young children used the AR
Sandbox for play: Exploratory Play, Games, Representation Play and Small Worlds Play.
This is the first research to identify these uses in relation to an AR Sandbox.
Finally, this study is significant as it aligns to the increasing quantity of participatory
research in the early years that values children’s voices, viewing children as competent
contributors of their own learning. The Mosaic approach methodology (Clark & Moss,
2011) used in this study allowed children to express how they used the AR Sandbox for
play through the collection of multiple methods of data. Of these data collection
methods, children’s photographs emerged as particularly insightful, as they captured
an accurate two-dimensional representation of the children’s perspectives. Their
photographs provided a rich expression for the data analysis process as the
perspective and spatial relations provided a unique insight to their spatial thinking, not
seen in other research in the area of children’s mathematical thinking.
Positionality of the Researcher
The researcher had 7 years’ total experience as an educator and had been employed at
the participating school as a Media Specialist for the past four years. In the
participating school, the researcher typically designed interactive experiences using
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digital technologies in the school’s early childhood classrooms. Within the early
childhood area of the school, he worked in a part-time capacity but had not educated
the participant children prior to the research.
The Media Specialist role was modelled on the Atelierista, a role unique to RE schools
(see Literature Review chapter). The Atelierista role is described as educators who
work in collaboration with the classroom educators, for the goal of supporting and
developing children’s learning through projects within their artistic language (Vecchi,
2010). Atelieristas traditionally support learning through projects in the visual arts, but
as noted by Piazza (2007), computer-mediated technologies provide opportunities for
new ‘expressive languages’ to be explored.
The researcher’s interest in the AR Sandbox was motivated by his desire to use digital
tools in education to foster relationships between nature and technology. The
researcher had sensors like the Kinect to create sonification musical pieces,
soundscapes created from participant’s movements. The relationship between the AR
Sandbox’s visualisations and the sonification pieces were the how sensor’s data were
programmed for participants to perceptualise their engagement.
Overview of the Thesis
An overview of the five chapters of the thesis is now presented.
Chapter 1 has provided an introduction to the research. It presented a definition of
terms, rationale and context of the study. It identified the purpose and significance of
the research while revealing the research question that guided it.
The second chapter provides a review of the significant literature relating to spatial
thinking and how technology can enhance it. It also highlights social constructivism
theory, the Reggio Emilia approach and the role of play in learning.
Chapter 3 presents the methodological approach to the study, outlining the
interpretive paradigm, the single case study design and the participants. It outlines the
adopted Mosaic approach to data collection and analysis, providing a detailed
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description of the methods used for data collection: researcher observations, childconferencing, children’s photography, researcher photography, pedagogical
documentation, and educator’s and researcher’s perspectives. The chapter addresses
the research quality criteria and the ethical considerations of the study.
Chapter 4 outlines the findings that emerged from the analysis of the data. It presents
the children’s four main uses of the AR Sandbox for spatial thinking through their play:
Exploratory Play, Games, Representation Play and Small Worlds Play. A series of
vignettes describe the children’s use of the AR Sandbox for play, while the
accompanying interpretations analyse their spatial thinking during these vignettes.
The final chapter presents a conclusion to the research. It provides a summary and
synthesis, implications of the research on practice, limitations of the study, and
recommendations for future research.
Conclusion
This chapter presented an outline for the study through a definition of terms, rationale
and context of the study. It identified the research’s purpose, significance and research
question and introduced the thesis’ following chapters. The following chapter, Chapter
2, reviews the literature with regards to social constructivism, the RE approach to
teaching and learning, the role of play in early learning, spatial thinking and
augmented reality.
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CHAPTER 2: LITERATURE REVIEW
The purpose of the research was to describe how the AR Sandbox could be used by
young children to develop their spatial thinking through play. Four broad areas of
literature form the conceptual framework for the research: social constructivism, play
in learning, spatial thinking, and augmented reality. Each of these is presented in turn.
Social Constructivism
Social constructivism is an epistemological framework centred around culture and
context, where an individual’s knowledge is seen to be a construction formed through
interactions with others and the environment (Hirtle, 1996). Social constructivism was
led by the work of psychologist Lev Vygotsky, who in his short academic life laid the
foundations for fellow academics to expand on.
Vygotsky described learning as a process, where children perpetually develop their
individual subjective understanding through socially mediated experiences; social
interactions influenced by both past and present (Karpov, 2005). The child gradually
transforms shared ideas from social structures (of peers, family and community) and
internalises them as their own, a process of learning coined as semiotic mediation
(Vygotsky, 1987). Semiotic mediation explains the process of thinking and meaning
shared in a social activity, and is gradually transformed to become the individual’s own
thinking (Robbins, Jane, & Bartlett, 2011). The individual’s thinking moves from the
intermental level to the intramental level; that is, thinking shared with others then
internalised to become the thinking of their own. The social-cultural context is
ubiquitous in the process of semiotic mediation through social systems (for example,
language) and cultural tools (for example, use of paper and technology). In Figure 2.1,
semiotic mediation is presented through a shared idea within children’s social activity
(a play experience) that becomes the child’s own idea through a process of
internalisation and transformation, mediated by social systems and cultural tools.
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Figure 2. 1 Semiotic mediation as applied to the AR Sandbox, adapted from Robbins,
Jane and Bartlett (2011).
Vygotsky emphasised the social-cultural context that directly and indirectly influences
children’s development (Bronfenbrenner, 1977, p. 228). This socio-cultural context
impacts children’s cognitive processes and influences “not just what he knows but how
he thinks” (Bodrova & Leong, 2007, p. 11). Rogoff (2003) asserted that children’s
development also occurs out of school environments through engagement in
community practices, values, rituals, tools and routines and recognises culturalhistorical theory is an always transforming, mutually embedded engagement. The
complexity of how children’s everyday life is represented in developmental psychology
research supports the need for research on activities within concrete settings, like
schools or home (Hedegaard, 2009).
A crucial understanding of social-constructivism is the role tools play in cognitive
development. Vygotsky (1978) shared his unique idea of how children’s minds employ
tools for development. Humans use tools, create tools and show others how to use
tools to extend the capacity of their abilities. Vygotsky created a distinction between
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two types of tools: physical tools (like maps) and mental tools (like language).
Children’s behaviour in a task becomes more purposeful with mental tools, as they can
create more complex solutions and work collaboratively. Language is a universal
cultural tool, created and shared amongst communities to facilitate an individual’s
thinking (Bodrova & Leong, 2007). All cultural tools allow a learner to access the
informational systems of a culture and are an expression of the culture itself (Gauvain,
1993). According to Vygotsky, higher mental functions are a cognitive process children
access when using mental tools in a task. These higher mental functions are,
“deliberate, mediated and internalised behaviours” (Bodrova & Leong, 2007, p. 20)
and are dependent on lower mental functions, the reactionary behaviours of an
environment. Children employ mental tools to develop their behaviours to become
less impulsive (Bodrova & Leong, 2007). The social context is embedded as children
build and develop their mental functions to create higher mental processes
(posteriori).
One of the most significant concepts for education offered by Vygotsky was his
identification of the Zone of Proximal Development (ZPD). The ZPD is the area of a
child’s progression, a point between what they are capable of independently problem
solving and their potential of problem solving in collaboration with a more capable
other (Vygotsky, 1978). The more knowledgeable other (MKO) works proximally to the
child’s abilities to ensure that development is achievably internalised. Scaffolding is the
most common teaching strategy referred to in relation to the ZPD and socialconstructivist education. It is a process where the MKO assists a learner to perform
highly in a complex task by progressively decreasing their assistance in relation to the
learner’s ZPD (Wood, Bruner, & Ross, 1976). The task itself remains the same, though
the responsibility gradually moves from the MKO to the learner until they can
independently perform the task. The educators build on children’s strengths, so
understandings are related to existing knowledge and form a more holistic world view
(Bodrova & Leong, 2007).
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Underpinning a social constructivist education is a supposition that individuals are
major contributors to their own learning and environment (Clark & Moss, 2011). As
capable humans and primary stakeholders in their learning, children are “experts in
their own lives” (Langsted, 1994, p. 5). Vygotsky agreed with Piaget’s constructivist
notion that children construct their own understandings through active engagement
with their world (Ginsburg & Opper, 1979). Knowledge is understood as a construction
and the Vygotskian approach emphasises how a child’s concepts develop through
exchanges with educators (Bodrova & Leong, 2007).
Teaching and Learning through Reggio Emilia Values and Principles
Located in Italy, Reggio Emilia is a town that embarked on an educational model postWorld War 2. Led by Loris Malaguzzi, parents and educators developed a communitycentred approach to teaching and learning, specifically focusing on early childhood
education. Globally, early childhood centres and primary schools have been inspired by
RE’s values and principles.
Indications published by the Preschools and Infant-Toddler Centres of the Municipality
of Reggio Emilia (2010) defined 12 key values and principles of RE, all of which are
reciprocally connected and dependent on one another. Only seven of the values and
principles will be reviewed that are relevant to the thesis.
A fundamental position that characterises RE schools is how they view children. Their
image of children is one of competence, who constructs his or her own knowledge
interacting with others (Edwards, Gandini, & Forman, 2012). RE schools model
democratic education where children and adults are respected as co-contributors of a
collaborative learning process. With an emphasis on a pedagogy of listening, RE
educators search for meaning in their interpretations of the children’s expressions
(Edwards et al., 2012). Educator’s allow time in their observations to not assume
children’s knowledge, placing value in the process of enquiry above ‘the’ answer.
Educators in RE are considered facilitators to children’s engagement, where they
recognise value in the significance of their everyday experience (Rinaldi, 2004a). As
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values form culture, the class create their own culture through their socially
constructed class democracy. Educators are viewed as researchers, reflecting on their
practice and theory to learn alongside the children, modelling a learning disposition.
RE educators co-teach in pairs, emphasising collaboration through a pedagogy of
listening, where they engage children in conversation, listen to their ideas and search
for the meaning in their experiences (Fraser & Gestwicki, 2006).
To support children in developing their own theories and acknowledging their need to
have control over their learning, RE educators develop an emergent curriculum. An
emergent curriculum refers to malleable programmes that are built around the
children’s interests and curiosities (Wurm, 2005). Viewing children as competent
learners values their learning interests and curiosities and develops their own identity
and social understandings. Emergent curriculums are adopted in the early years with
emphasis placed on the role of play in learning (see the Role of Play in Learning
section). Two classroom educators collaborate to discuss the possible pathways for a
project and the materials required to facilitate those experiences (Wright, 1997). Longterm projects offer opportunities for children to reflect and deepen understandings of
their interests and ideas that develop from the group (Edwards et al., 2012).
The learning environments in RE are carefully constructed by educators as particular
attention is paid to the organisation of materials. Through the design and inclusion of
quality resources, RE educators use the classroom environment as a ‘third teacher’
(behind the co-teachers and parent) to facilitate learning experiences (Fraser &
Gestwicki, 2006). The significance of these learning environments highlights the value
of developing the children’s use of cultural tools. RE educators reflect on mediums that
represent the understandings of the children and the subsequent tools to facilitate it
(Vecchi, 2010). Educators of RE use the term ‘provocations’ to define the intentional
set-up of ideas or materials to stimulate children’s thinking (Parnell, 2013). They invite
the children’s engagement through considered placement of the materials in relation
to the children’s view, access and environment (Fraser & Gestwicki, 2006). They
theorise that as children revisit the same resources of an environment in new
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scenarios, they reflect on their understandings with new perspectives (Rinaldi, 2004a).
The use of light and natural materials in provocations are important to RE spaces,
inviting children’s investigation through the presentation of these materials within the
room (Fraser & Gestwicki, 2006).
Poetically articulated by Malaguzzi (2012), the RE approach values that children learn
and express their understandings in multiple ways. Drawing similarities to Gardner’s
Multiple Intelligences Theory (2008), children represent their understandings through
various capacities. As young children develop their understanding of language, the
educator has an important role of interpreting the other ways of communicating. RE
educators emphasise the development of other expressive art forms as an alternative
language or symbolic tools, allowing them to pay attention to the different expressions
of children’s ‘voice’, an integral component to their child-centred approach.
Pedagogical documentation is a product of the learning processes, an organic and
conscious description of the children’s learning. RE educators use pedagogical
documentation to make children’s learning visible, articulating their exploration,
conversation and reflection (Edwards et al., 2012). The educators reflect
collaboratively with the children to negotiate perspectives and consolidate reflections,
through a subjectively articulated narrative (Rinaldi, 2004b). Documentation is
inclusive to the many forms of expression and educators employ a range of multimedia
tools to collect evidence. Artefacts of the children’s creative expressions are also
included in documentation and support the position of ‘creativity as quality thought’
(Rinaldi, 2004a).
Fundamental to the RE learning process is how children are viewed relative to their
relationships of family, other children, the environment, the school, the community
and society (Fu, Stremmel, & Hill, 2002). Though RE is recognised for its childcenteredness, it is considered that educators and their families are central to the
children’s education. Relationships are central to their pedagogical approach, as
children learn through making connections with their experiences and existing
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concepts (Wurm, 2005). The adults and children co-construct knowledge together, a
reciprocal and respectful connection that supports their competent image of the child.
The Role of Play in Learning
Extensive research into play during early childhood has resulted in a variety of
definitions and perspectives. While many of those who observe young children can
recognise their play, they still have difficulty defining this term (Pellegrini, 2011). Thus,
it is important to look at how research has characterised play in order to interpret it.
Fromberg characterised play as “symbolic, meaningful, active, pleasurable, voluntary,
rule-governed and episodic” (1999, p. 43). These characteristics are shared by other
researchers who view play as a symbolic act (Göncü & Gaskins, 2011; Homeyer,
Morrison, Homeyer, & Morrison, 2008; Vygotsky, 1967), a meaningful experience
(Bateson, 1972; Neumann, 1971), a pleasurable pursuit (Bergen, 2009; Dockett, 1999),
that is voluntary in nature (Bruce, 1994; Wood & Attfield, 2005), can be governed by
rules (Elkonin, 2005b; Vygotsky, 1967) and shares recurring themes (Rogers & Sawyers,
1988; Rubin, Fein, & Vandenberg, 1983).
Play is a term given to a group of behaviours that share differing “bases, functions and
phylogenies” (Burghardt, 2005, p. 6). Early childhood researchers have categorised
different types of play to access deeper insights of children’s complex processes, each
motivated by different objectives. Parten (1933) observed six stages of free play,
categorising the children’s social interactivity from unoccupied to co-operative play.
Her groupings of play were designed to give importance to the social development
that occurred through play. Smilansky’s (1968) research, who expanded Piaget’s earlier
work, categorised play that reflected children’s development. She created four
categories: functional play, constructive play, imaginative play and games. Hughes
(2014) described 16 categorisations of play, based on the children’s displayed
behavioural distinctions. The purpose was to provide greater clarification for workers
with young children, increasing their ability to identify and communicate their
observations. The different categorisations used by the researchers are motivated by

print

18

the perspective of their research and brings attention to the multi-faceted behaviours
exhibited in play.
The importance of play to support young children’s development is a view strongly
held in early childhood education. The first recognised kindergarten in the world was
designed by Froebel (1885) to create a space to encourage children’s natural growth
through play, supported with tools and activities. The significance of play within
Australia’s early childhood settings is represented in the Early Years Learning
Framework (EYLF): a guide for early childhood educator’s practise (Department of
Education Employment and Workplace Relations, 2009). The framework identifies
play-based learning as “a context for learning through which children organise and
make sense of their social worlds, as they actively engage with people, objects and
representations”(Department of Education Employment and Workplace Relations,
2009, p. 46). This guideline allows children to ‘own’ their play as learning experiences,
where they create purpose through their exploration (Bruner, 1983). Children make
meaning through quality play and develop their memory skills, language and ability to
self-regulate behaviours, leading to improved academic learning (Bodrova & Leong,
2005). Quality play at an early age assists in the construction and strengthening of
neural pathways that benefits learning later in life (Lester & Russell, 2008).
Piaget (2013) views the construction of knowledge in two processes: accommodation,
where an individual’s concepts change to cater for new information; and assimilation,
where new information is organised into an individual’s existing concepts. He
described play as when assimilation is the primary process and it reveals insights into
children’s cognitive development and reflects their understandings. Social
constructivist theory approaches play from the perspective that children are involved
in knowledge construction as they interpret their experiences (Dockett & Perry, 1996).
Vygotsky proposed that play was a social act and a leading activity of development,
where children perform within their ZPD (Vygotsky, 1978). As children are engaged in
play, they are acting within an imaginary situation governed by rules, deriving
situations from the real world and shifting between these two contexts (Vygotsky,
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1967). During play, development occurs interpersonally, socially constructed between
those playing and then internalised within the mind of the individual’s playing (Wood
& Bennett, 1998). Vygotsky (1978) was also interested in how behaviours, like using
props or imitating societal roles, generate meaning beyond the functional use of
language and define concepts. He recognised that rules were central to all play to
guide children’s behaviours and are negotiated by the children themselves during play.
However, Vygotsky’s use of the term ‘play’ was strictly related to (socio-dramatic) role
play, with an emphasis on children’s generalisations of emotions through imitation of
their culture.
Expanding on colleague Vygotsky’s theories of play, Elkonin (2005b) reflected on how
play was a leading activity to develop general capabilities for children’s future. For
example, when using tools, learning was not skills specific to the tool, rather
preparation for general tool use, perhaps for tools not invented yet. Elkonin described
four impacts of play on children’s learning: increased children’s motivation, increased
ability of perspective taking (decentering), the development of mental
representations, and intentional behaviours (Bodrova & Leong, 2015). Significant
cognitive development occurs in children’s ability to establish, follow and justify their
own rules during their role-play (Elkonin, 2005a). Whether their use of props, language
or interpretation of the roles are logical, children’s reasoning of leads to their
development of their rules (Bodrova & Leong, 2015).
Play and learning are not seen as separate experiences in the RE approach; rather,
they are vehicles for embracing students’ interests and curiosities through the use of
tools (Rinaldi, 2004a). The child’s natural desire to engage in play is a vehicle to
encourage problem solving strategies that employ ‘multiple languages’ (Balke, 1997).
As an educator within RE schools, the adult facilitates the learning that occurs during
play, utilising the children’s context. Elkind (1998) reminds the adult of their
differences between how children think and construct concepts during spontaneous
learning. In acknowledgement of this difference, adults must place importance in their
observation to understand the children’s learning during spontaneous activity, limiting
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their instruction and valuing the children’s ability level and culturally derived
motivations. The RE educator’s competent image of children is central to their
perspective of the rich learning that occurs through play.
Adult educators have an influential position in children’s play, both directly and
indirectly. The educator’s viewpoint of play can be seen in their arrangement of
spaces, time allowed to play, the tools provided, and how they structure the children’s
social groupings (Dockett & Fleer, 1999). The social environments that children play in
are a construction of culture, as produced by the adult’s values and beliefs (Farver,
Kim, & Lee, 1995). The amount of adult intervention can vary from a noninterventionist approach (free play) to a teacher-directed approach. When an adult is a
facilitator, they choose when to intervene to provide guidance to their play, assisting
the children to resolve conflicts (Dockett & Fleer, 1999). Adults can guide play through
participation, providing scaffolds to children’s ZPD, but they need to be aware that
high levels of intervention can prevent the activity from being classified as play.
With regards to the use of new physical tools during play, Vanderberg described a
sequence of children’s behaviour known as exploration-play-application (1978).
Observed in their play, children’s first encounters with physical tools are cautious and
explorative and thus time should be given to allow them to achieve purposeful play
(Vandenberg, 1984). In the following experiences with the tools, children generally
develop skills that are transferable for future and new scenarios (Bruner, Sylva, &
Genova, 1976).
Spatial Thinking
This section of the literature review presents definitions related to spatial thinking,
exploring developmental perspectives and how technology can enhance it. Spatial
thinking is defined and several developmental perspectives are introduced. The spatial
thinking in play is identified and its relation to maps, aerial photographs, models and
sandboxes is described. A summary of the use of technology for development of
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spatial ability in education is presented, along with the research specifically
investigating AR and spatial thinking.
Defining Spatial Thinking
Use of the term spatial thinking in research is broad and somewhat inconsistent,
equally as broad as spatial cognition, to the extent that the two are often used
interchangeably. Cerebral functioning that mediates an individual’s perception of
space or location has been referred to as spatial cognition (Kritchevsky, 1988).
Similarly, spatial thinking has been defined as the cognitive processes related with
spatial entities; that is parts (the spatial properties of an object) and places (the
location) of space (Casati & Varzi, 1999). From a geography education perspective,
spatial thinking was defined as the processes and interaction between three areas:
“concepts of space, tools of representation and processes of reasoning” (National
Research Council, 2006, p. 25). Concepts of space refers to an understandings of
spatial properties employed during processes of reasoning. Tools of representation
refers to the internal identification and external communication of spatial features.
Processes of reasoning are the interrelated action between understandings of space
and expressions of that space. Alike, spatial thinking has also been described as the
identification of spatial properties and relations to problem solve and orientate
theoretical (geometric) space and real (physical) space (Yakimanskaya, 1991). This
term emphasises the practical needs and use for understanding space. This thesis will
use the term spatial thinking to refer to processes during spatial tasks, as an
expression of and interaction with spatial understandings. The terminology spatial
thinking aligns with the literature that describes children’s spatial activities during
naturalistic observations in contextualised methodologies.
Within spatial thinking, the cognitive behaviour of spatial ability presupposes spatial
sense, a non-cognitive behaviour (Ness & Farenga, 2007). Spatial ability refers to the
multiple mental capacities to create, memorise, retrieve and transform constructions
of spatial representations (Lohman, 1996). Three components of spatial ability have
been recognised: spatial visualisations, spatial relations and spatial orientations
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(Mohler, 2006). Spatial visualisations and orientation have been described in the
introduction while spatial relations is the relationship between two objects spatial
characteristics. Thus, “direction (forward-backward, up-down, left-right), distance
(near-far), relative comparison (nearer-farther), location (in the middle), dimensions of
object in space (tall-short, long-short)” (Yakimanskaya, 1991, p. 17) are all examples of
spatial relations.
Research indicates a consensus on the importance of spatial ability for human success
in a range of disciplines (Lohman, 1996; Shepard & Cooper, 1982; Wai, Lubinski, &
Benbow, 2009) and begins developing at an early age. The early developmental stages
of children’s spatial ability form the basis of their geometric concepts, arithmetic and
number understandings (Arcavi, 2003), forming a fundamental framework for all
mathematical thinking. Through the provision of geometric or spatial activities in early
childhood, children can develop strategies for mathematical thinking and spatial
abilities (Clements & Battista 1992; Liben & Downs, 1989).
Developmental Perspectives of Spatial Thinking
Spatial development is used to describe a progression of an individual’s spatial
thinking. The following section presents seven different developmental perspectives
used in the literature to analyse children’s spatial thinking.
Topological Primacy Model
Piaget and Inhelder’s Topological Primacy Model is considered to be the first
comprehensive model of spatial development (Newcombe & Huttenlocher, 2003), an
influence that allowed following theorists to expand on the descriptions and
epistemological perspectives outlined in this section. The model describes three
chronological stages of children’s representations of space, Topological-ProjectiveEuclidean (Piaget & Inhelder, 1956). The first phase, the Topological Space, occurs in
children from birth to 7 years of age, where their conceptions are described as viewing
objects in isolation rather than as parts of a whole (Davis & Hyun, 2005). During this
early stage, children explore components of spatial relations including proximity
(closeness), separation (nearness between two objects), order (appearance and
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arrangement of objects), enclosure (boundaries of object’s area) and continuity
(patterns of objects). Piaget separated the Topological Space into various sub-stages.
In sub-stage I, occurring up to the age of 5 years old, young children find it difficult to
make distinctions between shapes. Within sub-stage IIa (4.5 - 5 year olds) children
differentiate angle and dimension in shape. In sub-stage IIb (5 - 5.5 years old) children
can differentiate between similar shapes (for example, differentiate pentagons from
hexagons). The final sub-stage, III, children transition to the next major developmental
phase, with an ability to organise complex shapes confidently.
Development in perspective and spatial relations occur at the second major
developmental phase, the Projective Space, when the child begins to look at shapes
with respect to their viewpoint. The Projective Space occurs with 5 to 10-year-old
children and is demonstrated when children can represent shapes irrespective of their
frames of reference. Piaget and Inhelder’s (1956) three mountain task is a largely cited
activity on spatial perspective that reportedly demonstrates early egocentricism that
used model mountains, photographs of the models from varied perspectives and a
children’s doll. Egocentricism was the term Piaget (1997) used to describe children’s
inability to imagine a viewpoint of another. Piaget found that from a group of
photographs, 4 and 5-year-old children predictably selected a photograph of their own
perspective, when asked for the viewpoint of a doll that was positioned at the other
side from the children. Huttenlocher and Presson (1973) criticised Piaget’s findings of
egocentricism, suggesting the difficulty of the experiment involved an extra step of
mental processing, as the participant mentally follow the imagined (doll) observer’s
movements. These findings were supported by a study that replicated the three
mountain task with 77 participants aged above 50-years-olds (McDonald & StuartHamilton, 2002). The findings from this research highlighted the egocentric responses
from the non-egocentric aged participants and demonstrated the difficulty in
measuring egocentricism with the task.
The final developmental stage, Euclidean Space, is where children accurately represent
an objects appearance and is based on the axioms of Euclidean geometry. Piaget
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claimed only children older than 8-years-old would likely display abilities within his
final developmental phase.
The Topological Primacy Model set the foundations for a spatial developmental theory,
but has since been subject to criticism. Research in mathematics education criticised
Piaget for vague definitions used to describe the developmental phases (Martin, 1976).
From a socio-cultural perspective, the model was critiqued for its lack of validity when
transferred to other cultures (Pinxten, van Dooren, & Harvey, 1983). With modern
changes to methodological approaches in research with infants, later studies have
proposed that Piaget’s stages underestimate infants knowledge (Baillargeon, 1993).
The Van Hiele Model
The Van Hiele’s (1999) model of geometric thinking was constructed by two educators
to establish children’s progression through measurable levels reasoning in spatial
activities. Their model offered an alternative to the Piagetian model, outlining a
progression of geometric thinking dependent on prior understandings rather than
maturity of age. Similarly to Piaget and in a constructivist approach, development of
thinking occurred from children’s active experiences and engagement with
maipulatives and environments. An assumption of the Van Hiele’s model was the
levels were discrete (Pusey, 2003).
The first level, visualisation, is described by children’s perception of shapes and their
ability to draw similarities to other objects. Within this level, children often refer to
shapes with other similar real-world objects rather than by their spatial properties (for
example, rectangular shapes are like a book). The second level, analytical, occurs when
children describe a shape by its spatial properties (for example, children would identify
a shape as a rectangle rather than a book). In the third level, children understand
discrepancies between more complex shape’s spatial properties (for example,
differentiate a rectangle from a square). It is theorised that progression to this level
derives only from exposure to geometric education. In the fourth level, children build
on a priori of geometric concepts and demonstrate an ability to recognise unexplained
terminology and reason their meanings using geometric theories. Children at this level
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can categorise triangles with a justification based on their similar acute angles. In the
fifth and final level, children can reason spatial properties from different mathematical
axiomatic systems. For example, they can dispute that two parallel lines never
intersect by displaying a spherical surface with parallel lines.
In criticism of the Van Hiele’s claim that the progression through levels were discrete,
Gutierrez, Jaime, and Fortuny (1991) presented an alternative way of evaluating
student’s thinking, both qualitative and quantitative in its approach. This approach
aims to “obtain a clearer picture of the student’s geometric reasoning than with the
traditional assignment of one Van Hiele level to one learner” (Gutierrez et al., 1991, p.
237). Gutierrez and colleagues also extends the Van Hiele model of reasoning
Euclidean (two-dimensional, flat) geometry to three-dimensional geometry.
Socio-Cultural Perspective
Though Vygotsky never proposed a comprehensive model of spatial development,
when his work was translated into English, greater attention was given to the socialcultural perspective on spatial development. Vygotsky (1978) expressed the
sociological position that culture and social environments are fundamental to all
thinking, including spatial thinking. In this regard, children’s environments are
embedded with culture, either directly or indirectly (Bronfenbrenner, 1977). Cultural
tools, like maps, are a way to both access the informational systems of a culture, as
well as an expression of the culture itself (Gauvain, 1993) that influence the spatial
development of their users (Uttal, 2000). Fellow Soviet psychologist and philosopher
Yakimanskaya (1991) studied spatial thinking from its practical use as a cultural
function to navigate society and environment. Through spatial development,
Yakiminsakaya emphasised the complexities of perspective (with two and three
dimensional objects) and the varied ways of representing space. Her proposed
progression of spatial thinking related to children’s problem solving skills rather than
building on deductively reasoned geometric principles.
Universal Frame of Reference (UFOR)
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Another perspective to emphasise spatial development as culturally bound, was
Pinxten’s (1983) counter to the fundamentally Western view on spatial thinking at the
time. In his anthropological approach, Pinxten (1976) developed his own framework
for spatial analysis derived from observations from both Western and non-Western
cultures. This application of semantic analysis, known as the UFOR, was designed to be
a neutral tool, positioned to the universal features of spatial thinking across all
cultures. Pinxten’s (1983) work highlighted that spatial thinking and representation are
extracted from experiences (a posteriori) of culture, rather than (a priori)
understandings from a western philosophy.
Nativist Perspective
The nativist perspective emphasises the biological aspect of development, suggesting
humans have an innate ability to develop their spatial constructs. Nativist theorists
draw on research regarding young children’s early competence in the spatial domain,
when differentiating size and amount (Mix, Huttenlocher, & Levine, 2002), volume
amounts (Gao, Levine, & Huttenlocher, 2000), perspective taking (Newcombe, 1989)
and coding of location (Newcombe, Huttenlocher, & Learmonth, 1999). Modularity
theory is used in support, where humans inherit specific psychological spatial abilities
through basic building blocks for the development known as modularity. The
modularity of spatial ability draws on a heavily critiqued experiment by Hermer and
Spelke (1994), where young children locate hidden toys in rectangular rooms after
being disorientated. A study by Learmonth, Newcombe, and Huttenlocher (2001)
supported findings of early competence in young children’s spatial coding but critiqued
it as clear evidence of modularity. Key researchers of studies used in support of nativist
theory, Newcombe and Huttenlocher, critiqued nativism on the basis that it ignored
existing developmental evidence (Newcombe, 2002) and proposed alternative
perspective, the Interactionist Approach.
The Interactionist Approach
A neo-constructivist position, known as the Interactionist Approach, is one of the more
modern perspectives on spatial development. This position merges elements from
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other positions, integrating the social-constructivist environmental factors with the
genetic factors favoured in nativist perspectives (Newcombe & Huttenlocher, 2003). It
combines multiple developmental theories to accentuate the importance of all factors
to explain spatial development.
The Everyday Model of Spatial Development
After examining all the developmental theories presented above, Ness and Farenga
(2007) proposed that none report children’s own spatial constructions during their
everyday activities. Their interest in the field comes from the child’s understandings
and emphasises the “culture of the child, in particular, the child’s perspective of space
and geometry”(p. 63).
Ness and Farenga cite their fondness to Ginsburg and his colleagues’ research
methodology, that observed young children’s spontaneous activities and interprets
their mathematical thinking. After observing 4 and 5-year-old’s free play, they
reported that children had demonstrated significant quantity and quality of
mathematics during play when not intervened by adults (Ginsburg, Inoue, & Seo, 1999;
Ginsburg, Pappas, & Seo, 2001). The authors brought focus to the children’s capability
who posed their own mathematical problems and contextualised thinking of
mathematics. Another of Ginsburg studies filmed 4 and 5-year-olds during 15 minutes
of free play, analysing mathematical activity between Chinese and Americans in
varying socio-economic demographics. They found similar complexity of mathematical
play between the two cultures and varying socio-economic demographics (Ginsburg et
al., 2003).
The Everyday Model employs a system of codes that assist in the identification of the
children’s spontaneous spatial, geometric and architectural activities during their block
play. Ness and Farenga (2007) present cases of episodes that each provide descriptions
of children aged 4 and 5 years engaged in spatial activity. The episodes describe the
contributing factors to children’s spatial activities through a thick description of the
observations of the children, their activities, environmental settings, mathematical
content and sociocultural context. Each episode is accompanied with an analysis that
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proposed the children’s spatial and geometric understandings through their
constructions with blocks. This Everyday Model differentiates itself from the
developmental perspectives as it attempted to investigate the children’s perspective
on spatial thinking through play.
The Topological Primacy Model served a considerable input into the developmental
spatial thinking. The Van Hiele Model employed a similar chronological style to
developmental stages though not age dependent. The following social-cultural
perspectives of Vygotsky, Yakimnskaya, and Pinxten were reviewed and highlighted
the cultural context and influence on children’s development of spatial thinking. The
nativist perspective emphasises the biological aspect while the Interactionist Approach
combines elements from both the nativist and social-cultural perspectives together.
The Everyday Model on spatial development moves the perspective to the children,
and examines the development of their spatial thinking through their contextualised
and naturalistic methods.
Spatial Thinking in Play
Meurant describes ‘spatial play’ as an explorative interaction of spatial structures for
“creative pleasure, which typically generates insights into spatial relationships” (2006,
p. 152). In an exploration of language, Forrest (1978) articulates humans’ inherent use
of spatial thinking in all play and experiences of the real world, not just exclusively
mathematics. Mathematical behaviour in children, like exhibiting spatial thinking,
occurs during play in the classroom everyday in informal, formal and intuitive ways
(Ginsburg et al., 2003). In this context, informal or intuitive mathematics refer to the
understandings that derive from spontaneous everyday experiences not necessarily in
a school context and formal refers to more mathematical algorithmic concepts that are
formed from schooling (Ginsburg & Seo, 1999).
Traditionally in Australia, early childhood centres have provided children with
resources like wooden blocks or construction sets to encourage the development of
spatial thinking. Block play is a popular example of where spatial thinking occurs in
play, used by the children as a tool to construct and test their own theories of the
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world (Ness & Farenga, 2007; Robbins et al., 2011). Used for centuries, wooden blocks
as materials for open-ended play were prevalent in the practices of many early
progressive educationalists: Froebel, Montessori and Pratt (Hewitt, 2001). Though
despite the prevalence of the resource being used in early childhood environments,
very little research exists of children’s thinking during block play (Robbins et al., 2011).
Maps, Aerial Photographs, Models and Sandboxes
Maps, aerial photographs and models are all examples of objects that utilise spatial
relations to represent space to others. Maps typically offer two-dimensional
representations with symbols, whilst models offer three-dimensional small-scale
replica experiences (Newcombe & Huttenlocher, 2003). Aerial photographs offer twodimensional representations of three-dimensional space, where users are required to
scale and orientate their perspective from the height vantage and position captured
(Plester, Richards, Blades, & Spencer, 2002).
To use, understand or create maps, children employ spatial abilities of orientation and
location (Liben & Downs, 1989). Pre-school children have demonstrated initial
mapping abilities and develop their spatial orientation and visualisation abilities
through active engagement with maps, models and computer representations
(Clements, 1998). Clements (1998, p. 23) encouraged using manipulatives, drawings,
maps, models and computers representations with young children to assist their
learning processes with “abstraction, generalisation, symbolisation, perspective,
direction distance, measurement and location.” This relationship between children and
their use of maps has been described as ‘reciprocal’ as their understandings of the
spatial information represented within, influences how they understand and mentally
represent spatial information (Gauvain, 1993; Liben & Downs, 1989; Uttal, 2000).
Educationally guided exposure to maps has been found to improve young children’s
spatial ability (Baenninger & Newcombe, 1989) and using maps has been proposed to
promote spatial thinking (Liben, 2006).
Two researchers in the field, Roger Downs and Jim Blaut, have long debated each
other on young children’s mapping abilities (Aitken, 2001). Downs and colleague Lynn
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Liben (1997), who support Piagetian developmental theory, concluded that preschoolers demonstrate very basic insights of representational meaning and spatial
relations, but only achieve mastery of map understandings later at age 7. Blaut
(1997a), who supports children’s early mapping competencies, reminds of his earlier
research that indicated 3 year-old children can create maps with small trees and
houses (Blaut & Stea, 1974). Blaut asserts that in both his and Downs studies, children
aged 3 to 6 years old can demonstrate understanding of how to use an aerial
photograph as a map (Blaut, 1997b). Both researchers differ in their positions of
children’s mapping capabilities, though both advocate the importance of geographic
education in the early years.
A sandbox refers to a space that confines sand; a bounded environment for children to
actively participate and explore sand. Sandboxes are a resource typically found within
early childhood centres. Within, children can create temporary models with sand,
experimenting with the laws of physics as they interact in their social meeting place
(Twaroch & Frank, 2005). Children are introduced to a scaled geography, where they
can manipulate the spatial features of the landscape over time (Egenhofer & Mark,
1995).
Sandboxes are an example of a natural ‘microworld’, a constructivist concept given to
small and comprehensive domains that children can create and interact with, optimal
for their confined investigations (Rieber, 1996). Since the term microworld was
popularised, significant shifts have occurred in technology and theoretical frameworks
of education that evolved the term. Microworlds were originally viewed as
mathematical computer programming environments, but are now emphasised as
graphical, representative, expressive and open-ended multimedia systems (Healy &
Kynigos, 2010). Seymour Papert (1980), who first used the term in relation to his
programming environment, Logo, described microworlds as a self-confined
environment that transfers learner’s personal explorations to more formal scientific
constructions. As such, the theoretical framework of the microworld became linked
with Vygotsky’s concept of semiotic mediation, as a tool that mediated the learner’s
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process of internalisation (Healy & Kynigos, 2010). Microworlds were also linked to
another of Vygotsky’s ZPD, as the microworld is open and unfinished, children shape
and design the world proximal to their development (Noss & Hoyles, 1996).
Technology Interventions with Spatial Thinking
Computer technology has provided opportunities with spatial visualisations that
promote higher order spatial thinking in children (Clements, 1998). Utilised for
representations of spatial properties and relations through graphics, technology has
been used in educational programs and research interventions.
As early as 1971, Logo software was being used to develop children’s programming
skills through child-directed interactions (Papert, 1980). A United States study
encompassing a range of assessment techniques that included 1,624 K-6 students and
their teachers, showed that students who used Logo had significantly higher
achievement in general geometry tests than those in the control group (Clements,
Battista, & Sarama, 2001).
Another American study focussing on spatial relations investigated 19 children using a
multimedia software program to see how they interacted with computer technology
(Liu, 1996). Researchers found children’s engagement with the programs was
encouraged through using ‘developmentally appropriate’ materials and child-directed
interactions. ‘Developmentally appropriate’ reflects a technology’s use with activities,
routines, interactions and curriculum for a specific group of children (Radich, 2012).
Drill and practise has been used for rote skills in mathematics (Clements & Nastasi,
1993) but is not as effective for children as exploration, problem solving and self
guided instruction (Clements, 1997).
Educational technologists have forecasted the potential use of AR (described in the
next section) in education for its contextual, immersive, engaging, interactive visual
and spatial qualities (Johnson et al., 2012; Kaufmann, 2004; Kerawalla, Luckin,
Seljeflot, & Woolard, 2006; Lee, 2012; Samsudin, Rafi, & Hanif, 2011; Thornton, Ernst,
& Clark, 2012).
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Augmented Reality
A seminal definition of AR explains the technology as a blend of a digitally-computed,
virtual-layer of information with a user’s reality, in real time (Azuma, 1997). A
theorised reality- virtuality continuum was used to demonstrate how AR included
some virtual elements in the user’s environment but predominantly consists of real
objects and artefacts (Milgram et al., 1994). These early descriptions of AR are
maintained today, though the user interfaces of AR used in education vary to include
mobile devices, head-mounted displays, Kinect and more (Akçayır & Akçayır, 2017). As
this interactivity between users and virtual reality has developed in the commercial
gaming market, educationalists have questioned why education institutions are slow
to adopt these developments and if curriculum is ’constraining’ the potential
explorative nature of learning with AR technology (Psotka, 2013).
The potential use of AR in educational contexts (compared to other technologies) has
been identified from its unique affordances. The theorised psychological benefits of
students physical, cognitive and contextual engagement afforded by AR is
advantageous for spatial learning experiences (Bujak, Radu, Catrambone, MacIntyre,
Zheng, & Golubski, 2013). AR allows learners contextual immersion in an activity,
dependent and relative to the changes of the informal learning environment in real
time (Wu, Lee, Chang, & Liang, 2013, p. 43). By moving the virtual into the real,
learners can visualise the invisible, from three dimensional perspectives, making their
experiences concrete. A meta-review of 26 publications that compare AR and non-AR
systems for learning found that using AR increased students motivation to engage with
content, it improved collaboration between students, increased student’s
understanding of content and improved student performance in physical tasks (Radu,
2014).
Spatial thinking has been addressed in some educational AR based studies, highlighting
that AR allows users to visualise spatial and abstract concepts (Arvanitis, Petrou,
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Knight, Savas, Sotiriou, Gargalakos, & Gialouri, 2009). An American multiple case study
of 80 middle school students and 6 teachers used a hand-held application in a
narrative-driven AR simulation where a user’s virtual location was informed by their
GPS data’s real-world location (Dunleavy, Dede, & Mitchell, 2009). Measured through
observations, formal interviews, informal interviews and website data, the authors
reported that AR was a useful tool for student engagement and immersion in a geospatial navigation task.
A comparative study of 100 college students measured spatial ability performance
results between a group that tested with an AR headset worn interface and a group
tested with a traditional desktop computer geographic visualisation software (Shelton
& Hedley, 2004). The identical spatial memorisation and problem solving task results
from the AR interface users demonstrated greater spatial visualisation with greater
detailed mental representations of geographies compared to those students who used
the desktop. Researchers found participants who used AR interfaces were more
physically engaged in the task and made greater advancements in their spatial
understandings of the task.
A Taiwanese study measured 76 junior high-school aged students spatial perception as
they performed geometry tasks with AR assisted teaching tools that used headsets
(Lin, Chen, & Chang, 2015). Using qualitative and quantitative data, the authors found
that the AR system assisted spatial perception performance improved with small and
medium levels of effectiveness on students with average or lower academic
achievements, though no significant effectiveness was found with high achieving
students.
An AR spatial memory designed task used mobile technology to assess 5 to 8-year-olds
ability to remember increasing numbers of virtual objects in physical environments
(Juan, Mendez-Lopez, Perez-Hernandez, & Albiol-Perez, 2014). Children used a tablet
and moved around a physical space, while the screen displayed virtual objects within
specifically located boxes. Results indicated that 7 and 8-year-olds performance
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significantly improved in the task and suggested the AR task displayed similitude with
real world spatial memory tasks.
Those above studies focused on AR and spatial thinking, used interfaces that directly
interrupted the users experience or manipulation of the virtual information either
through a worn headset or a handheld mobile device. A United States study which
used an AR system that employed projections that not interfere with the student’s
body movements, compared the children’s experiences to computer based software
(Lindgren & Moshell, 2011). Their investigation of 62 middle school aged participants
focused on body-based metaphors to teach astronomy concepts. The students
embodied asteroids, moved along the asteroids simulated trajectories, representing
their movements in space. Through pre and post-interviews with the students, the
authors reported a qualitative difference in the children’s cognition as their
experiences of spatial immersion established deeper conceptual understandings,
though no significant qualitative differences were found.
The Augmented Reality Sandbox
The sandbox provides a developmentally appropriate and tactile experience of sand
construction to young children (Hendrick, 2000) and the AR Sandbox (University of
California Davis W.M Keck Center for Active Visulisation in Earth Sciences, 2013)
supplements this experience with the additional AR visualisation of geographic
concepts. A pilot study that used the AR Sandbox to teach geographic concepts to
undergraduates noted how the tool could assist in spatial thinking through physical
interaction (Woods et al., 2016). With no computer interface or controls for the
application, the technology does not interfere with the user’s reality, encouraging
direct manipulation (Mohler, 2001). Allowing physical interaction with models is
theorised to develop children’s sense of scale and allow them to experiment with
changing their reference points when visualising a three dimensional object (Liben &
Titus, 2012). It is also suggested that AR systems assist student’s ability to visualise and
reason interior structures from visible surfaces (Atit, Gagnier, & Shipley, 2015).
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With respect to the increasing volume of research in AR and education there is a
significant gap in the research with regards to AR and early childhood education. A
review of the literature concerning AR and education found only 1% of study was for
kindergarten learners (Akçayır & Akçayır, 2017). The data also showed the distribution
of different AR interfaces used the studies, demonstrating the majority used mobile
technologies (60%) and desktop computers (24%), with Kinect technologies
categorised as ‘other’ in the minority (16%).
Gaps in the Literature
This chapter has reviewed literature and will now identify the gaps relevant to young
children’s spatial thinking and use for AR in play. There is limited literature that
examines young children’s mathematical thinking during their everyday context of play
activities. Outside of block play, there is limited research on young children’s spatial
thinking during play. Research of young children with AR is very limited, and none
could be found that investigated their own use of AR for play. Excluding a pilot study
with undergraduates identified earlier, there is also no literature that investigates the
use of the AR Sandbox. This study aims to address the significant gap in the literature
of young children’s spatial thinking during their use of an AR Sandbox for play.
Conclusion
This chapter explored the literature surrounding 1) social constructivism theory and
how the educational approach of Reggio Emilia’s values and principles align 2) the role
of play in learning in the early years 3) spatial thinking by reviewing definitions,
developmental perspectives and the educational uses of technology to support
development and 4) AR. It identified significant gaps in the research with regards to
analysis of children’s spatial thinking in play and the use of AR technology to support
young children’s spatial thinking.
The following chapter presents the methodology that frames the research.
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CHAPTER 3: METHODOLOGY
Introduction
This chapter provides an overview of the methodology used in this research, beginning
with an explanation of the interpretative paradigm and the chosen research design of
a single case study. It highlights the participants and their context, reasoning the
purposeful sampling used. The data collection is outlined with an introduction to the
Mosaic approach and explains the methods of observations, child conferencing,
photography, pedagogical documentation and the educator’s and researcher’s
perspectives. It summarises the data analysis process, explaining the researcher’s
steps taken to develop common themes. The chapter concludes by scrutinizing the
research quality criteria and describing the ethical considerations of the research.
Interpretive Paradigm
This research is positioned within the interpretive paradigm where phenomena are
attempted to be understood through the meanings people attribute to them (Deetz,
1996) and is founded on observation and interpretation. The interpretive paradigm
regards reality as a subjective experience (Schwandt, Lincoln, & Guba, 2007), where
people actively construct their own meanings from social situations, inside a matrix of
contextual relationships (Cohen, Manion, & Morrison, 2000). Knowledge is considered
a process of construction through experience, rather than an objective truth (Vygotsky,
1978). An assumption of the epistemological social constructivist and ontological
relativist position within this paradigm is that reality is a construction of the mind and,
thus, multiple equally valid realities can exist (Schwandt, 1994). The interpretive
paradigm was chosen for this research as allows the multiple realities within the
classroom when using an AR Sandbox for play to be voiced.
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Case Study Research Design
The research employed a single case study research design. Case studies provide a
rich, representative understanding to a real-life context of a complex situation (Yin,
2011). They provide a holistic method of describing and interpreting phenomena in
context, from multiple perspectives (Merriam, 1998). Case studies are interpretive as
they attempt to bring to life and recreate the lived experiences of the participants
(Stake, 1995).
Single case studies are characterised by a particular and unique case within a bounded
network (Stake, 2008). This single case study described how four 4 and 5-year-old
children used the AR Sandbox for spatial thinking through play in their classroom. Case
studies are distinguished by three characteristics: particularistic, descriptive, and
heuristic (Merriam, 1998). This single case study is particularistic as it focuses on how
young children interact with the AR Sandbox during play. It is descriptive as it describes
in detail and from multiple perspectives how children play with the AR Sandbox. This
single case study is heuristic as it provides new insights and understanding of how
young children use an AR Sandbox for spatial thinking during play.
Site and Participants
This research was conducted in an Australian metropolitan school, inspired by the
Reggio-Emilia (RE) approach to early childhood education. The school, classroom and
participants were all selected by purposeful sampling, where a deliberate selection
was made based on the research criteria. Purposeful (or selective) sampling was
described by Schatzman and Strauss (1973, p. 39) as being “shaped by the time the
researcher has available to him, by his framework, by his starting and developing
interests, and by any restrictions placed upon his observations by his hosts.”
The social-constructivist school was chosen for its philosophical approach that aligned
with the research’s epistemological framework. The school’s pedagogical philosophy
to children’s education emphasised play for learning and encouraged the use of tools
in their play, a criteria of the research question. The school employed the researcher in
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the unique capacity as a Media Specialist which provided the researcher with a deep
understanding of the school’s context and pedagogical practises. The first known,
external installation of the AR Sandbox was developed by the researcher at the school.
At the time of the research, very few schools had such technological resources
available.
The classroom was selected based on two criteria: 1) children were enrolled in a full
time, five-day program, and 2) educators programmed play-based activities for
children within their normal class routine. The classroom educators also noted how
they felt ‘aligned’ with their school’s social constructivist and pedagogical philosophy
position.
There were three groups of participants in this research: children, educators and the
researcher. Four participant children, aged between 4 to 5-years-old, were
purposefully selected based on three criteria. The first criteria selected children who
had attended the school prior to the year the study was conducted, for their deeper
understandings of the school’s pedagogical practise. It was assumed those children
who had prolonged experience, were more likely to be acquainted with the school’s
educational approach. Second, an equal distribution of genders between participants
was sought to allow more diverse results. Thus, the four participants represented a
balance of genders. The final criterion was based on the children’s initial engagement
in the classroom with the AR Sandbox. The purpose to include participant children who
demonstrated various levels of engagement was based on the assumption that
children with diverse dispositions to the tool would play differently with it. The
children’s engagement was observed for frequency and duration with the AR Sandbox,
and if they approached independently or with others. These observations informed
the sampling process as a means to increase the credibility of the findings.
The first child participant, Dale (all names are pseudonyms), a boy aged 5, had been
enrolled in a full-time capacity for the full year prior. He showed enthusiasm in his
initial engagements, approaching the AR Sandbox independently for a sustained
engagement. His close friend Josie, a girl aged 4, shared this enthusiasm for the AR
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Sandbox. Josie was enrolled at the school in a part time capacity for two years prior to
the study. The third participant, Andy, engaged once for under five minutes with the
AR Sandbox in the first week and preferred his play in the outdoors environments. He
had turned 5 years of age during the study and was enrolled two years prior to the
study. Lucy, the fourth participant, also engaged in a limited capacity with the AR
Sandbox, as she preferred individual play or in smaller groups. Lucy was aged 4
throughout the study and had been enrolled at the school the year prior to the study.
At the time of the study, the two classroom educators had a combined 8 years of
experience teaching with the RE approach. Both females had taught at the school
together for 2 years, with the children of the same age and in the same classroom.
Both noted during the initial meetings that they felt comfortable with their
participation in the study, as they had an academic researcher conduct a qualitative
study in the classroom the previous year.
During the study, the researcher was also a participant and adopted a changing
observational role that moved between participant observer and non-participant
observer (Creswell, 2008). Participant observers engage in the activities with
participants to gather a closer insight to their views (Spradley, 1980). A non-participant
observer withdraws themselves from the participant’s actual experiences, to simply
observe without interaction. As a participant-observer the researcher asked the
children questions related to their play, assisted where requested and joined in
children’s play when invited. As a non-participant observer the research captured
photographs, wrote notes and observed the children’s play. Changing between the
two roles was necessary to capture observations of how the participants engaged in
child-centred play, while occasionally interacting to strengthen the researcher’s
interpretations of their play.
Data Collection
The study was held over an 8-week duration in one Kindergarten/Pre-primary mixed
classroom of 24 children during Term 2, 2015. Data was collected two mornings a
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week, in which the class’ daily routines allowed for approximately an hour and a half of
play. During this time, the children had access to the AR Sandbox inside the classroom
as well as other activities, such as traditional sand play experiences outside. When the
children were not scheduled for play, they were engaged in structured activities that
included class meetings, clean up duties and sharing food together.
The Mosaic Approach
Over the past decade, early childhood education research has started to favour a more
child-centred approach (Harcourt, 2011). The approach balances the relationship
between adults and children within research and reflects the view that children can be
“experts in their own learning” (Langsted, 1994, p. 28). This competent image of
children is a value shared with the RE approach to education, where learning is viewed
as a collaboration between adult and child (Clark, 2004).
The Mosaic approach is a methodological model developed to ethically engage young
children as competent participants of research (Clark & Moss, 2011). The model was
inspired by the pedagogical practices developed in RE, evident in the attention given to
capturing children’s many expressions of their understandings (Clark, 2004).
Researchers are encouraged to engage with the participants, acknowledging adults
and children are co-constructors in the process of building knowledge, rather than “a
chance to extract the ‘truth’” (Clark & Moss, 2011, p. 4). Listening to children’s voices
is the fundamental basis of the Mosaic approach and requires a classroom
environment which values their opinions. The approach is flexible, constructing a
framework for listening to children, as opposed to providing a rigid methodology that
researchers follow (Clark & Moss, 2011).
Within the Mosaic approach, children’s experiences and views are constructed through
the use of multiple methods of data collection, with a preference on verbal and visual
methods over written ones (Clark & Moss, 2011). Mosaics are formed by multiple
pieces of data, including traditional ways of listening, and some alternative symbolic
ways. For example, mosaics can include children’s photographs to communicate their
ideas, with the photographs becoming a prompt for further discussion (Clark, 2011).
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These active discussions strengthen the adult’s interpretation of childrens responses
and highlight an important reflexive quality to childrens’ perspectives and the coconstruction of knowledge (Clark, 2005). With a focus on children’s everyday lives, the
Mosaic approach gives importance to the interpretive understanding of their
complexities, views and experiences in everyday life.
Data was collected in the current study through five methods: observation, child
conferencing, photography, educators’ perspectives and researcher perspectives. The
four participant children, two educators and the researcher all participated in
gathering data. Of these methods, children’s photography was the only tool
introduced into the classroom’s existing daily routines. The educators already
conferenced regularly with the children and each other, and shared their observations
and perspectives through pedagogical documentation. Each of the data collection
methods and their implementation will now be described.
Observation
Observations are narrative accounts that record moments of the children’s play,
particularly emphasising their body language and environmental context (Clark &
Moss, 2011). Within the Mosaic approach, they form the basis of the whole data
collection, as adults ‘listen’ to young children, noticing how they use their time. As
observations are an adults account, they are understood as one piece of the mosaic
and need to be elaborated with other data collection methods.
The observation data sought to answer the question, ‘What is occurring during play at
the AR Sandbox?’ As the children’s verbal language was developing, the observation
employed various forms of ‘listening’ to provide visibility of children’s play with in the
AR Sandbox. Observations paid attention to the children’s body language, facial
expressions and other behavioural tendencies. For example, it was noted when a child
placed one hand on their hip and the other with an index finger on their chin, thus
using body language to convey to another child they were ‘thinking’. Another example
noted a child’s behavioural tendencies, positioning themselves in the same corner of
the AR Sandbox.
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During the play sessions, the researcher created quick, rough, hand-written field notes
that described the children’s play related to the AR Sandbox. The researcher’s
observations described the children’s interactions with the AR Sandbox, with other
children and the adults. These observations provided a snapshot of the scenario
immediately as they occurred and included brief transcripts of the children’s
discussions. To ensure an accurate transcript was captured, the written field notes
were accompanied by audio recordings. During all play sessions a microphone, located
proximal to the AR Sandbox, captured the children and adult’s discussions. The
researcher pencilled time code alongside the brief transcripts, used to cross-check the
accuracy with audio-recordings during the analysis process. During the play sessions,
approximately 45 pages of observations were written throughout the study. These
observations also included drawings of the classroom’s environment, positioning of
materials and marked locations where the children spent their play time. Appendix 3
provides an example of the hand-written observations.
Child Conferencing
The Mosaic approach provides a formal structure for conversations with children from
a child-centred approach. Conferences emphasise the importance for the child to feel
in control and are sensitive to the setting and duration of the interviews, adapting to
the children’s movements during these conversations. The purpose of child
conferencing is to provide a reflective tool that allows children’s views to be presented
and gives thought to their play (Clark & Moss, 2011).
During the study’s second week, the researcher conducted individual audio-recorded
conferences with the four participant children, in a familiar shared space adjacent to
and visible from their classroom. The intention of these conferences was to ask the
children the same questions at the beginning and end of the study. During these
conferences, the educators and the researcher noticed how the children became
significantly more reserved and shy. As a result, the formalities of withdrawing the
children to a quieter space were replaced with informal conferences during their play
sessions. As these conferences developed into informal conversations, both educators
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and the researcher noted the children’s increased confidence to share ideas. As the
informal conferences occurred proximal to the AR Sandbox during play, they often
developed into small group conversations and the children physically used the space to
articulate their expressions. Thus, the conferences became dynamic, where children
moved around and referred to aspects of the AR Sandbox. This adjustment to the child
conferencing meant the questions intended to be repeated at the beginning and end
of the study became slightly varied to what was originally planned. These questions
were based around the following: How do you play in the sandbox? What do you like
the most/least about the sandbox? What do you find easy/difficult about playing in the
sandbox?
The researcher also asked informal questions to the children during play, intended to
seek clarification of their ideas and to strengthen the understandings of their play.
Care was given to respect their privacy and ensure the informal conferencing did not
overburden the children’s play, as the Mosaic approach notes that “listening is not a
right” of the adult (Clark & Moss, 2011, p. 64). The following guides were used when
questioning participant children: initiate no more than two questions per child per
session, and only ask follow up questions if a child is forthcoming in sharing through
conversation or interaction. The children were also regularly reminded of the
voluntary nature of their consent throughout the sessions (see Ethical Considerations
section). Wurm (2005) noticed the value RE centres placed in allowing time for
children to process their understandings. In line with the RE approach, the researcher
did not set a pre-determined time for conferences and allowed for the children to
reflect on their play.
Photography
Both the participant children and the researcher used cameras as a data collection
tool. The participant children were asked to capture photographs of what they found
interesting or important when playing with the AR Sandbox. The researcher’s
photographs captured a visual perspective of the children’s experiences.
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Cameras are an appealing communication tool that capture children’s views from a
visual perspective and are central to the Mosaic approach (Clark & Moss, 2011). Clark
and Moss (2011) noted how children can see photographs as a ‘finished product’ with
social value in the ‘adult world’ more than other forms of expression, like written
language or drawings. Children’s photographs capture their perspective in snapshots
of space, in time, expressed in two dimensions with precise spatial-relational accuracy.
As these photographs communicate an externalised representation of space, they can
contribute data that is not mediated by a developing expression like language or
drawings. Basic digital cameras are ideal for young children as they are light, small, and
have simple functionality while providing instant feedback of the photographs on the
back display (Carter Ching, Wang, Shih, & Kedem, 2006).
Digital cameras were made available for all children in the classroom to use during
their AR Sandbox play. To ensure all children understood the purpose of the camera,
the researcher provided an interactive workshop with the class one week prior to the
AR Sandbox installation. This allowed an opportunity for the children to learn how the
cameras worked, where they were stored and established what they were used for.
Four cameras were each numbered and made available for all children during play
with the AR Sandbox throughout the study. The cameras were located on either a
lower shelf or a nearby table, both within two meters of the AR Sandbox and easily
accessible to the children. See Appendix 4 for a photograph of how the cameras were
presented. During the first week, the class unexpectedly developed a method to their
perceived problem of, ‘How will we know who has taken what photo?’ To ensure the
identity of the photographer, the children decided they would use the same numbered
device each time and would capture themselves on their first photograph, to
demonstrate they captured the following photographs. The researcher also noted in
his observations when the devices were used with time markers, so each photograph’s
metadata could verify their identification process. The classroom had a range of
experience using digital cameras and the participant children appeared comfortable
and enthusiastic with the tool. The children’s photographs were subject to editing by
blurring of faces and uniforms to ensure anonymity of participants. To maximise the
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authenticity of the children’s intended meanings and spatial intention, no cropping or
other editing was applied to their photographs. Table 3.1 summarises the number of
photographs the participant children and researcher captured during each session. All
children took photographs at different times over the 8 weeks.
Table 3.1 Summary of the number of photographs taken by each of the children and
the researcher across the 8 weeks of data collection.
Photographer

Week
1

2

3

Dale
Josie
Andy
Lucy
Researcher

0
0
0
0
38

2
9
7
9
18

12
9
13
0
46

Dale
Josie
Andy
Lucy
Researcher

18
39
0
0
36

16
18
17
41
25

11
17
18
0
42

4

5

6

7

8
7
0
0
68

Absent
0
20
16
89

6
6
Absent
Absent
73

7
13
18
0
114

7
22
0
0
106

3
19
Absent
0
84

8

Wednesday
14
5
0
Absent
85
Friday
18
1
3
0
105

School
Event

3
10
Absent
0
69

During the informal child conferences, the participant children viewed and shared their
photographs with their peers, educators and the researcher. This provided an
opportunity to share insights into their intention and initiated conversations between
the child and researcher. The children’s discussions of their photographs was a crucial
guide to aid the researcher’s interpretation (Stan & Popa, 2013) and has been noted in
the photograph’s captions. These discussions revealed another reflexive quality of the
mosaic, a practice also embedded in RE’s daily routine of pedagogical documentation.
The researcher captured photographs throughout the study providing an adult’s visual
perspective to the documentation. The researcher used a digital single lens reflex
camera available near the AR Sandbox to capture the children’s play, the environment
and display of learning materials. The researcher’s photographs were also edited for
anonymity and occasionally cropped to bring greater focus to the intention or subject.
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All blurred photographs used a partial blur technique that obscured the participant’s
identity but maintained as much of their facial engagement as possible to assist in the
reader’s interpretation of their play.
Throughout the study, there were some limitations to both the children’s and
researcher’s use of the camera. Occasionally, the children requested the researcher to
capture photographs of aspects of the sandbox they perceived as important on their
behalf. This allowed the children to continue their play without interruptions, as
wiping of hands for use of the camera interfered with their play. At times, the
researcher documented field notes or was engaged in play with the children which
limited the capacity to capture photographs.
Educators Perspectives
The classroom educators’ perspectives are a valued insight to the case study and are
included to strengthen the voice of the children. The educators contributed valuable
information about the children based on their unique position and long-term
relationships formed through regular interactions. The two classroom educators
shared their views on the participant children through two semi-structured interviews,
informal conversations and their pedagogical documentation.
The audio-recorded semi-structured interviews were conducted with both educators
together during the second week of the study and at the completion. The educators
shared both factual information (like age and gender) and described their perspectives
on the children’s play. The interviews lasted approximately 15 minutes each. The
interview questions were based on the following: How would you describe [child’s
name] play with the AR Sandbox? What strikes you most about [child’s name]
interactions with the AR Sandbox?
During time designated for the classroom set-up of the environments in the morning,
the educators also shared informal conversations. They would discuss their
perspectives on the classroom culture and the class’s developing interests and
projects. As they selected and presented materials in preparation for play in the
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environment, they justified their pedagogical decisions. They also suggested materials
that were available to encourage the children’s play with the AR Sandbox.
Pedagogical documentation is a practice of RE inspired schools, where children and
adults collaboratively reflect and communicate their understandings to make the
learning ‘visible’ to the community (Edwards et al., 2012). The educators captured the
children’s learning journey through their own photographs, written notes, transcripts
of children’s discussions, children’s art and work samples, and other artefacts of the
class’ learning experiences. They used the documentation to create panel displays
presented on the classroom’s wall and learning stories, shared online with the parent
community. The documentation relevant to the AR Sandbox play was copied and
included as data from the educator’s perspective. Their pedagogical documentation
also gave the researcher further insight to the children’s learning experiences when
not present in the classroom.
Researcher Perspectives
The Mosaic approach positions the researcher as a valued contributor and ensures
their visibility throughout the data collections process (Clark & Moss, 2011). As such,
the researcher’s viewpoint is acknowledged in the previously outlined tools of
observation and photographs.
Data Analysis
The process of analysing qualitative data occurs repeatedly and is not a single activity
(O'Donoghue, 2006). In the Mosaic approach, analysis is also ‘reflexive’: an
interpretation based on revisiting constructs through consultation with the children
(Clark, 2004). Thus, the analysis began with the researcher’s interactions with the
participants, and continued throughout the whole project. This inductive process
begins with identifying patterns and categories, connecting the relationships of
different categories to describe themes from the data (Harcourt & Mazzoni, 2012). The
data is then composed to present a mosaic that is representative of the constructed
understandings (Greenfield, 2011).

print

48

The data analysis was split into three phases: gather and organise, identify themes and
reconstruct. A summary of this process is presented in Table 3.2.
Table 3.2 Summary of the Data Analysis Process
Description
Phase 1:
Gather and
Organise

Phase 2:
Identify
Themes

Phase 3:
Reconstruct

Hand-written field notes typed into electronic documents
All data is collected and sorted electronically

Mosaic created for each participant child
Photographs are included in children’s mosaic
Pedagogical documentation included in children’s mosaic
Researcher reviews children’s mosaics to identify themes
Four themes of the children’s use of the AR Sandbox emerge: Exploratory Play,
Games, Representational Play, and Small Worlds Play

Sequences and titles developed for each theme: ‘The Light and its Space’ for
Exploratory Play, ‘Hiding and Finding’ for Games, ‘A Real Geography’ for
Representational Play, and ‘Pyramid World’ for Small Worlds Play
Series of Vignettes are mosaicked from sequences
Interpretations describe the spatial thinking in each series of vignettes

Phase 1: Gather and Organise
While the following description the data analysis process appears chronological, each
step did not always occur once or begin at the completion of the previous step. In the
afternoon of each play session, the researcher transferred hand-written field notes
into an electronic document. This process allowed time for reflection and greater
detail to be included that was not achievable within the immediate moments of the
play sessions. The afternoons were also used to collect all other data collected to be
labelled, copied and electronically organised into folders. The folders were organised
chronologically and included the observations, audio recordings and photographs from
all four participant children and the researcher from the session.
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Phase 2: Identify Themes
At the completion of all sessions, the Mosaic approach moves to a second stage which
pieces the data together (Clark & Moss, 2011). In the next step, the researcher created
individual mosaics for each of the participant children to be used to identify their use
of the AR Sandbox for play. This began by compiling all observations from daily
sessions into one chronologically ordered central document. Within this document,
each session’s font was coloured differently to allow easy identification. This
document was duplicated four times, one for each of the participant children, and
created the foundation of their individual mosaics. Their documents were then refined
by omitting any data where they were not involved. Next, the children’s photographs
relating to the observations were inserted in their individual mosaics, using the time
codes of the digital camera’s metadata and the coloured text to ensure positional
accuracy. Following this, all related photographs captured by the researcher were
included. The inclusion of all photographs created an inefficient file size as a working
document due to its size. Thus, the researcher withdrew any unrelated photographs,
and replaced removed photographs with a descriptive text reference. Finally, any
pedagogical documentation created by the educators were inserted into the individual
mosaics where relevant. Summary tables were produced for each child and placed at
the beginning of the individual mosaics. These included the number of photographs
the child had taken for each session, a brief description of the child’s play with the AR
Sandbox for each session, and an overview of the child’s engagement with the AR
Sandbox. These are presented in Appendix 5. After completing these steps, a large
individual mosaic was created for Dale, Josie, Andy and Lucy that included
observations, child conferencing, photographs, educators’ perspectives and researcher
perspectives.
The researcher then began the process of the inductive analysis to identify themes of
how the children used the AR Sandbox for play. Each of the four mosaics were
reviewed to identify patterns of the children’s play, with notes being written next to
children’s behavioural descriptions. Using the notes gathered from the mosaics, the
researcher experimented with the organisation of the identified patterns to establish
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themes. Appendix 6 presents an early attempt to establish relationships of the
identified play patterns in a presentation style similar to a mind map, where the
relationships are represented through lines. While trying to establish links between the
children’s uses of the AR Sandbox, the interrelated nature of their play was revealed.
Rarely was the children’s use of the AR Sandbox identified as one use. Through several
attempts to categorise their use, the related patterns were synthesized into four ways
that the children were using the AR Sandbox: Exploratory Play, Games,
Representational Play and Small Worlds Play.
Phase 3: Reconstruct
The Reconstruct phase involved identifying appropriate sequences from the mosaics to
tell a story, providing titles for these stories, writing vignettes around each sequence,
and interpreting these vignettes in regards to spatial thinking. The researcher
identified possible sequences from the mosaics that represented the children’s use of
the AR Sandbox in relation to the four identified themes. Sequences were chosen
based on two criteria. First, the sequences had to tell a story in relation to spatial
thinking. The second criterion aimed to represent children’s use sustained over
different durations of time across the data collection period. This meant considering
sequences that occurred all in one session along with sequences that occurred over
the whole eight weeks. By presenting both intermittent and sustained sequences, the
quality of the findings was further enhanced. Through this process a total of 15
sequences were identified: four in Exploratory Play, two in Games, five in
Representational Play, and four in Small World Play.
Once these story sequences were chosen for each of the four themes, titles were
developed to reflect what was happening in the story. For Exploratory Play, the title
was ‘The Light and its Space’ because children’s inquisitively investigated the bounded
space that the AR Sandbox’s projections occupy. For Games, the title became ‘Hiding
and Finding’ as the children created and developed their own game of hiding wooden
objects in the sand for others to find. For Representational Play, the title was ‘A Real
Geography’ as a connection was made with a local landmark. Finally, for Small World
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Play, the title was ‘Pyramid World’ as the children built pyramids in the AR Sandbox as
homes for their imaginary play.
Following a similar procedure to Blake and Howitt (2012), vignettes, or short stories,
were then developed for each identified sequence. A summary of the data sources
used in developing the vignettes for each participant child is presented in Appendix 7.
The vignettes are creatively constructed mosaics based on all data sources. The
vignettes were written with an emphasis on detail and dialogue to provide
authenticity, enhance the voice of the children, and to capture the vivid actions and
interactions that were occurring. A range of photographs have been included within
each vignette to add further detail and authenticity; children’s photographs feature
predominantly, adding to their voice. Vignettes were then interpreted in regards to the
spatial thinking that the children were exhibiting through their play in the AR Sandbox.
These interpretations do not claim to ‘understand’ the children’s spatial thinking;
rather, they describe what has been identified in the vignettes.
Research Quality Criteria
This research aimed to give strong visibility to the children’s understandings of how
they used the AR Sandbox for spatial thinking through play. This was achieved by
providing them with multiple ways to communicate (Clark, 2011). Thus, the findings
were represented as a multidimensional construction of knowledge with a rich
description of the scenario. This research employed two approaches to strengthen the
quality criteria of the findings: crystallisation and trustworthiness.
This research utilises crystallisation as a method of reinforcing quality criteria. The
term ‘crystallisation’ describes the data analysis process from a range of data sources
and methods while acknowledging the epistemological foundations featured in the
research’s methodology (Spencer, Ritchie, Lewis, & Government Chief Social
Researcher's Office, 2003). In using crystallisation, the researcher accepts that multiple
realities exist amongst the participants and the possibility that each developing reality
could differ from the other. Thus, this approach does not seek to converge on a
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singular point like triangulation; rather, it strives to describe the multiple realities of
the children’s lived experiences of play with the AR Sandbox.
The criteria of trustworthiness for qualitative research was introduced by Guba (1981).
It consists of four components: credibility, transferability, dependability and
confirmability. In meeting credibility, constructions must be represented accurately
such that participants certify its ‘truth’ (Halldórsson & Aastrup, 2003). The credibility of
the findings are focused through crystallisation of the data, the use of multiple
participants, the selection criteria of participant children, multiple methods of data
collection, rich and descriptive vignettes, the researcher’s experienced understanding
of the school culture, along with regular iterative and reflective conferencing with the
participants. In addressing transferability, researchers describe the context so that the
reader can sufficiently determine what findings could be reasonably applied to their
environment (Merriam, 1998). In striving for transferability, detailed descriptions of
the participant’s context and the children’s interactions with the AR Sandbox were
presented. The criterion of dependability relates to whether the results were
consistent with the data collected and should present enough detail for a later
researcher to repeat the study (Shenton, 2004). In qualitative research, there is an
assumed difficulty in presenting a study as repeatable, due to the unique context that
motivated the purposeful selection of participants. However, dependability was
approached with thorough descriptions of the methodological process that included
the participant’s context, and the Mosaic approach to data collection and analysis. In
meeting confirmability, the researcher must demonstrate the findings are derived
from the data and not that of their predispositions (Shenton, 2004). Within this study,
confirmability was strived for using crystallisation of multiple participant perspectives
and the detailed description of the data collection and analysis processes. It is through
the combined collection of the multiple perspectives of the participants, multiple
methods of data collection, the detailed analysis process and detailed findings that the
research quality is maintained.
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Ethical Considerations
The research was approved through The University of Western Australia’s Human
Research Ethics Committee Approval Number RA/4/1/7463. This research is
underpinned by Article 12 of the United Nations Convention on the Rights of the Child
(UNCRC) which embodies the rights of all young children to participate in research
(United Nations Children's Fund, 1989). There are four aspects that need to be
considered with regards to the participatory research: informed consent, voluntary
nature of participation, anonymity and confidentiality.
Informed Consent and Voluntary Nature
The voluntary nature of research and the requirement of informed consent needed to
be understood by all parties: the children and their parents, the educators and the
participating school. Initially, a discussion was held with the school’s Pedagogista and
Principal and attended by the participant educators. This allowed the researcher to
discuss the intentions of the research and allowed for questions to be asked and
answered between parties. An information sheet was shared containing details on the
purpose of the research, methods of data collection, risks and benefits of being
involved, possible places the research may be presented, voluntary nature of
participation and participants rights to withdraw. The researcher presented the
Principal information sheet and consent forms (see Appendix 8) and teacher
information sheet and consent forms (see Appendix 9) and allowed a month for
review, which provided an opportunity to ask any questions about the research.
During the meeting the educators and researcher agreed that to ensure the children’s
interaction with the AR Sandbox could be defined as child-led, the AR Sandbox would
only be an activity option, not a compulsory activity. The educators acknowledged that
over-emphasis of play with the AR Sandbox over other activities may create
expectation or encourage the children’s choice to engage, and attempted to remain
neutral throughout the study.
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Prior to the study, the researcher spoke to the attending parents of the classroom’s
compulsory parent night in the first week of the school year. This provided an early
opportunity to outline details of the upcoming project and answer parent questions
the presentation. During the presentation, the researcher clearly differentiated
between his role as a researcher and his other roles within the school as an Arts
Specialist. Parent and children participant information booklets and consent forms
(see Appendix 10) were handed out to all attending parents (and to absent parents on
the following school day) to allow them three months to review and contact the
researcher with any questions. These information booklets provided information
about the aims of the research, the approach to data collection and ethical procedures
that maintained the children’s anonymity. The participation information booklet
highlighted the voluntary nature of the research and reiterated the children could
withdraw at any time without prejudice or reason. Speaking to the parent group
provided an opportunity to highlight the similarities and differences from other
academic research methodologies they were familiar with.
Throughout the study duration, it was not disclosed which participant children were
selected to the class or parent group. The purpose of not disclosing the selected
participants was to encourage equality amongst play and experiences with the AR
Sandbox and the whole class. It was assumed that if a child knew they were not a
selected participant, they may feel their play with the AR Sandbox would be valued
less. Thus, all children had equal access to data collection cameras and ongoing daily
consent (see below). This also assumed a minimal bias of the parent and children’s
engagement with the AR Sandbox and interactions with the researcher. As the
research involved young children, it was an important consideration to ensure that the
children themselves were aware of their roles and rights. The inclusion of children’s
informed agreement to participate allows children to determine their own consent,
conforms to the UNCRC, and demonstrates a respectful approach to the children
(Dockett, Perry, & Kearney, 2013). From the position that children are capable
contributors to research, children are also capable of understanding and
independently determining their consent when given appropriate information (Clark &
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Moss, 2011). As such, children were provided with an opportunity to demonstrate
initial informed consent and ongoing voluntary consent throughout the project.
In recognition of children’s rights to participate in early childhood research, Mayne,
Howitt and Rennie (2016) outlined an approach that assists children in providing
meaningful informed consent through story. The innovative ‘interactive non-fiction
narrative’ approach uses technology to explain the research information through story
for young participants (Mayne, Howitt, & Rennie, 2017). This approach has been found
to enhance children’s understanding of the research process and their rights in
research (Mayne et al., 2016). Adopting this approach, the researcher developed a
story that presented his role at the school, interest in digital technologies, interest in
the AR Sandbox, and curiosity of how young children could use it for play. The story,
called ‘The Special Sandbox’, was presented as a PowerPoint presentation. The
beginning of the story aimed to distinguish between the researcher’s role and his roles
other within the school, to reinforce the voluntary nature and reduce the power
position between adult and child. The story explained how the children could assist the
researcher and explained that consent must be given on a daily basis. The presentation
concluded by asking the children to discuss how they would like to show their consent.
A copy of the story can be found in Appendix 11. The first time the five-minute story
was presented to all children during class time, the researcher read the story with the
educators present. During the presentation of the story, children were encouraged to
ask any questions and to answer the questions presented in the story. On two later
occasions, the story was read and discussed by the educators to the children, without
the researcher present. This allowed the children multiple opportunities to contribute
to the class discussion, identifying what they understood about the story and their
rights to participate in the research.
After the story was shared on these three occasions, the educators agreed that the
children had demonstrated their understandings of the story based on class
discussions. They shared that the children had suggested an abundance of ideas how
they could express their daily consent. For its practicality, a process similar to the class’

print

56

morning sign-in ritual was agreed on by most of the children. Thus, the children were
invited to write down their name on a designated page near the AR Sandbox to
express consent each day. Their expression of consent drew similarities to the
Harcourt and Hägglund’s (2013) use of the ‘OK paper’. This article described how, after
several discussions between the children and researchers, the children negotiated
their consent as researchers, by writing ‘OK’ on a document. All participant children
provided daily consent when present and when interacting with the AR Sandbox.
As young children were essential participants of the study, it was important to reduce
the power imbalance between the researcher and child (Gallagher, Haywood, Jones, &
Milne, 2010). As consent from the children must be given freely and without influence,
the researcher needed to be sensitive to their own and the children’s behaviours. To
achieve this daily, the researcher maintained neutral verbal and non verbal language
when asking consent, asked each child no more than once a day, was sensitive to
children’s body language and behaviours, and maintained an open dialogue with
classroom educators about the children.
Anonymity and Confidentiality
The participating children and educators are provided with pseudonyms to maintain
their anonymity. Photographs containing faces and or school logos have been covered
to protect their identity. All participants were assured their information remained
confidential at all times. All data collected on portable devices were downloaded to a
password-protected computer and were removed from each device as a daily routine.
All hard copies of information have been stored in locked cabinets in a locked room,
while all digital information has been stored on a password-protected hard drive, for a
period of seven years, until a decision is made about what to do with the data.
Conclusion
This chapter has provided an overview of the methodology adopted within the study.
It outlined the single case study design that resides within the interpretive paradigm. It
introduced the participants and their context through a description of the purposeful
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sampling that was used. The Mosaic approach to data collection was described, along
with the five methods of data collection (observation, child conferencing,
photography, educator perspectives and researcher perspectives). The steps taken in
the analysis process were reported leading to the identification of four ways the
children used the AR Sandbox for spatial thinking during play. Quality criteria used in
the study was outlined. Finally, the chapter detailed the ethical considerations of
research with young children and the methods taken to ensure their respectful
involvement.
The next chapter presents the findings of the study, outlined over four series of
vignettes and interpretations. The four vignettes presented highlight the children’s use
of the AR Sandbox through; Exploratory Play, Games, Representational Play and Small
Worlds Play. The vignettes are mosaicked accounts of the children’s play and each are
accompanied by interpretations of their spatial thinking during the events.
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CHAPTER 4: FINDINGS AND INTERPRETATION
Introduction
The purpose of this research was to describe how the AR Sandbox could be used by
young children to develop their spatial thinking through play. This chapter presents the
findings on how the children used the AR Sandbox for play in multiple ways. From the
analysis of the data, four main uses of the AR Sandbox emerged: Exploratory Play, Games,
Representational Play and Small Worlds Play. Each of these four uses is presented in turn
as a range of vignettes to highlight how the children played with the AR Sandbox, followed
by interpretations of how the children developed their spatial thinking during this play.
The vignettes have been written in the present tense to capture the moment of the events,
while the interpretations have been written in past tense to reflect back on the vignettes.
The photographs included in the vignettes have been chosen from those taken by both the
children and the researcher. The source of each photograph is identified by a label, which
includes the first letter of the photographer’s name, the week (1 through to 8), the first
letter of the day (Wednesday or Friday) and the photograph number. For example, D1W_1
indicates the photograph was captured by Dale, on the Wednesday of the first week and
this is Dale’s first photograph in the vignette.
Fifteen vignettes are presented across the four uses of the AR Sandbox. Exploratory Play
includes four vignettes and describes the participants Dale and Josie as they explore the
space that the projector’s light occupies. The accompanying interpretations describe how
the children’s curiosity regarding the light drew them into an investigation of its spatial
properties. The children’s use of the AR Sandbox for Games is described in two vignettes as
Dale, Josie and the researcher hide blocks in the AR Sandbox. The Games interpretations
explain the problem solving and strategy making techniques the children used to both
hide and find the hidden objects within the sand. The five Representational Play vignettes
describe the children’s use of the AR Sandbox and an aerial image of their school and
nearby lake to create models that represent real life spaces. The five Representational
Play interpretations relate to the children’s use of tools to represent and communicate
space. The series of four Small Worlds Play vignettes describes the children’s imaginary
play as they create pyramids within the AR Sandbox. The interpretations of these vignettes
describe the children’s exploration of shape as they investigated the spatial properties of
their constructions within their Pyramid World.
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Exploratory Play Vignettes: The Light and its Space
Introduction
The AR Sandbox uniquely captivates its users through a blend of two familiar worlds:
reality and virtual reality. As the children engage with the AR Sandbox, they are curious
about its components (the projector, depth sensor, computer tower and sandbox) and how
each component functions. This curiosity is sustained for the installation’s 8-week duration
as the children analyse the functionality of the AR Sandbox. The children use other
classroom materials, like paper, kitchen utensils and PVC pipes, to assist their enquiry
and consolidate their understandings. The exploration of the AR Sandbox is led by the
children’s curiosity, engaging in play of spatial activities.
The following four Exploratory Play vignettes follow Dale and Josie, highlighting their
interest with the space that the projector’s light occupies. This inherently spatial
experience occurs through their investigation of the AR Sandbox’s components,
performance and reliability. Classmates Andy, Evie and Tim join the investigation to
support Dale and Josie’s developing understandings.
Exploratory Play Vignette 1: Making Shadows
It is the class’ first interaction with the AR Sandbox and Josie and Evie have begun by
exploring shadows using the light of the projector. To create shadows, they use their hands
and then employ some nearby pieces of paper, holding them to block the projection’s
light. Evie is tall and manages to reach much closer to the projector’s bulb than others (see
Figures 4.1a-e for the sequence of their shadow play).
Josie: We hold the piece of paper up close to the light. The higher the piece of paper, the
bigger the shadow.
Josie articulates the findings of her joint investigation by describing how the shadow size
is influenced by the distance between the paper and the light. They use their hands and
the A4 paper to explore how differing objects, orientations and positions control the shape
of the shadow. Andy has been observing Evie and Josie’s play and takes a piece of paper,
placing it gently on the sand’s surface (also seen in Figure 4.1e). The white paper acts like
a projector screen and provides a smooth, clear display for the projections. He closely
inspects the paper and notices the individual pixels being projected. Andy begins counting
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each of the individual pixels until Evie places a piece of
paper high above, in front of the projector’s bulb.
Rhys: What happened?
Andy: It went to night time.
Evie’s experimentation has caused a shadow over the
whole sandbox. As a group, we discuss the impact on
the other children’s play when placing paper in front
of the projector’s bulb, which causes a change to
‘night time’. We come to a consensus that we should
allow the installation to be used by all and continue to
use the sandbox in ‘day time’. As a result, the group’s
attention shifts away from shadow play and they begin
to construct with the sand. At this point it appears that
most children have identified the coloured projections
change when the sand is displaced.
Exploratory Play Vignette 2: The Sleepy Brain
Rhys: Now, how do you make a tunnel?
Andy: You just make a mountain, then you dig through it
carefully.
Josie: We are making a work of art … this is art, isn’t it?
As Josie reflects on the tunnel she is collaboratively
building with Dale, Dale gets his camera to photograph
their construction (see Figure 4.2a).
Dale: Oh … It went night time again!
The projections turn off as the computer activates
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Figures 4.1a - e,
Rhys captures Josie and Evie using A4 paper to create different sized shadows onto
the sand. The photographs show the progression of their experimentation, as they
vary the distance of the paper to the light
source. The final photograph captures
both Josie and Evie demonstrating their
findings by juxtaposing two different sized
shadows of their hands (Source R1W_1 to
R1W_5).

a screen saver to prevent overheating. As I am positioned on the opposite side of the
sandbox to the computer, I ask Dale, who is closest, if he can wriggle the mouse to make
it ‘day time’ again. He first takes a photograph (see Figure 4.2b) and then re-activates the
projections. Moments later, a small group of visiting teachers on a professional tour of the
school enter the children’s classroom. A visiting teacher approaches the sandbox and asks
Dale how the AR Sandbox works. With a camera in his hand, he takes some photographs to
assist his explanation.

Figure 4.2a
Dale captures the tunnel he collaboratively constructed
with Josie (Source D1F_1).

Figure 4.2b
Dale captures the tunnel in Figure 4.2a after the projector turns to standby mode, which the children refer to as
‘night time’ (Source D1F_2).

Dale asks for his photographs to be presented on the rear display of his camera. Using the
photograph (see Figure 4.3a), he points to the computer tower on the ground, “There is a
brain over there. The brain gets sleepy sometimes and you have to gently go wake it up.”
He moves to the next photograph (see Figure 4.3b) and points to the projector’s bulb and
shares, “The colours come from here.”

Figure 4.3a,
Dale captures the computer tower, keyboard and mouse
to help his explanation with the visiting teachers (Source
D1F_3).

Figure 4.3b
Dale captures the projector and depth sensor to help his
explanation with the visiting teachers (Source D1F_4).
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Exploratory Play Vignette 3: Making it Green
Prior to the installation of the AR Sandbox in the classroom, the educators facilitated
multiple discussions where the children suggested preferred behaviours to ensure all
could enjoy the installation. As Dale finishes a discussion with the visiting teachers, the
other children continue to play and have introduced some kitchen utensils from the
designated role play area of the classroom (see Figure 4.4). Using the kitchen tools to
create constructions, sand is unintentionally flicked around and some get in another child’s
eye. The commotion alerts the nearby educator, Julia, who gathers the group around the
sandbox and asks them to revisit their rules of engagement.
Dale: We need to
keep the sand in,
don’t we?
Evie: Well, if we
keep losing the
sand, there will be
none left and there
will be no colours
left and it will be
no fun anymore.

Figure 4.4
Rhys captures the children using a range of utensils borrowed from the play kitchen area
(Source R3F_1).

The group’s
consensus is the that tools need to be used in a way to ensure no more sand gets out of
the AR Sandbox.
Josie invites the children around the sandbox to play a game, “Make the whole thing
blue.” The group agree to the challenge and, facilitated by Josie, begin by levelling the
sand surface. They use the coloured projections to identify mounds and flatten them by
displacing the sand into the lower depths. Once level, however, the height appears to be
where the blue and green coloured projections intersect, despite being what they have
agreed to be a level surface (see Figure 4.5a). Evie suggests a new idea to the group, to
instead “go for green”. Led by Evie, they children add more sand in, moving sand from
outside of the sandbox located in the side compartment (see Figure 4.5b). Andy is cleaning
up the sand on the floor with a dust pan and broom when I compliment him on his
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cleaning. He replies “I’m trying to
put more sand back in the box.
The more sand that is in the box,
the easier to make it at all green!”
Figure 4.5a
Rhys captures sand surface majority blue in
colour as the children try to control the projections to only display one colour (Source
R3F_2).

Figure 4.5b
Rhys captures the children adding sand and
flattening the surface to try and control
the projections to the revised goal of green
(Source R3F_3).

Exploratory Play Vignette 4: Colours Out of Control
During the second week, Dale is building a tunnel when he identifies that the sandbox is
not behaving as intended. He takes a photograph and shares his curiosity (see Figure 4.6).
Dale: I think if it is too close, the brain, it’ll
just turn it to blue and go trick.
Rhys: Go trick?
Dale: It means they trick you and it just
stays blue because the brain forgets that
blue is meant to be at the bottom.
To fix the incorrect positioning of the
projections, the sandbox needs to be

Figure 4.6
Dale captures blue projections in the incorrect position on
top of his tunnel (Source D2W_1).
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recalibrated after school hours, a process that aligns the visual projections with the
sand. Without the synchronicity between these two components, the sandbox appears
to the user more like a sandbox with coloured projections rather than an augmented
reality. This calibration process is crucial for the user’s immersion in the AR experience,
so colours and contour lines are positioned accurately. With sustained use, components
of the AR Sandbox get bumped and slightly change position, creating the need for it to be
recalibrated. Following the conversation, the sandbox is recalibrated after school.
Three weeks later, Josie notices the same issue and comes to share it with me.
Josie: Yeah, that blue is up there, I mean some is and some is not.
Dale: Why is there blue here, Rhys?
Rhys: I am interested to know your thoughts.
Dale: Well, we have talked about this before, I think the brain and eyes [of the sandbox]
get confused.
Rhys: What do you mean by the eyes?
Dale: The camera up there
Evie overhears the conversation
and curiously asks, “Why is this
sand on this edge not colourful?”
Dale confidently responds and
shares that the “light from the
projector is not in that space … you
have to move the sand into the
area.” Josie captures a photograph
of the projections with her camera
(see Figure 4.7).
Figure 4.7
Josie captures the strip of sand on the edge of the sandbox where Evie questioned why the sand is not colourful. Dale
answers that the “light from the projector is not in that space” (Source J7F_1).
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Despite being confident in his answer at the time, in a session three weeks later, Dale
challenges his own constructions of the projection’s space. He raises a similar question
within a different context. This time, it is the final week of the installation and the children
have been connecting PVC pipes together and some are protruding outside of the box.
Evie captures a photograph of her pipe constructions (see Figure 4.8)
Dale: I have something interesting to ask you, Rhys. Why are the pipes not coloured?
Rhys: This is a really interesting question. We should ask everyone here.
A nearby friend, Tim,
offers his help: “Well,
if it is under here, you
see there is colour.” Tim
gestures using his arms
up and down below the
light of the projector
to further explain his
understandings. His arms
are together to indicate
the light source is the apex
and, as his hands move
downwards towards the
sandbox, they separate
Figure 4.8
Evie captures the pipes protruding out of the sand. The higher lateral portions of like running down the face
the pipes show where the projections of colour finish (Source E8F_1).
of a pyramid. Tim indicates
the projection begins
above and the direction of the light is downwards, starting narrow and becoming wide at
the base. Tim explains that for you to see the projections on anything “it needs to be in
officially.” Dale seems satisfied with his explanation, but uses his hand to test the theory.
Without giving a verbal response, he moves his hand horizontally along the protruding
pipe until he finds the point of the projection’s perimeter. His hand stops and begins to
move vertically, this time following the perimeter of the projections. He makes slight
horizontal adjustments inwards as he gets closer to the light source, as if feeling for the
projection’s ‘official space’.
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Exploratory Play Interpretations: Light and its Space
Introduction
The Exploratory Play Interpretations showcases the children’s play as they engaged with
one another to explore the AR Sandbox’s functionality. The four vignettes focused on the
exploration of the projector’s light, its shape, direction, visibility and its representations of
space. The phenomena of how the projector’s light inhabits space invisibly as it travels to
the sand surface sustained the children’s curiosity. Their developing spatial understandings
were exhibited during their investigation of the AR Sandbox’s components, performance
and reliability.
The way children explore materials within their learning environment impacts the learning
of others. Evidenced throughout the Exploratory Play vignettes, and as a practice of the
school, children are encouraged to openly discuss the impact of other’s actions to nurture
respectful and resilient relationships between one another. These discussions are ideally
facilitated by adults who model a democratic discourse that supports children to construct
deeper understandings collaboratively. These discussions encouraged a democratic
context that values all children’s uniqueness and supported their explorative investigations
of the AR Sandbox. The four Exploratory Play vignettes are interpreted in relation to the
children’s demonstration of spatial thinking as they explore the AR Sandbox’s functions.
Interpretations of Exploratory Play Vignette 1: Making Shadows
In Making Shadows, Evie and Josie used paper to investigate the properties of the
projector’s light. During play, Evie created ‘night time’ by blocking the light source with
a piece of paper and creating a shadow over the whole sandbox. This was among the
children’s first interaction with the AR Sandbox as they were curious to explore qualities of
light from the projector. It offered them opportunities to play with the shape that the light
travels through: the three-dimensional space from the projector’s globe to the sandbox
surface.
Josie and Evie investigated the light, using the paper to intersect a horizontal plane within
the projection’s three-dimensional shape. Josie described how the size of the shadow
was dependent on the distance between the projector’s light source and the paper. Evie
enabled a group discovery: the single sheet of paper had the capacity to block out the
whole projection, casting a shadow over the whole sandbox that Andy termed ‘night
time’. It was the act of creating and transforming shadows by manipulating the paper’s
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orientation and position in relation to the light that appeared to have captured their
curiosity. They observed the light illuminating an object, but not the pathway it travelled.
Their ‘night time’ discovery was made possible by Evie’s physical height and reach. The
children employed paper as the tool to assist their investigation, advantageous for its
light, flat and white properties. Their physical explorations of the AR Sandbox initiated a
collaborative investigation into the projector’s light and its space.
Interpretations of Exploratory Vignette 2: The Sleepy Brain
In the Sleepy Brain, Dale connected the technological components of the projector,
computer, depth sensor and sandbox as a system. Dale used metaphoric language that
compared the AR Sandbox system to components of the human body. Additionally, he
used photographs to express his understandings. Figure 4.3a shows what Dale described
as the ‘brain’, assumed as an entity that interprets what the AR Sandbox senses. This was
the first time the computer had been referred to as the brain by any child or adult in the
classroom. He identified that the brain goes to sleep and needs to be awake to fulfil its
role. Dale’s second photograph (Figure 4.3b) is an expression of “where the colours come
from”, as the light source that illuminates the colourful sand surface. He made sense of
the AR Sandbox’s components by expressing a relationship between their functions with
comparisons of the human body.
Later in Vignette 4 (Colours Out of Control), Dale identified an inaccurate functioning
of the AR Sandbox and revealed some of his understandings of the system’s spatial
visualisations. These inaccuracies occur when the AR Sandbox system requires a
calibration to correctly align the depth sensor, virtual computation and the projections.
Dale explained that the “brain and the eyes get confused” and adds that the ‘eyes’ are
“the camera up there”. To Dale, the ‘eyes’ sense the depth of the sand surface below
and shares the depth information with the ‘brain’. Further, as the ‘brain’ interprets the
information, it informs what colours will represent the space. Dale indicated the error in
the AR Sandbox’s performance was a miscommunication between computer and camera.
This was responsible for misinforming the user’s coloured AR visualisations of spatial
information. The metaphor of the AR Sandbox as a human body articulates similarities of
how humans understand space, in that spatial sensors send information to be processed
and represented in the brain.
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Interpretations of Exploratory Play Vignette 3: Making it Green
Making it Green reveals how the children used and experienced the AR Sandbox in
multiple ways, simultaneously, to explore the functioning of the AR visualisation in a goal
driven game. This game contributed to their developing spatial understandings of volume.
Exploratory Vignette 3 began with another child-led decision to find tools within the
classroom environment and use them in the AR Sandbox. The children’s decision to use
kitchen utensils as digging and construction tools impacted another child’s experience
when sand was flicked into his eye. This initiated an educator facilitated discussion that
reflected on the children’s engagement with the sandbox. The discussion revealed an
insight of the children’s current understandings of spatial volume and inspired play in the
same spatial conceptual area.
Evie and Dale’s contribution to the discussion theorised that in the absence of sand, the
box would no longer be ‘colourful’ or ‘fun’. Further insights were revealed when Josie
created a game and invited the other children to play. The game encouraged others to
use the AR Sandbox’s coloured height visualisations to create a horizontally level sand
surface within the ‘blue’ range. The children set a goal of a level sand height that would be
calculated by the colour visualisation’s measuring scale.
When the sand surface is horizontally level, the sand height is averaged and the coloured
visualisations reveal the sandbox’s interior sand volume. The colour displayed of a
horizontally level sand surface within the AR Sandbox is determined by the installer and
remains governed by the system’s virtual computation. Within the AR Sandbox application,
a virtual, spatial, three-dimensional map of the sandbox is created and the installer can
scale and determine the positions of the colour’s displayed. This particular AR Sandbox
was set to project green over a horizontally level sand surface at the original volume of
sand. This decision was determined by the relatively low elevation point of the school’s
geographical location. Interactions with the sandbox had led to sand being displaced
outside of the box. Thus, the sand level had decreased from the original settings.
During the first attempt at Josie’s game, the children assumed that a horizontally level flat
sand surface would generate the AR Sandbox’s visualisations to produce one single colour.
They were observed looking unsatisfied with their first attempt at the game of ‘making
the whole thing blue’. Despite their attempts at moving sand from elevated areas to
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lower areas, the visualisations continued to project both blue and green colours. Perhaps
without the group’s earlier discussion on maintaining the sand inside the box, the group
may have chosen to take the sand out of the box to achieve the original goal. Rather, Evie’s
suggestion changed the group’s collective goal to aim for green projections. A successful
attempt at the revised goal required the AR Sandbox to detect an increased volume of
sand levelled within the green’s height range. Evie’s goal was based upon the group’s
inability to make ‘the whole thing blue’. The children then placed sand from outside of the
box within, taking sand from the floor and a slim side compartment of the sandbox. This
increased the sand volume, influencing the AR’s coloured projections within the sandbox.
It successfully resulted in the AR Sandbox’s visualisation to display all green. The problem
solving demonstrated the children’s engagement with the visualisations to explore a
spatial concept of volume. The children moved between the physical volume of sand in the
box and the virtual visualisations projected on the sand’s surface.
Interpretations of Exploratory Play Vignette 4: Colours Out of Control
In the first interactions with the sandbox, described in Exploratory Play Vignette 1, Evie
was interested in blocking the light source, the apex of the rectangular prism shape the
projections travel through. It was during this initial play that she identified the light’s
direction and began investigating the projection’s space by casting shadows underneath. In
Exploratory Play Vignette 4, her attention shifted to the sand’s surface illuminated by the
projections, as she noticed a strip of sand in the sandbox with ‘no colours’ (seen in Figure
4.7). She brought this to the group’s attention after Dale had identified an inaccuracy of
the AR Sandbox calibration. Evie’s question on the area with no colours encouraged the
children to revisit their earlier understandings on the space of the projection’s light. Dale
made a distinction between the AR Sandbox’s calibration inaccuracies and the projection’s
‘space’. He expressed that the ‘non-colourful’ sand was caused by the shape and position
of the projector’s light, as “the light from the projector is not in that space.” His distinction
between the non-colourful sand and the incorrect visualisation exhibits a spatial
understanding of the projector’s light and the AR system’s intended height visualisation. To
identify the incorrect calibration of the AR system, Dale recognised a discrepancy between
the AR visualisations and his own spatial constructs.
The following week, Dale’s understandings of the space in which the projector’s light
travels through was challenged in a new scenario. He asked why the PVC pipe, vertically
protruding above the sandbox, was ‘not coloured’ (see Figure 4.8). Tim gestured his
suggestion as to why some surfaces had projections on them and others did not. Tim
demonstrated with his hand movements to Dale that the closer the object is to the light
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source, the smaller the space the ‘colours’ inhabit. His directional gestures indicated
that the edges were not parallel with one another but spread wider when further from
the light source. Dale’s identification of the protruding PVC pipe was a noteworthy piece
of evidence to his investigation of the space the ‘colours’ inhabit. It presented a threedimensional co-ordinate outside of the projector light’s inhabited space, but directly above
sand illuminated by the projector. Tim used the words it was not “officially in,” while Dale
had earlier explained the “light from the projector is not in that space.” Both Dale and
Tim’s verbal explanation referred to the ‘space’ that the projections travel through. Since
Exploratory Play Vignette 1, the children’s investigations consistently challenged the AR
Sandbox functions of the projection’s space and the space the visualisations represented
below.
Summary
The interpretations of the four Exploratory Play vignettes presented a classroom context
where, mediated by adults, children had developed their own rules of engagement to
facilitate their play with the AR Sandbox. The children’s exploration of the AR Sandbox’s
functionality is embedded in their democratic context. Their ongoing testing and theorising
indicated their developing spatial understandings.
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Games Vignettes: Hiding and Finding
Introduction
The AR Sandbox offers an open ended environment for children to construct their own
learning without a predetermined goal. The play in the following Games Vignettes tells
of a game designed by Josie and Dale, scaffolded by social interaction with Rhys. The
game offers a structure to their collaborative play, one guided by rules and driven by
goals. Through the creation of their own game, the children are constantly negotiating
a consensus on the rules that give meaning to their play.
During the third week, Josie and Dale began creating a game with one another.
Rhys: I noticed you playing a game with Dale. Dale had his eyes shut and you looked
like you were hiding leaves?
Josie: I was hiding it and he had to find it … He found it, but I helped him find it.
Rhys: How would he know where to look?
Josie: He wouldn’t, he would just dig to find it … or he could look for a lump.
In Week 4, a provocation was set up to introduce new materials to the sandbox: blocks
and a rope light (see Figures 4.9a and b). Dale
and Josie had indicated their familiarity with
the materials, commenting that they had a
block corner in their class this year and the
previous year. On this morning, their block
corner (wooden rectangular blocks, cylinders

Figure 4.9a and b
Rhys captures the presentation of the wooden
blocks next to the sandbox. They were
designed to represent buildings and pathways
to encourage play (Source R4W_1 + 2).

and knobs) had been rearranged
and positioned next to the
sandbox. They were presented like
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small buildings with rope lights illuminating the block constructions like streetlights.
Positioning the blocks next to the sandbox allowed the materials to be used as an
extension of the sandbox.
These two Games vignettes follow Dale and Josie as they use the blocks to develop
their game called ‘Sandblocks’. Through this participation in, and negotiation of, their
game they reveal their developing spatial understandings.
Games Vignette 1: Sandblocks
During the morning ‘drop off’ time, the children and their parents freely roam the
provocations available inside the classroom prior to their morning meeting. As Dale
enters with his mother and sister, he walks directly towards the AR Sandbox and
observes the changes to the area.
Dale: When I was in the 4-year-old class I used to make big, big designs.
Rhys: Do you still make big designs?
Dale: Yeah, I can show you.
Dale approaches the side of the sandbox, sits down and begins constructing, using the
blocks around him. All the children who have played with the AR Sandbox this morning
had or were interacting with the blocks, constructing and deconstructing structures.
Dale found an abandoned structure created by one of his peers who had arrived at
school earlier and takes photographs of it (see Figure 4.10a and b).

Figure 4.10a
Dale captures the outside of an abandoned structure
he has taken interest in to show how it appears
(Source D4W_1).

Figure 4.10b
Dale captures the inside of an abandoned structure
he has taken interest in to show how it appears
(Source D4W_2).
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Dale: I took a photo of the bottom and the top because I wanted to see both.
The class is brought together for their morning meeting and to share fruit. Dale and
Josie came over to the AR Sandbox, as they notice there are fewer children playing in
the area. I initiate a conversation between the three of us.
Rhys: I wonder what we could play?
Josie: Let’s play a game.
Dale: There’s just three of us and we have sand, blocks and water.
Josie: We could play Sandblocks?
Rhys: You’ll have to teach me how to play, because I
haven’t ever played it before.
Josie: Me too, I am making it up.
Josie gets Dale to leave and go sit on a stool three metres
away while facing away from the AR Sandbox. Josie
remains in the same position of the sandbox since the
morning meeting and buries a wooden knob near her in
the sand (see Figure 4.11a).
She then notifies Dale to come back and asks him to look
for the buried object. He approaches, standing next to the
sandbox and indicates he is thinking, noticing the surface
of the sand (see Figure 4.11b). The roles of people in the
game include a ‘hider’ (Josie) who hides the wooden
objects and a ‘finder’ (Dale) who seeks out the objects.
Before digging up the sand, Dale provides a clue to where
his search begins: “That is interesting. I didn’t see that
mountain there before.” He kneels down adjacent to Josie
and leans forward to submerge his hands into the sand,
feeling for the buried block underneath (see Figure 4.11c).
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Figures 4.11a, b, c
Rhys captures a sequence of
Dale and Josie beginning their
first round of hiding and finding.
4.11a shows Josie displaying the
hidden object prior to it being
hidden. 4.11b shows Dale back at
the sandbox with his hand on his
hip demonstrating his is thinking.
4.11c shows Dale looking for
the hidden wooden block in the
sandbox (Source R4W_3 - 5).

Dale searches until he finds the block (see Figure 4.11d)
Josie rushes over to the stool for her turn at as finder (see
Figure 4.11e), before Dale shakes off the sand and proudly
reveals it. Josie and I both express our excitement for
Dale’s find.
Josie states, “Now it is your turn.” Dale swaps roles, hiding
two blocks as she moves over to the stool. He has made
an adjustment in their game as he chooses to hide a
second wooden rectangular block. Dale decides to hide
one in the same corner where Josie was positioned earlier
and the other on the opposite side of the sandbox. This
one is hidden inside a child’s abandoned construction that
had caught his interest earlier (seen in the background of
Figure 4.11b).

Figure 4.11d and e
4.11d shows Dale discovering the
hidden object as he uses his hands
to dig for it. 4.11e shows Josie
leaving so that Dale can hide the
blocks from her in the next round
of the game (Source R4W_6 and 7).

Josie returns from the stool and imitates Dale who was
looking over the sand surface for any clues. She returns to the same corner position
where a mound is illuminated red from the AR projections. She begins her search in
the closest mound, digging up sand until she finds her first blocks. Now looking for
her second hidden block, Josie continues to search from where she is positioned. Dale
walks around the sandbox and stands behind the second hidden block. When Josie
looks to him, Dale obliges with some hints, “Look left and right and up there and you’ll
find the other,” while pointing.

With her toes firmly planted on the ground, she follows Dale’s direction until she is in
full stretch over the sandbox. Her search continues until she begins moving her fingers
underneath the structure. Josie finds the other block within the shelter and appears
very proud of her second find. Josie explains, “I didn’t even look, I just put my hands in
there, and I found it!”
Games Vignette 2: Sandblocks Level Two
The two children invite me into the game’s next rotation, asking me to hide two blocks
from them. I place my camera down, choose to deliberately deconstruct the current
sand topography, creating three obvious mounds and maintaining the earlier structures
in place. The three mounds are illuminated red: two have hidden blocks inside while
the mound closest to Josie’s corner is just sand. The two children appeared to have
become more competitive as when they return to the sandbox neither stop to observe
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the sandbox as they had done previously. Josie revisits the same spot as before. Both
kneel down quickly and begin using their hands to move through the mounds that are
illuminated red.
Dale: I found one!
Josie looks confused; she had completely deconstructed a red mound without any
success of finding a block.
Josie: Why did you build a mountain with no blocks? Did you try and trick us?
Rhys: I wanted to make it harder for you because I thought that you might look under
the big mountains first.
Josie moves to the middle red mound and her confusion disappears as she successfully
finds the remaining block. They both appear to be gratified, enjoying a giggle as the
difficulty of the game increases.
For the next round of the game they ask me to leave and face away as they both hide
a block from me. When I return to begin my search, I repeat the finder’s thinking
patterns observed earlier and stand at the edge to look at the sand surface. It appears
they have deliberately levelled out the sand mounds as none of the AR projections
represent higher than yellow. I choose to employ the same approach observed earlier
and begin the search underneath the elevated areas of the sand. Dale and Josie
start laughing as soon as my search begins. As I find no hidden objects I make an
exaggerated expression of confusion with physical gestures, scratching my head as a
concession of the strategy’s defeat. They laugh more with my gestures until I begin
to employ a new strategy. Now I systematically search the sand up and down a hand
width apart as if ploughing a field on a farm. Eventually I find both blocks, though I’m
surprised that neither of them were in Josie’s corner, under the elevated sand areas or
in the abandoned structures. They have executed a counter-strategy that has further
increased the difficulty of the game.
Dale: I dug real deep to hide it and then covered it up to earth level.
Rhys: I have never heard of ‘earth level’ being used here before.
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Dale: I covered it to earth level and put extra sand on a(nother) mountain to trick you.
Using his index finger during his explanation of ‘earth level’, Dale points to the contour
line where the blue and green colours from the AR projections intersect. The game
continues and other children move in and out, constructing in the sandbox and joining
in the game. I don’t observe Dale take another photograph for the rest of the session,
but later find one on his camera of the intersection where he had pointed earlier (see
Figure 4.12).
At this point there are more blocks
in the sandbox so Dale develops
further rules, to award successfully
found blocks to the finders as a
prize. The finders begin keeping
the wooden objects as trophies, a
measurement of their success in the
game. The doorknob and cylindrical
shape blocks are most popular, but
are now in limited supply.
Dale: If you didn’t win a trophy,
come to Trophy Park. I don’t need
them anymore, I’m selling them.
Do you want one? I have big ones,
small ones and medium size ones
(seen in Figure 4.13).

Figures 4.12
Dale captures a photograph of where the green and blue
colours intersect. A later time provided an opportunity for the
researcher and Dale to reflect on his photograph. He remembers
taking the photograph, identifies that it shows earth level, but
couldn’t remember why he took it (Source D4W_3).

Figure 4.13
Rhys captures Dale’s collection of trophies at Trophy Park. These
are the rewards he keeps from finding hidden objects in Sandblocks
(Source R4W_8).
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Games Interpretations: Hiding and Finding

Introduction
The Games Interpretations showcase the children’s spatial thinking as they create
their own game in the AR Sandbox with quantitatively measured outcomes. In Josie
and Dale’s game, they created a controlled environment to experiment and learn
within. They first established objectives of the game with two roles: hide a block in
the AR Sandbox and then find the hidden block. The game increased in difficulty as
it progressed and Josie and Dale negotiated the game’s rules. Once they understood
the rules of the game, their play became spontaneous. They developed strategies that
were both practised and built on. Josie and Dale invited an adult to co-play in their
game, which led to an increase in the level of difficulty to their game.
Josie and Dale experimented with strategies based on their spatial understandings of
the AR Sandbox and the wooden blocks. They hid objects in the sand and, employing
spatial references and the AR’s visualisations, found them. The following Games
Interpretation analyses the children’s progression of strategies and problem solving in
their Sandblock game.
Interpretations of Games Vignette 1: Sandblocks
The Games vignette introduction described a game where both Dale and Josie hid a
leaf in the sand. The leaf was a much flatter, organic shape in comparison to the blocks
used later. Despite the hidden object’s smaller size, the earlier version of their game
was less difficult for the finder, as the hider assisted the finder by physically showing
the location. As the game developed, so did the strategies for the roles of the hider and
finder.
As Dale entered the classroom and noticed an abandoned structure in the sandbox, he
used a camera and took photographs that highlighted the structure’s spatial properties.
The structure had an ‘inside,’ a space below that shelters from the projections.
Dale’s photographs provided his visual perspective and interest in the ‘inside’ space.
His two photographs exhibited the observable topology of the structure and the
space that existed within. Dale informed that he “took a photo of the bottom and
the top” and demonstrated that the camera could access both spaces. To highlight
his curiosity of the fixed abandoned structure, Dale provided two captured camera
perspectives, rotating and transposing the camera’s position to re-orientate the
viewpoint. His photographs (Figures 4.10a and b) demonstrated Dale’s interest in the
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spatial properties that are both represented and not represented by the AR Sandbox’s
projections.
Dale’s positioning of a hidden object challenged Josie to move outside her comfortable
egocentric spatial references. At the beginning of the game, Josie continually
positioned herself in the same position, at one corner of the sandbox. This can be
seen in Figures 4.11a-e, as Josie sat directly adjacent to her hidden block. This strategy
allowed her to remain orientated to the abandoned structures and sandbox landmarks,
as she navigated from what Newcombe, Huttenlocher and Learmonth (1999) refer to as
a consistent starting point. The rectangular shape of the sandbox itself provided corner
references for Josie’s spatial perspective, compared to a circular shape. When Dale hid
a block out of reach from her position, he increased the difficulty by challenging Josie
to physically reposition herself. After Dale challenged Josie, she continued to reposition
herself outside of this corner, increasing the difficulty to locate her hidden blocks.
While Josie had difficulty finding the second hidden object, Dale employed navigational
language to communicate a hint. Dale suggested, “Look left and right and up there
and you’ll find the other.” This statement highlighted that he recognised the terms
‘left’ and ‘right’ are and how they are used to direct a user along a horizontal axis.
Through the observation of where Dale was positioned, he revealed significant insight
into his spatial ability to navigate Josie. He used the term ‘up’ to assist Josie forwards,
while being located on the opposite side of the sandbox to her. Dale orientated his
verbal direction’s for his user, mentally rotating his perspective and navigating from
the mentally visualised perspective. This indicated Dale’s awareness of egocentric
reference cues when using language to navigate others.
In both rounds of Sandblocks, Dale and Josie are observed exaggerating their
behaviours, standing in poses, with their hand on their hip (see Figure 4.11b) as if to
indicate they were forming strategic plans. This likely imitates behaviour seen outside
of their game or classroom, a non-verbal simulation that revealed their imagination
and roles of their play. This behaviour demonstrated their consideration of clues
when searching for hidden objects. The children visually examined the sand’s surface
where the coloured AR projections symbolised depth information to assist their
identification of elevated areas. The children were observed digging in the highest
elevated areas first when in the finding role of the game. Later, in Games Vignette 2,
Josie verbally revealed her strategy when she said, “Why did you build a mountain with
no blocks? Did you try and trick us?” This suggests they used the augmented layer of
information provided by the AR projections to refine their search to ‘red’ (elevated)
areas, mentally visualising the block positioned underneath. The children assumed a
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relationship between the red elevated sand area and the location of the hidden object.
This assumption was challenged later in Games Vignette 2, as both began to hide the
objects lower in the sand to disguise their location.
Interpretations of Games Vignette 2: Sandblocks Level Two
In Games Vignette 2, Dale and Josie invited the researcher to hide the objects. When
they returned, neither used time to stand and visually scan the sand surfaces. Instead,
they competitively began searching in the elevated sand, again demonstrating their
assumption of the relationship between sand elevation and likelihood of finding a
hidden object. As Josie could not find a hidden block within the elevated sand area,
her assumption was challenged. The decision by the researcher was not as Josie said to
“trick” them, but rather, to increase the difficulty of the game as it was assumed that
they would “look under the big mountains first.” In this action I perceived the role of
the adult to incrementally complicate their play by implementing a new strategy that
would challenge their current game play.
In the following round, Josie and Dale demonstrated a counter-strategy that recognised
and extended the adult’s previous challenge in the game. They hid the blocks together
and deconstructed the sand’s composition to reduce the elevated areas represented
by the AR Sandbox. The sand surface no longer had any area illuminated ‘red’, unlike
all previous rounds. As the finder, I could not attempt the previous strategy observed
earlier, to search in the red mounds. Rather, I had to modify the strategy to search
in the highest elevated areas represented by the AR projections. Initially, I searched
the areas illuminated yellow, the scaled highest elevated areas of the round. Despite
the highest elevated areas being lower than previous rounds, these yellow mounds
appeared to have been deliberately constructed. It appeared that Dale and Josie had
employed the same strategy as the adult previously, intentionally to create elevated
sand mounds to distract the finder. The intentional nature of these elevation areas
was indicated when the two started laughing as I dug in the mounds. Their laughter
appeared to express their strategy had been successful as no objects were found in
these elevated areas. Impressed by their counter-strategy, I exaggerated a gesture of
confusion to validate their counter strategy. Not only did they employ the strategy of
creating sand mounds with no hidden blocks, but they further displaced the sand and
hid objects in lower elevated areas of the sandbox.
Dale and Josie increased the difficulty of the game by positioning the objects to be
hidden at their lowest possible height. The orientation of the wooden knob, when
hidden by Josie in round one, was positioned to limit the maximum height of the
object. In round two, Dale included a second object, the first rectangular prism,
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another block that had the capacity to be orientated in multiple ways. Dale and Josie
dug holes to the bottom of the sandbox then orientated and positioned them to
the lowest possible maximum height. This allowed the blocks to be covered in sand,
at low depth, below the AR Sandboxes elevated height green range. After they had
experimented with the physical position of the blocks and they were hidden, the
children could only mentally visualise their position in the sand. This allowed them to
investigate their mental visualisations of their size, orientation, and transposition of the
three-dimensional blocks. The children continued to use the strategy of positioning the
blocks low in the sand to increase the difficulty of the game. They problem solved how
to hide objects in the AR Sandbox to not reveal a high elevated colour projection that
could assist the person seeking.
When asked about their counter strategy, Dale referred to an elevation height
represented by the AR projections as ‘earth level’. It is theorised that sandboxes,
without the AR projections, can introduce children to the spatial qualities of geography
over time (Egenhofer & Mark, 1995). With the AR projection layer, these colours
are experienced by Dale as scales of geography, representations of earth. Dale uses
‘earth level’ to describe the intersection between the ‘blue’ and ‘green’ land. His
geographical understanding of where ocean and land meet is scaled to the sandbox
context, a relative sea level. His imagination allowed him the capacity to manipulate
the spatial properties of geography. This highlights the interrelated nature of games
and representation: to Dale the AR Sandbox was simultaneously a tool for games and a
representation of the world.
Summary
As Dale and Josie played Sandblocks, they developed their capacity to solve spatial
problems. During their play, the children mentally visualised hidden objects and
orientated their perspective around the sandbox. In both roles of hiding and finding,
they used mental visualisations in their spatial reasoning to gradually increase the
difficulty of the game. They also used the AR projections and landmarks as references
to locate the objects.
The children’s use of the AR Sandbox to create games was described within the Games
Vignettes. They guided their play with rules, to give purposeful experiences and make
their actions more consequential. The children demonstrated their developing spatial
thinking through strategising and problem solving.
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Representational Play Vignettes: A Real Geography
Introduction
As previously noted, the AR Sandbox was created as a visualisation application to teach
Earth Science concepts through tactile experiences. The design of the AR Sandbox is
intended to represent geographies using visualisations represented in topographic
maps and height colour elevation (Kreylos, 2017). Previous vignettes have shown
the children intuitively understood the relationship between the AR Sandbox and
its representations of Earth. As Josie and Dale add in natural materials from their
environment, they create further representations of their own.
The children’s classroom neighbours Lake Packard at a public reserve and is a regular
destination for class visits. The 70 hectares of open shallow water is home to a large
turtle and swan population and holds significance to the Indigenous people in the area.
The class’ proximity and familiarity with the nearby lake inspired further play inside
the AR Sandbox. This influenced the decision to place an aerial image of Lake Packard
and surrounds next to the AR Sandbox and attend visits to Lake Packard with the class
during observation sessions.
The following five Representation Vignettes occurred during Weeks 2 to 8. They
describe Dale and Josie as they represent the real world around them within the AR
Sandbox. These vignettes demonstrate the socio-cultural influence that photographs,
maps and models have on their scaled representations of space. Also included in their
discussions and representational play are their friends Andy and Lucy, along with the
classroom educator, Ju.
Representational Play Vignette 1: Constructing Lake Packard
Dale: Hey guys, let’s make it Lake Packard in here (the AR Sandbox).
Rhys: How are we going to make Lake Packard in here?
Dale: Well, it goes straight and then it curves, then it goes straight, then it goes curved
there, and then it’s straight and curves back around.
Dale brings over a selection of blocks to the sandbox from the class’s block corner, but
is challenged because he doesn’t “have enough curved pieces.” He uses the wooden
blocks to create a perimeter to his design, a closed border with both straight and
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curved blocks like his earlier verbal
description. He takes a photograph
(Figure 4.14a) of his construction
and explains, “This is Lake Packard.”
The wooden scaffolding creates an
enclosed area and Dale digs out the
interior so that the colour blue is
projected within (see Figure 4.14a and
b).
Figure 4.14a
Dale captures his model Lake Packard during his
construction process (Source D2W_1).

Dale’s interest in constructing his
school’s neighbouring lake encourages
me to place an aerial image close to the
sandbox for the following session. The
aerial image captures Lake Packard and
Figure 4.14b
its surroundings, including the school
Rhys captures Dale using a frame to construct his model of
Lake Packard. He drags sand from the inside of the lake to the (see Figure 4.15).
outside (Source R2W_1).

Dale: Who put this map here?
Rhys: I put it there. Do you recognise this place?
Josie: This is the school up here.
Dale: This is Lake Packard.
Rhys: How did you know this was
Lake Packard?
Dale: Because we went all around
the lake and I remember how it
looks.

Figure 4.15
Rhys captures the placement of an aerial image of Lake Packard
next to the sandbox. The aerial image is positioned so the
children’s standing line of sight is close to the position of the
school’s campus (Source R2W_2).

Andy: There is the jetty.
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Dale: There is turtles in there where I saw a silver sword too.
Dale points to the Jetty where the children had most recently visited to go bird
watching (Figure 4.16). Andy steps back from the poster and asks Dale a question to
better understand the purpose of the photograph.
Andy: What is
the photo of?
Rhys: I noticed
some people
are calling it a
map and some
are calling it a

Figure 4.16
Rhys captures Dale and Andy pointing at and identifying places they recognise on the aerial
image of Lake Packard (Source R2W_3).

photo. What is
the difference between a map and a photo?

Dale: A map is a piece of paper with trails everywhere and a photo is what a camera
takes.
Josie: A map is something that pirates use to find treasure. They use it, they look at
their map and where they stop is where ‘x’ marks the spot and where ‘x’ marks the
spot is the treasure.
Representational Play Vignette 2: The Green Hill
In the following week’s morning meeting, the class teacher, Ju, tells the children they
have planned a visit to the
lake. Along their walk, they
like to visit a hill that they
enjoy running up and down
together. The group climbs to
the top of the hill and run down,
competing to reach the bottom
first (see Figure 4.17). Once
they are finished and gathered
together, the teacher asks them
Figure 4.17
some questions that relate the
Rhys captures the class running down the hill at Lake Packard
hill to the AR Sandbox.
(Source R2W_4).
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Ju: If the hill was in the sandbox, what colour do you think it would be?
The excited class offers a range of suggestions all at once. All the colours of the
sandbox are mentioned except blue. Dale is asked to share his opinion with the class
to which he lists, “Green, yellow, white and red.” As the class walks back to school I
walk alongside Dale and have an opportunity to reflect with him why he chose those
colours.
Dale: I have had a think and the hill would be green because the hill was actually green.
Rhys: So it depends on the actual colour of the hill?
Dale: Hills are smaller than mountains and mountains are bigger than hills. Green is
land and it has to be above the water. It’s like a bathtub, the water goes to the bottom
and stays there.
On the way back, Josie and Dale find some sticks and leaves that have fallen from the
area they call the ‘forest’, an entrance area of Lake Packard lined with pine trees. Josie
picks some up to carry back and expresses that she “can’t wait to put these in the
sandbox.” Once they arrive back, she uses the found materials to create areas of the
lake they had just visited. They use pine leaves to create the forest and tree leaves for
the shade huts. Dale photographs the natural materials Josie brought back from the
lake (see Figure 4.18).
Dale: Look at this
forest, I just wanted
to make it. I thought it
would be awesome to
make the forest.

Figure 4.18
Dale captures Josie using natural materials to represent areas of the lake that
they were collected (Source D3W_1).
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Representational Play Vignette 3: Finding the Hill
When they arrive back at school, Josie is standing in front of the aerial image placed on
the wall. She is navigating around it using her index finger, following the pathways of
the lake and roads in the residential areas.
Josie: I know where I live but it is not on that map. I have the house with three houses
that are silver roofs. In the map I see silver houses but not three in a row, not like my
house.
Rhys: Can you show me where we went today on the map?
The orientation of the aerial image is not positioned in alignment with Lake Packard.
Nevertheless, Josie uses her finger to follow the footpath out of the school gate and
to the direction of the hill (see Figure 4.19). As she follows the footpath on the aerial
image, she goes past the hill the class had visited, but quickly corrects herself.
Josie: Oh, we didn’t go all that way.
Rhys: It is difficult to see the hill we were at
today.
Josie: We can’t see it because it is flat. We
would be able to see it if it were red.
Four weeks later, Dale and Josie are looking
at the aerial image of Lake Packard discussing
where their houses are.
Rhys: What are you looking at?
Josie: I’m following the pathway to Mum’s work.
Dale: I don’t live on this map. I am over this way.
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Figure 4.19
Rhys captures Josie using her finger to show
the position the class walked for their lake visit
earlier that day (Source R3W_1).

Josie: I can’t even find my house. I need a map that has only my house on it. Then it
would be easier without all these houses.
Rhys: What would be on your map if you made it of your house?
Josie: I would put roads, trees and houses.
Rhys: All of the houses?
Josie: Just the ones with my family.
Representational Play Vignette 4: Pumpkin Perspectives
In the morning meeting of the following week, the classroom educator Ju is exhibiting
a pumpkin that had been grown in the school’s garden. Using a camera, she is
demonstrating an activity she will be offering throughout the day. Ju changes the
perspective of the camera, taking photographs of the pumpkin from different angles
and distances. As she holds her pretend camera in front of the class, she asks for
suggestions of positions to take the photographs from. As the children provide verbal
suggestions like up, down, top, bottom, around, back and other side, she moves her
pretend camera accordingly. Once they have exhausted their suggestions, Ju moves
away from the pumpkin and over to the aerial image, still holding her pretend camera.
Ju asks, “I wonder where this image was taken from?”
Josie: I think it was taken from up here in the tree.
Josie is asked to ‘show’ where on the map the photo was taken. She points to a tree
in the top right hand corner. No one in the room challenges her suggestion and Ju
asks other children for their ideas. As the meeting has gone longer than normal and
no other child is sharing their ideas, Ju suggests the children have some fruit and reenergise before moving onto their activities for the day. After fruit, Andy moves over to
the sandbox where I get an opportunity to ask him a question.
Rhys: Andy, I noticed you were thinking deeply about where that image was taken from
but you didn’t share?
Andy: I think it is from up.
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Andy turns his body to face the image and makes a pointing gesture towards the map
on the wall in front of him. Ju notices the discussion and invites Andy to take some
photographs with her of the pumpkin.
Later that day at a class meeting, some of the children who had been working with
Ju are sharing their own series of photographs of the pumpkin. Andy is sharing his
photographs from the front, back, above and one below which required him to
physically invert the horizontal position of the pumpkin. Ju shows the group Andy’s
photographs by projecting them on the wall and asks the other children to share where
they think the camera was positioned when he captured them (see Figures 4.20a - f).

Figures 4.20a - f
Andy captures a pumpkin from a range of different perspectives during an activity led by the classroom educator
(Source A3W_1 - 6).

Ju moves around the pumpkin, pretending to hold a camera, and demonstrates the
children’s suggestions as they share where Andy may have taken the photographs
from. Once completed, she takes her pretend camera and moves towards the aerial
photograph of Lake Packard. Ju asks them again, “I wonder where this photo was taken
from?”
Lucy: I think it was from an aeroplane.
Lucy moves closer to the aerial image, points to the middle until her finger touches the
surface of the image.
Ju: You think it was taken from the middle? Do you think it was taken below the lake,
on the surface or above the lake?
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Lucy: I think it was higher than the lake … things look smaller when you’re further
away.
Representational Play Vignette 5: Taking Aerial Photographs
In the following week, Andy is trying to stand over the sandbox to take a photograph of
his sand constructions (see Figure 4.21).
Andy: I tried to take a photo of the
whole sandbox but I failed.
Rhys: Why?
Andy: Because I can’t take a photo
from up high enough … can I stand
on top of a stool? (see Figure
4.22a)

Figure 4.21
Rhys captures Andy holding the camera above the sandbox, taking
a photograph from an aerial perspective (Source R5F_1).

Rhys: This sounds like a solution,
but I’ll need to support you to keep you safe from falling.
Andy brings over a stool to the sandbox and steps on top while holding my arm. He
captures the image by leaning over and trying to keep the camera parallel with the
sandbox. Having stepped off the stool, Andy reviews the photograph on the camera’s
display. He indicated his satisfaction with the photograph by nodding his head and
continuing with construction of his tunnel (see Figure 4.22b).

Figure 4.22a
Andy’s first attempt to capture a photograph from
an aerial perspective of the sandbox which he was
unsatisfied with (Source A5F_1).

Figure 4.22b
Andy’s second attempt at taking a photograph from
the aerial perspective when standing on a stool. He was
satisfied with the photograph as it captured the tunnel
he had created (Source A5F_2).
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Representational Play Interpretations: A Real Geography
Introduction
A social-constructivist approach to the development of children’s spatial thinking
recognises the inherent dependence of social systems through cultural transmission
(Gauvain, 1993). Vygotsky discusses the significance of socio-cultural tools like maps
and models that communicate spatial thinking (Vygotsky, 1978). These tools represent
spatial information through the compositional relationships of objects and use of
symbols.
This series of vignettes follows the children’s engagement with a real world space,
Lake Packard. It brings attention to their play in the AR Sandbox that relates to their
experiences at Lake Packard. During their investigation of these spaces, the children
developed and communicated their spatial thinking by creating models, navigating an
aerial image, imagining AR visualisations in real world contexts, and capturing their
own photographs of space. Their representational play used both symbols and scaled
spatial compositions to communicate about space.
Interpretations of Representational Play Vignette 1: Constructing Lake Packard
Initiated by his own interests, Dale began the Representation Play vignettes with a
constructed model of Lake Packard within the AR Sandbox. He utilised wooden blocks
and purposed them to frame his model. Dale verbalised a draft of his model, “straight
then curved, straight then curved,” an articulation of his mental visualisations. He was
challenged when he realised that he did “not have enough curved pieces” to create
a complete boundary. Dale continued without the missing materials and created a
frame of Lake Packard with the materials available. He moved some sand from within
the frame to the outside in order to manipulate the AR’s projections to display blue
(Figure 4.14b). The sand within Dale’s three-dimensional model of Lake Packard was
illuminated blue, while the outside elevations illuminated colours green up to red. It is
interpreted that within Dale’s model the blue represented water and the other colours
represented land. Within the classroom, Dale had no visual cues of Lake Packard
around to assist his model design and had constructed his representational model from
his spatial memory. To create the model of Lake Packard, Dale negotiated the spatial
relations in three dimensions, using the blocks to frame the length and width and the
AR visualisations to represent the depth.
In the following session, a laminated 1m x 1m aerial image of Lake Packard was
placed next to the sandbox, encouraged by Dale’s previous representation. The
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children were quick to identify spatial landmarks in the image, like the school, the
lake and other familiar places the class had visited. The group navigated the image by
mentally scaling their perspective to the image’s size and orientation. The researcher
noticed the language the children used to describe the image and asked them the
difference between a map and a photograph. Dale’s definition of a photograph placed
emphasis on the tool as he explained that photographs are captured from a camera.
He described that maps had ’trails’ and, similarly, Josie explained they have ‘x’s that
mark treasure. Both map descriptions used examples of symbols that represent spatial
information. The children’s description of maps demonstrated an awareness of symbol
use and was refined later.
Interpretations of Representational Play Vignette 2: The Green Hill
At a visit to the lake, the class educator told the children to imagine that the hill was
within the AR Sandbox and asked what colour it would be. Her open question invited
the children to scale the size of the AR Sandbox’s geography, relative to their real world
geography. Compared to Dale’s earlier Lake Packard model when he reduced the scale
of the lake to the sandbox (Representational Play Vignette 1), the children scaled the
sandbox up to the hill. This activity required them to decide what AR colour would be
represented and justify their choice. When asked what colour Dale thought, his initial
answer was “green, yellow, white and red,” all the colours except blue. As the hill was
the highest elevated area at Lake Packard reserve, a relative scale of the reserve would
represent the hill at the peak height red. This could be interpreted as Dale’s reason for
listing all the colours. His answer would later change when asked to justify his choice.
Later, in reflection, Dale revealed that his decision was influenced by both
representation and relative scale. His first justification of why the hill would be green
was “because the hill was actually green.” It was interpreted that the colour green was
a symbol that represents the green grassy hill. Dale’s justification appeared unrelated
to any of the hill’s spatial properties. To clarify, Dale was asked whether the ‘actual’
colour of the hill in real life was the reason that he choose green to symbolise the hill.
He offered a second justification that revealed more about his spatial thinking.
Dale further commented, “Hills are smaller than mountains and mountains are bigger
than hills.” This comment was interpreted as a relative scale; thus the hill was green.
His description indicated that hill is a word defined by its size, relative to other bigger
landforms, like mountains. The other colours (yellow, red, white) would assumedly
represent these more elevated landforms. His justifications indicated the colours
were scaled to an area more global than his surrounding environment, as there were
no mountains close by. He added, “Green is land and it has to be above the water,”
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which indicated his scale was also based upon the position of the nearby water. This
justification complements the AR Sandbox representations, as green is sequenced
after blue. Finally, he provided supporting evidence to his geographical spatial thinking
through a simile. Dale concluded, “It’s like a bathtub, the water goes to the bottom and
stays there.” His simile was a scaled expression to justify the geographical formation of
the lake. Dale’s explanation referenced the geographical information embedded in the
AR Sandbox’s visual representations. Dale’s progression of justifications were informed
by both representation of colour and spatial scale. His responses required mental
visualisation as he proportionally reasoned between the sandbox and the hill.
Dale and Josie used natural materials found on their walk to represent areas of Lake
Packard. Their use of leaves within the sandbox symbolised the group of trees, which
the class called the ‘forest’, that provided shade for their walks. The other leaves in
Figure 4.18 were used to symbolise shade huts, places the class stopped at for rests
along their visits to the lake. They used natural materials from the lake in the AR
Sandbox to represent the spaces that the materials came form. This play was another
example of their motivation to represent space outside the classroom, symbolically
within the AR Sandbox.
Interpretations of Representational Play Vignette 3: Finding the Hill
When returning from Lake Packard, Josie showed her interest in the aerial image by
navigating her fingers over it. She searched for her house and articulated that from the
perspective of the aerial image, it should appear like “three silver roofs.” She was asked
to show on the aerial image where the class had visited that morning. Josie orientated
herself to the aerial perspective and identified the school’s position as a landmark.
Then, using her spatial memory, she identified more landmarks and navigated the
class’ journey. In order to follow the pathways, she transposed the aerially orientated
perspective while simultaneously negotiating the scale of the photograph. She
accidently followed the pathway further past the hill than their journey that day but
corrected herself. Josie proposed that it would have been easier to find the grassy hill
if it were “red,” like in the AR Sandbox. She suggested the colour depth visualisations
could provide a further layer of information to the two-dimensional aerial image. Josie
drew on her experiences with the AR Sandbox to recommend how to communicate
complex spatial information to the user. This would align Josie’s thinking to Blaut
and Stea’s (1974) research that indicates children between the age of three to six
years of age can use an aerial image as a map. This supports Josie’s earlier idea in
Representational Play Vignette 1, that maps are purposeful and are tools for navigation.
Later, in an attempt to find her house again, Josie suggested creating a map that would
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reduce information to only include useful landmarks relevant to her context. This
suggestion is another example that maps are purposed for a user and are contextual.
Josie’s suggested new map would represent roads, trees and houses in relation to
her family’s homes. Her understandings of maps indicated that symbols are used
to represent space and express spatial knowledge. When Dale explained he could
not find his house, he gestured that his house exists in a space that is outside of the
photograph’s crop. Like the accuracy of spatial relations, both children have shared the
importance of symbols used in maps to communicate information.
Interpretations of Representational Play Vignette 4: Pumpkin Perspectives
The educator created a pumpkin photography activity to create a link between the
children’s experience at the lake, the aerial image of Lake Packard and their play with
the AR Sandbox. In front of the class, Ju pretended to move an imaginary camera’s
position around a pumpkin based on the children’s suggestions. Ju invited the children
to orientate their mental visualisation of a pumpkin to the camera’s position and
perspective. The educator moved over to the aerial image and asked them where the
camera would have been located. The question was a new context for the children:
to ask the position of the camera from a photograph rather than where to position a
camera for a photograph. Josie responded that she thought the photograph was taken
“from the tree.” Josie’s answer indicated an understanding of the camera’s position
was above the subject. The pumpkin photography activity was designed to scaffold the
children’s spatial reasoning and visualisation when re-orientating perspectives, thus Ju
waited until after the photograph task to ask the class again.
During the activity, Andy investigated the pumpkin through a camera lens, transposing
and rotating the camera’s perspective around a pumpkin in a series of photographs.
Despite not sharing at the class meeting, he had commented earlier that he
thought the aerial image was “taken from up.” It could be perceived that Andy was
demonstrating an early development of his thinking in the Projective Space, according
to Piaget and Inhelder’s model (1956). Within this model, the Projective Space is
described where one understands that the spatial relations of an object is relative to
their viewing point. Piaget believed that mastery of this spatial developmental stage
was likely achieved in the middle school years. Andy’s series of photographs (Figures
4.2a-f) were from multiple angles and showed how objects can change appearance
from different viewing positions.
When the class gathered later that day, Ju repeated the question about the perspective
of the aerial image. Lucy shared with the class first, and suggested the perspective was
“from an aeroplane.” Her suggestion indicated the aerial orientation of the camera,
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and from a greater distance than Josie’s suggestion of “in a tree” in the morning. Ju
probed further when Lucy’s finger touched the image’s surface, as if her finger’s depth
position was in relation to the camera position and image’s scale. Lucy responded
that the camera was higher than the lake and justified that, “things look smaller when
you’re further away.” The comment supports her aeroplane suggestion explaining that
the photograph was subject to spatial scaling: as the perspective increases, the object’s
appearance decreases in size.
Interpretations of Representational Play Vignette 5: Taking Aerial Photographs
Vignette 5 highlighted how Andy built on his camera skills to spatially problem solve,
drawing on the activity offered in Representational Vignette 4. He was taking a
photograph from above of the sandbox (Figure 4.21). Andy was challenged with the
perspective offered by his camera, as he was missing portions of his constructions
in the sandbox from the captured photographic image (Figure 4.22a). He increased
his height by safely standing on top of a stool so his photograph was more centrally
orientated by the camera’s position (Figure 4.22b). The second photograph, taken
higher, allowed him to capture all of his constructions (the circular mountain,
mountain, bridge and tunnel). This second photograph also showed a footprint from
the first photograph’s attempt, a stool that Andy stood on to increase his height, and
the shoe of the researcher who supported him from the height (Figure 4.22b). Andy
demonstrated spatial problem solving in his ability to capture a photograph and scale
a model. The understanding was built on from the class’ experiences representing Lake
Packard in the AR Sandbox.
Summary
Through the children’s use of the AR Sandbox, they created meaning of symbolic
visualisations used in maps and models. The Representational Interpretations were
constructed to demonstrate the children’s skills attributed to mapping abilities.
The vignettes provide examples of a range of different tools they used to explore
representations and perspectives of space. These included examples of activities both
child and adult led that built on their prior experiences, like Andy’s aerial photograph
of the sandbox or the colour Dale selected to represent the hill. The vignettes
highlighted shared play that contributed to the children’s growing mapping abilities.
In combination with other tools, the children have used the AR Sandbox to represent
spatial information of the larger environments around them. The children’s models
are a representation of their real world and communicate spatial relations through
compositions of space.
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Small Worlds Play Vignettes: Pyramid World
Introduction
Imaginary role play is a leading activity in young children’s development and their use
of higher mental functions (Elkonin, 2005). Sandboxes provide a natural setting where
children can construct their own small and comprehensive worlds to inhabit. They are
an example of a ‘microworld’ (Rieber, 1996), a constructivist concept given to small
and comprehensive domains that children ‘live’ within (Papert, 1981; Rieber, 1992),
also known as ‘small worlds’. For the duration of the AR Sandbox installation, children
were observed role playing within their constructed domains. The children created
worlds within the AR Sandbox, often entering a collaborative consensus of rules and
imagination through their own improvised stories.
The four Small Worlds vignettes follow the children’s play as they construct ‘Pyramid
World.’ During Weeks 6 and 7 of the installation, the children used resources like
wooden blocks, rulers, acrylic models and printed images as tools to visualise, create
and transform the spatial properties of pyramids. These vignettes take place as Josie
and Dale negotiate the roles and rules of the domain, and live within it. Also included
in the vignettes are classmates Sumi and Evie.
Small Worlds Play Vignette 1: Pyramids
Evie: We have been making a slope. It would be great to ski down!
Rhys: How many slopes does your mountain have?
Dale: I can use my block so I can make many slopes on all of the mountains.
Evie uses her fingers to pretend to ski from the top of her hill down the bottom. Using
a long rectangular block, Dale scrapes flat the sides of a mountain in the sandbox. He
replicates Evie’s skiing slope and continues making flat surfaces on a range of different
sized sand constructions (see Figures 4.23a - c).
Dale: It’s a pyramid!
Rhys: What is a pyramid?
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Figures 4.23a - c
Rhys captures a sequence of Dale as he uses a wooden block to sculpt a four sided pyramid (Source R6F1 - 3).

Dale: It’s something that you find in Africa and it has three sides and three corners.
Rhys: How can I tell the difference between a triangle and a pyramid?
Josie: Triangle has three sides and a pyramid has three, sides … umm Rhys, I am making
a pyramid to show you what I mean.
Dale defines pyramids in two parts, firstly by commenting on their real world
geographical location and secondly describing its spatial properties. I ask a question
on the spatial properties that creates a distinction between the two-dimensional and
the three-dimensional shape. Josie answers; she stops mid sentence, aware that she
is repeating the definition of both a triangle and a pyramid and decides to model
the difference instead. Josie constructs a pyramid structure using a block in a similar
fashion to Dale. She pauses mid-construction to review her sand pyramid; at this point
it has three unequally distributed sides. To even out the size of the sides, Josie modifies
her model and scrapes flat a new side. The model is now a rectangular pyramid with
four visible sides.
Rhys: I noticed that you started with three sides but then you created this pyramid with
four sides?
Josie: Well, they really have four sides … I started by making a circle then I used one of
the blocks to smack it down on the sides.
Rhys: And your steps?
Josie: They are made by my fingers and pushing them into so you can climb (see Figure
4.24).
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Figure 4.24
Rhys captures Josie as she creates finger imprints to allow people climb up
her pyramid (Source R6F_4).

Their collective interest
in the construction of
pyramids has all occurred
in the final moments of the
day’s session. The base of
their pyramids are being
consistently constructed
from the height area
projected blue. Josie asks
for the camera to capture
some photographs of her
models just before pack
up time. She takes one
photograph of the pyramid
with the dotted steps (see

Figure 4.25a) and then chooses to modify the steps on her pyramid model. Using her
finger, Josie trims horizontally tiered steps around the pyramid, flattens the top and
takes another photograph (see Figure 4.25b) while the other children are packing up
the area. It appears she is modifying her construction to get the steps to appear more
like a traditional horizontal staircase arrangement.

Figure 4.25a
Josie captures the pyramid she created prior to pack
up time. It includes the steps on the external walls that
allow people to climb (Source J6F_1).

Figure 4.25b
Josie captures her modifications to the steps to be
horizontally tiered steps (Source J6F_2).

Small Worlds Play Vignette 2: Pyramids are Homes
In the following morning session, Josie’s final construction from the previous session
still remains (see Figure 4.25b). As the children arrive with their parents and siblings
in the morning, each chooses the activities they want to engage with. As they arrive
at the sandbox, I ask the children to leave Josie’s pyramid unaltered to allow her to
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see it had remained standing when she arrives. When Dale enters the class, he moves
directly to the sandbox area, perhaps inspired by Josie’s pyramid. He is enthusiastic to
create some pyramids again. Dale is mid-construction, refining his pyramid building
techniques when Josie arrives (see Figure 4.26).
Josie: That’s not a pyramid - pyramids are more like mine, they need to be fatter. It
really needs to be fatter so then
people can climb up on the outside.
Because people could climb up that
thing but not skinny things, otherwise
they just fall down.
Rhys: Maybe you can show me how to
make one?
Josie: You can start with a circle.

Figure 4.26
Rhys captures Dale’s pyramid that Josie suggests needs to be
fatter to allow people to “climb up on the outside” (Source
R7W_1).

Dale begins placing more sand on the side of his design, a modification to decrease
the pyramid’s steepness. Josie begins collecting some sand together to create the
base of her pyramid, then looks around for a tool to construct the walls. With a block
in her hand, she appears to be visualising the construction, but is slowing down her
pyramid building movements. Josie comes to a stop, looks confused, turns to me and
comments.
Josie: I can’t remember how to build one anymore.
Rhys: Friends, I asked Josie this morning, what was her way, her technique, to building
a pyramid?
Dale: Well, you build a tower and then you shave the sides off to three.
Josie: And pyramids have a pointed top; they have four sides.
Albert: Check this out! Check this out, Dale!
One of Dale and Josie’s peers has found a series of images that have been printed off
next to the sandbox. There is a range of images, all with Egyptian pyramids subjects;
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some are photographs, and one is an internal
layout of the structures. Dale captures the
images that each highlight a different quality
or design of a pyramid (see Figures 4.27a and
b).
Dale: Why did you put those pictures of
pyramids here?
Rhys: I was doing some research on pyramids.
I was trying to work out how many sides they
had, how some people had built them and
what was inside them.
Josie: They are houses!

Figures 4.27a and b
Dale captures printed images of pyramids displayed
proximal to the AR sandbox (Source D7W_1 and 2).

Josie discusses the aspects of the pyramids
that have cultural importance: their use
as shelters and homes. Using the layout in Figure 4.27a, she shows where people
lived commenting, this “is where they sleep at night.” Earlier, Josie had challenged
that Dale’s sand construction wasn’t a pyramid because it was not wide enough to
be climbed. The defining characteristics of pyramids for Josie were not determined
by their geometric properties, but by the functionality of those who inhabited them.
Since this interaction, Dale has begun to poke holes at the base of the pyramids he is
constructing to create entrances.
Dale: I built a hole underneath my
pyramid and it didn’t fall down.
Josie: It is a home; a lady lives in that.
Dale: Here is a pathway to an
underground shoot (he captures a
photograph, see Figure 4.28).
Josie: I have put in some doorways that
get to the tunnels you made. It is the
way into their home.

Figure 4.28
Dale captures a pyramid mid-construction, bringing attention to the hole which is a pathway to an ”underground
shoot” (Source D7W_3).
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Josie and Dale use two fingers as legs of a finger puppet, pretending they are people,
moving from one pyramid to the other. Dale accepts Josie’s request to visit him in his
pyramid and she walks outside of her entrance over to his and knocks on the door.
Dale’s finger puppet comes out to greet Josie and they climb up the outside of their
pyramid together. As the children engage in the role play with their pyramids, it is
noted that the base of their constructions are now at the height area of the AR’s green
projections.
Small Worlds Play Vignette 3: Measuring Pyramids
Later that morning, the children are gathered together for their daily morning meeting
and to eat fruit. I take the opportunity to change some materials in the sandbox that
could contribute to their play. I decide to place three 30cm wooden rulers nearby
assuming they would be a more appropriately sized and weighted construction tool
for their pyramids in comparison to the blocks. Once the children had eaten their fruit,
they come back to the sandbox and I decide to start constructing my own pyramid.
Josie takes the ruler instantly. Rather than using it to scrape the sides as assumed, she
uses the ruler to refine the steps on her earlier pyramid constructions (see Figure 4.29).
Josie: I use the ruler to make the lines on the sides
for the steps.
Rhys: Can you help me make it with my pyramid?
Josie: You use the ruler to make the lines.
Rhys: I noticed you place it over wriggly lines from
the light, they already look a bit like steps.

Figure 4.29
Rhys captures Josie’s pyramid that she uses a
ruler to place equally spaced indents, guided
by the contour lines (Source R7W_1).

Josie: Yeah, you can use them if you would like to put the ruler against them. I am.
I use the children’s common vernacular to refer to the projections as the ‘light’ and
the contour lines as ‘wriggly lines’. Using the ruler, Josie demonstrates that she pushes
the side of the ruler to create step indents into her pyramid model. The steps on both
her and my pyramid models are imprinted over the top of the projected contour lines.
Dale has been listening to our conversation and makes similar adjustments to the step
design of his pyramids. Once completed he begins using the ruler for a new purpose.
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Evie: Can you measure how high it would be with the ruler?
Dale: It’s a whole ruler high (see Figure 4.30).
Rhys: How could we tell
someone how to measure
the pyramids?
Dale: Hold it straight up and
drag your hand across to
the ruler.
Evie: How would we
measure something that is
bigger than us?

Figure 4.30
Rhys captures Dale using the ruler to measure the height of his pyramid.
His pyramid also demonstrates the modification to his step design overheard by Josie’s discussion. The steps are horizontal imprints of the ruler
applied over the projected contour lines (Source R7W_2).

Dale: Well, perhaps you could go like this, one ruler, two rulers…
He positions the ruler vertically above itself, as if it was directly on top of the ruler’s
previous position. Dale continues one ruler length above the other until he reaches his
head and declares, “I am seven rulers high!”
At this point of the session the sandbox is filled with the children’s constructions as
they experiment making pyramids. Before moving off to fruit, Dale brushes off the sand
from his knees and shares with Josie, “It looks like a Pyramid World” (see Figures 4.31a
and b).

Figure 4.31a
and b
Rhys captures
the children’s
experiments
constructing
pyramids in
week 7. The
constructed
pyramids
experiment
in shapes
with regard
to sides,
height, size,
position and
depth (Source
R7W_3 and 4).

101

Small Worlds Play Vignette 4: Four-to-Floor
Later that day, while the children continue to construct pyramids, a friend notices an
acrylic rectangular pyramid model nearby (see Figure 4.32). He picks it up and brings it
closer to the sandbox, explaining, “Now look at this shape, it is a triangle!”
Figure 4.32
Rhys captures the
acrylic rectangular pyramid
positioned above
the nearby
‘kiosk’. The kiosk
is a larger acrylic
cube that the
students store
their show-andtell objects in
throughout the
day (Source
R7W_5).

Dale: No, it actually has
four sides.
Rhys: But I can see a
triangle on just this
one side of that whole
shape.
Dale: But the whole thing is not a triangle, it’s a … I’m not sure what
shape it is.

Rhys: I thought we had a name for it and we were making them in the sandbox?
Dale: Nah, it is not a pyramid, it needs a shape name. Pyramids are homes and need a
shape to build it. I’ll call it a ‘Four-to-Floor’!
After being asked why he chose the name ‘Four–to–Floor,’ Dale reveals, “Because it
has four walls.” When naming the three-dimensional shape, Dale reveals rules to his
creative use of language. The words he selects during this spontaneous naming activity
relate to the properties of the shape. According to Dale, ‘pyramid’ is a name given to
a type of home, a place to be lived within, one that requires a shape to build it. The
conversation began as Dale challenges one of his peers that the acrylic model shape is
not a triangle, stating the shape has “four sides.” When naming the shape that pyramid
homes are modelled from, he incorporates the spatial properties of the shape he had
discussed earlier in the conversation.
Dale and friends include the acrylic Four-to-Floor model with their constructions. They
use it on top of one of their pyramid constructions, rotating it and inserting it from the
top down (see Figure 4.33). The transparent quality of the acrylic model allows the
light of the projections through to the sand. Dale seems interested in the space the
model’s imprint has created in his sand construction, as he moves the Four-to-Floor
in and out to better observe the AR projections. Once the Four-to-Floor is taken out,
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Dale begins to describe the
imprinted shape that is left
within the sand construction
(see Figures 4.34a and b).
Dale: It looks so flat in there.
Rhys: What shape is this?
Dale: I would call it an upside
down Four-to-Floor.

Figure 4.33
Rhys captures Dale and friends using the Four-to-Floor acrylic model
with their sand constructions. They rotate the object’s original orientation and place into their sand construction, submerging the Four-toFloor at the top of their pyramid (Source R7W_6).

Josie: I would call it a triangle.
Dale: But a triangle only has three points.
Josie: Yeah, but there is still a triangle.
Dale: Let’s count the points 1, 2, 3. See Josie, this in here has four (corners).
Josie: But I think it still has a triangle though.

Figure 4.34a and b
Rhys captures Dale as he moves the Four-to-Floor model in and out of the sandbox to observe the AR projections
inside his construction (Source R7W_7 and 8).

As she says, “there”, Josie uses her index finger to gesture inside the pyramid to a
section face. She emphasises her words “there” and “has” as she attempts to explain
to Dale that she is discussing one shape on the side of the whole Four-to-Floor. Dale
challenges Josie on the number of corners the base of the Four-to-Floor has as it is
103

now orientated upside down. Josie goes to collect a camera to take some photographs
of the model, which now has the Four-to-Floor above its imprint. She moves around
the model capturing multiple photographs from the construction (see Figures 4.35a
- k). Her approach to this photographic sequence is similar to one she had observed
Andy practise earlier during the pumpkin perspectives activity (see Representation
Play Vignette 3), one she chose not to participate in. When asked to reflect on why she
chose to take these photographs Josie states, “To show the different shapes.”

Figures 4.35a - k
Josie captures a sequence as
she walks around the sandbox
capturing photographs from a
range of different perspectives
(Source J7W_2 to J7W_12).
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Small Worlds Play Interpretations: Pyramid World
Introduction
The Small Worlds Play vignettes showcased the children’s play related to their
collectively created pyramid world. The imaginary play relies on establishing a set
of rules the children interact within, rules that generalise and imitate their outside
world (Vygotsky, 1978). The children’s pyramid world was a construction area, where
they modelled the understandings of architectural structures from ancient Egypt and
pretended to be citizens of their created domain.
The children utilised the AR Sandbox for their imaginary play, which resulted in an
exploration of shape. They investigated geometric concepts in a Western tradition,
particularly emphasising the vertices, faces and edges of shapes throughout. The focus
of the Small World Play Interpretations is the children’s spatial thinking as they explore
the spatial properties of their pyramids.
Interpretations of Small Worlds Play Vignette 1: Pyramids
As the children first constructed the three-dimensional shapes, they were building
an environment to ski for the inhabitants of their imaginary world. Using the same
techniques in the sand, they progressed their constructions to create models of
pyramids for inhabitants. As they practised modelling, they were spatially structuring
the shape by recognising structural features through manipulation and visualisation
(Battista, 1999). Their spatial thinking of the shape’s qualities developed from the
construction of their models and through their interactions with one another. As they
revisited their geometric concepts throughout the vignettes, their later pyramid models
increased in complexity.
Van Hiele’s model for spatial development describes Level Two, the descriptive
analytical stage, where individuals consider a shape based on its properties (Van
Hiele, 1959). During the children’s initial constructions in Vignette 1: Pyramids, they
discussed the properties of the three dimensional shape. Initially, Dale introduced
some spatial properties of the pyramid with his suggestion that “it has three sides
and three corners.” The researchers follow-up question was a comparative enquiry
between a two dimensional shape (triangle) and a three dimensional shape (pyramid).
These two dimensionally different shapes could be interpreted as possessing the
properties of “three sides and three corners” from different perspectives; a whole
triangle or one lateral face of the pyramid. The researcher enquired further about
Dale’s description that assumedly had identified the shapes vertices and edges on
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one face. Josie began to verbally answer the question, but changed her mind midway
as if her language wasn’t complex enough to express herself. Instead she decided to
model and communicate her spatial thinking in a visual representation. Her completed
model visually communicated the pyramid and she pointed out verbally that it had
four lateral faces. Josie added that she began with a “circle” and “smacked” down the
sides, assumedly to explain her process that transformed the non-polyhedral cone into
a flat-faced polyhedral pyramid. Josie’s investigation of her pyramid’s spatial properties
moved between linguistic and visual representations.
The children’s pyramid modelling began by the construction of a base and apex to
create a cone, then subtracted surface area to create flat faces. Dale described the
process; “build a tower” first, then “shave off” the lateral faces to sculpt and shape
their pyramids. In this process, the children first visualised the shape of their pyramid
construction. As they sculpted the faces, they had the difficult task of simultaneously
negotiating the spatial relations between the pyramid base’s shape and its amount of
lateral faces. The task is made more difficult as the pyramid’s base shape is hidden in
the sand and thus require the children to employ spatial mental visualisations of the
object in isolation. As the pyramid constructions appear contiguous with the rest of
the sand volume, to separate the shape for spatial structuring becomes increasingly
complex. It could be suggested that the AR visualisation scaffolded the children’s ability
to isolate the object; however they would need to change their perspective to be
vertically above for the colour visualisation to be perceived as visualising the pyramid’s
base shape. This is emphasised in Figure 4.33. The children’s models were complex as
they arranged spatial relations between three dimensions, while the base of the shape
was contiguous with the rest of the sand.
Interpretations of Small Worlds Play Vignette 2: Pyramids are Homes
At the beginning of Pyramids are Homes, Josie returned to the AR Sandbox confident in
her modelling skills. She challenged Dale’s design as not being a pyramid as the angles
on his pyramid’s lateral faces were incorrect. She stated that the pyramid needed
to be “fatter” to allow people in their imaginary play to climb up, an increase in the
width of the pyramid’s base in relation to its height. When rules are established in play,
children have to make a decision to either challenge or support each others’ theories
as a feedback loop to their deeper understandings (Elkonin, 2005). Dale supported
Josie’s notion and modified his later pyramid designs to comply. The imaginary play
that motivated the construction of the pyramid models had influenced the spatial
properties the children attributed to their pyramid definition.
Interestingly, as Josie went to model her pyramid again, she could not remember how
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she built her previous models and stopped mid-construction. Despite the fact that the
model Dale was constructing had four lateral faces, he reminded Josie of her process
and commented, “You shave the sides off to three.” Josie replied that they have a
“pointed top” and “four sides” when describing the pyramid. While Josie commented
she “couldn’t remember how to build on,” she demonstrated an ability to describe the
apex and number of lateral faces. It appeared that Josie was still refining her spatial
understandings of the pyramid through linguistic and model communication. Earlier
in Pyramids Vignette 1, she preferred the model to communicate her understandings,
while later she preferred language. Josie appeared to utilise both tools as expressions
of her spatial thinking, although not yet simultaneously.
A shift in the emphasis of the children’s play was noticed when their classmate spotted
the pyramid images placed by the researcher. Josie and Dale commented that pyramids
were homes and their play moved into this imaginary world. The change in their play
appeared to shift from an establishment of rules into their improvised socio-dramatic
story. The two children indicated the pyramids were homes, places they “sleep at
night,” and Josie mentioned a “lady lives” in her pyramid. The two children interacted
as imaginary characters, friends living in the pyramids who visit one another. They
shared an unseen passage that joined the homes: verbalising the underground tunnel
and gesturing above the surface the route with their hands. This improvised story was
the play that motivated their spatial thinking of shape and pyramids.

Interpretations of Small Worlds Play Vignette 3: Measuring Pyramids
Returning from fruit time break, Josie brought her attention back to the design of her
pyramid’s external steps. After using two different step designs in Vignette 1, she now
experimented with the edge of the ruler, pushing into the sand to create an imprint.
The tool increased her ability to create a more accurate line along a dimension. In
Figure 4.29, each step was more equally distanced, guided by the AR’s contour line
visualisation. Josie had utilised the ruler for its ability to create a straight line and the
projected contour lines to distance the steps uniformly. While Josie had not verbalised
any spatial properties of the contour lines, her new design demonstrated a greater
accuracy of spatial relations between steps.
Once Dale modified his step design to comply with Josie, he used the ruler as a tool
for measurement, demonstrating his understanding of the intended cultural purpose
of the ruler. Measurement has relevance to Dale’s developing spatial understandings
as it quantified the relations of space. Though not described in the vignettes, Dale had
previously used uniform shaped blocks stacked vertically to quantify and communicate
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the height of the sandbox. His use of the ruler to measure the height of the pyramids
revealed a further understanding of measurement and dimensionality. Dale positioned
the ruler vertically above the pyramid base perimeter to measure the pyramid’s height.
He placed the ruler on an invisible axis of three-dimensional space, complying with
Euclidean geometry. Dale did not place the ruler along the lateral face which would
have measured slant length. He explained his measurement process; “Hold it up
straight and drag your hand across to the ruler.” Dale quantified his measurement of
the pyramid’s height as “one ruler length.” When challenged by another student how
to measure an object larger than the measuring tool, he suggested the tool should be
uniform for quantitative accuracy. This was demonstrated in his consistent use of the
ruler and consistent shape and sized blocks in the experience mentioned above. The
quantification of measurement, uniformity of measuring tools and adoption of existing
mathematical theories supports a socially constructed communication system. Dale’s
use of mathematical language allowed him to communicate the size of his model to
others.
Interpretations of Small Worlds Play Vignette 4: Four-to-Floor
In Vignette 4, the children continued to discuss the spatial properties of the threedimensional rectangular pyramid shape, this time in reference to an acrylic model.
Dale revealed an interesting distinction between communicating shapes and domains.
He proposed that the acrylic model wasn’t a pyramid because the model doesn’t have
the properties of a pyramid within their imaginary play. As he didn’t know its ‘shape
name,’ he named it himself ‘Four-to-Floor’. He differentiated the word pyramid from
Four-to-Floor because the acrylic model didn’t share the cultural quality of a ‘home’.
He added that it needed a shape name that would inform the design of the homes that
existed in their small worlds. Dale’s shape name choice of Four-to-Floor merged three
words, based on the spatial properties of the shape. He explained his reason, “because
it has four walls.” The four faces are positioned in relation to the ‘floor’, a base. Thus,
Dale’s shape name described the spatial properties that accounts for all five faces. Dale
demonstrated how the play and rule creating process of their imaginary play developed
the spatial understandings of a three-dimensional shape.
Throughout Small Worlds Play Vignettes 1 and 2, Josie challenged Dale’s verbalised
understandings of their pyramid’s spatial properties, correcting him that they have
four ‘sides’. At the end of Small Worlds Play Vignette 3, Josie and Dale disagreed on
the spatial properties of the newly named shape Four-to-Floor. Dale expressed what
Josie had been communicating since Vignette 1 - that the rectangular pyramid has
four lateral faces. This miscommunication possibly occurred due to their uses of the
term sides, which could have referred to edges, boundaries or lateral faces. However,
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it appeared that Josie tried to express the idea that a two-dimensional triangle
shape existed within the Four-to-Floor. She had identified a pattern of the threedimensional shape, a crucial aspect of spatial visualisation. Josie moved around the
acrylic and sand construction, taking multiple photographs from varied perspectives.
She completed a full rotation around the sandbox taking a series of photographs, a
technique her classroom teacher had shown earlier. On reflection, she stated that
the photographs show the “different shapes.” Although she doesn’t elaborate further
on her explanation, the interaction just prior could indicate that her photographs
expressed the different shapes within Dale’s complex model. Her photographs are a
creative expression of the ability to manipulate shapes through perspective and the
relationships between two-dimensional and three-dimensional shapes.
Summary
The Small Worlds Play Interpretations outline how the children used the AR Sandbox
for imaginary play to develop their spatial thinking. Within their collaboratively created
world, they explored the spatial properties of two and three-dimensional shapes. As
the play developed, the children communicated their collective spatial thinking of
pyramids through language and model representations.

Conclusion
This chapter has presented the findings in relation to the four main uses of the AR
Sandbox: Exploratory Play, Games, Representation Play and Small Worlds Play. In
Exploratory Play the children explored the space that the projector’s light occupied.
Their curiosity guided them in investigating the spatial properties of the AR Sandbox.
During Games, the children used problem solving and strategising in a game they had
created, hiding and finding blocks in the AR Sandbox. In Representational Play, children
used the AR Sandbox and aerial images to communicate and represent the real life
spaces of a nearby lake. In Small Worlds Play, the children created pyramids within
the AR Sandbox as part of their imaginary play. This led to their investigation of three
dimensional shapes and their spatial properties.
The next chapter, Chapter 5, summarises the study, reports the limitations, suggests
areas for further research, and provides a suggestion for practice for educators and AR
developers.
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CHAPTER 5: CONCLUSION
Introduction
This concluding chapter presents a summary and synthesis of this study’s findings. It
discusses the implications of the research on practice, outlines the limitations of the
research, makes recommendations for future research, before ending with a
concluding commentary.
Summary of the Findings
The purpose of this research was to describe how the AR Sandbox could be used by
young children to develop their spatial thinking through play. This study found that
young children used the AR Sandbox for Exploratory Play, Games, Representational
Play and Small Worlds Play. The children did not exclusively use the AR Sandbox for
one particular use at any one time. Their uses revealed the interrelated nature of the
children’s play and highlighted the diversity of the children’s thinking during play, at
any one time. A summary of each of the children’s four uses follows.
The Exploratory Play vignettes highlighted the children’s exploration, as they tested
and theorised the functions of the AR Sandbox. The series of Exploratory Play vignettes
captured the children’s curiosity with how the components function cooperatively to
create the AR experience within the sandbox. The vignettes focus on the children’s
thinking as they explore the space of the projector’s light over 8 weeks.
The series of Games vignettes described the children creating and playing a game of
hiding and finding with wooden objects. The game was initiated during the children’s
discussion on how they wanted to use the AR Sandbox and occurred all within one
session. The children initiated an increase of the game’s difficulty when they placed
hidden objects beyond their comfortable egocentric spatial references. The children
provided verbal hints, spatial navigation to the hidden objects location, orientated to
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the finder’s perspective. The children then invited the adult researcher to participate
in their game which provided an opportunity to challenge the children’s strategic game
play within the rules of their constructed game. In the following rounds of the game
the children used the AR to form strategies that increased the difficulty of the game.
One of the children’s uses of the AR Sandbox for spatial thinking was for
representational play. The five Representational Play vignettes described a
transformation in the children’s perspective through a range of experiences in and
related to the AR Sandbox over 3 weeks. The series emphasised a geographical
perspective on spatial thinking, one that comprises a combination of “concepts of
space, tools for representation and processes of reasoning” (National Research
Council, 2006, p. 25). Representational Play Vignette 1: Constructing Lake Packard
described how the children used the AR Sandbox to construct a three dimensional
model of a nearby lake, as a tool for representation. Representational Play Vignette 2:
The Green Hill described the children’s processes of reasoning as they justified a
selecting spatial scaling of the AR Sandbox’s abstract but symbolic spatial visualisations
relative to the real world space. In Representational Play Vignette 3: Finding the Hill,
the children navigated a two dimensional scaled representation of the same real world
space through an aerial image. Representational Play Vignettes 4 and 5 described the
children’s use of the camera as a tool for two dimensional representation of space,
particularly highlighting its perspective through spatial orientation and position. It is
through the children’s use of tools for spatial representation and their reasoning
processes, that they were continually accessing and refining their conceptual
understandings of space.
The series of Representational Play vignettes supports components of Jim Blaut’s
assertions on young children’s competencies with mapping abilities. The study’s
findings support Blaut’s (1997b) research that indicates children aged 3 to 6 years old
understand how to use an aerial photograph as a map. Children in the
Representational Play vignettes identified landmarks such as houses, their school,
pathways and lakes and navigated the image retracing their earlier journey. In
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Representational Play Vignette 1, the children even identified that maps use symbols
to represent information. They further suggested two symbols to transform the aerial
image into a more purposeful map, 1) use colour to represent elevation height, like the
AR Sandbox, and 2) reduce the detail of the map to only present relevant information
to the user.
The Small Worlds Play vignettes described children constructing a Pyramid World for
their imaginary play. The children’s play within the AR Sandbox motivated their
investigation of shape, through multiple constructions and analysis of a pyramid’s
spatial properties and relations. The findings indicate the children’s spatial thinking
had distinguished between the cultural function of shapes in their imaginary worlds
and the mathematical function of shapes. For the mathematical function, the children
named the pyramid’s shape a ‘four-to-floor’ to describe its geometric features as they
used the term pyramid for a cultural purpose of describing a home.
This series of Small Worlds Play vignettes support Vygotsky’s (1978) notion on the
importance of imaginary play in learning. The symbolic imaginary play, initiated by the
children and thus proximal to their development, allowed them to safely challenge or
support their developing understandings of shape. It provided opportunities to
practise the construction of the shape through manipulation of the sand, analysing the
spatial properties and relations of the shape to function in their imaginary world. The
AR Sandbox was a microworld where children shaped and designed their own
experiences. It demonstrated how their use of the microworld provided opportunities
to practise general capabilities.
In summary, the Exploratory Play vignettes show how the children’s exploration of
tools was crucial for their developing use and understandings. The Games vignettes
highlight how adult intervention can facilitate the children’s games and interactions.
The Representational Play vignettes show how the use of multiple spatial
representation tools can be used within the environment in combination with one
another to assist the development of children’s spatial thinking. Finally, the Small
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Worlds Play vignettes demonstrate how children’s imaginary play is a leading factor in
the development in their spatial thinking.
Synthesis of the Findings
The children’s use of the AR Sandbox across all findings were found to support four
commonalities: the socio-cultural perspective on spatial thinking, the Everyday Model
of Spatial Development, Elkonin’s theorised impacts of play, and the ‘exploration-playapplication’ interaction with tools.
The Socio-Cultural Perspective on Spatial Thinking
During their use of the AR Sandbox, the children’s spatial thinking was mediated by the
tool itself and through all socially mediated experiences. This was observed in two
ways: the influence of tools on the way the users’ thought through a process of
semiotic mediation, and the practical cultural function of spatial thinking during
problem solving,
Semiotic Mediation
The AR Sandbox provided the children access to an informational system of culture,
visualisations that represent a western orientated system of three-dimensional
Euclidean geometry. As the children used the AR Sandbox, they accessed abstract
concepts used in their society to represent space. Cultural tools, like the AR Sandbox,
are embedded in the socio-cultural context and children’s use of the tool impacts not
just their understanding of space, but also influences their spatial thinking. Their use of
the tool simultaneously expresses values embedded in their culture, such as the
importance of play in the early years. The process of semiotic mediation is observed
throughout all four identified uses, but are examined in two examples.
The children’s exposure to the AR Sandbox’s colour visualisations, that symbolically
represents height information, is examined from the Representational Play vignettes.
The children built a model of a nearby lake and explained that the colour visualisations
represented the spatial information of their model’s height. The internal thinking of an
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individual during the semiotic mediation process is presented in Representational
Vignette 3: Finding the Hill, when a child suggested using the colour visualisations from
the AR Sandbox to represent elevation symbolically on a two-dimensional photograph.
The influence of the children’s earlier representational play with the AR Sandbox’s
abstract visualisations was internalised and demonstrated by their use of the
visualisation into the new context of aerial photography.
A second example can be seen in the children’s exposure to aerial photographs from
Representational Play Vignette 1. The children used a camera to capture multiple
photographs of an object, developing their understanding of how the camera’s
position changes the appearance of the subject in the photograph. Later, in
Representational Play Vignette 5, one child used a camera to capture a photograph of
his sand constructions in the AR Sandbox. The child increased his height in an attempt
to decrease the photograph’s subject size and fit in his sand constructions. The child
internalised the use of an aerial perspective to represent space in the AR Sandbox.
Problem Solving
The children’s use of the AR Sandbox highlights Yakimanskaya’s (1991) emphasis on
the practicality of spatial thinking for problem solving. Her definition of spatial thinking
explains the individual’s process of identifying spatial properties and relations for the
function of solving problems in both real and/or theoretical space. Children
demonstrate intellectual curiosity when they interact with their social context
(Bodrova & Leong, 2007). The children’s thinking as a function for problem solving is
demonstrated through all four identified uses.
A problem solving approach can be seen over the Games Vignette series of Hiding and
Finding. The children employed problem solving strategies in their game to either hide
objects within the sand from each other, or to find hidden objects in the sand. The
game’s difficulty increased as the children utilised the spatial visualisations of the
sandbox’s AR. This strategy affirms Clement’s (1998) prediction that computer
technology’s spatial visualisations would promote opportunities for higher order
spatial thinking. The children’s game also supports the NMC Horizon Report that stated
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“one of the most promising aspects of AR is that it can be used for visual and highly
interactive forms of learning, allowing the overlay of data onto the real world”
(Johnson et al., 2012, p. 30). The children used the visualisations to identify higher
elevated surfaces that would have a greater volume in which to hide objects. Through
the pragmatic tasks of finding or hiding objects, the children developed their spatial
thinking.
Another example of problem solving is seen in the Exploratory Play vignettes series,
where the children used tools to make visible the projector light’s spatial properties
and relations. In the children’s enquiry of the space that the projections occupied, they
used materials like paper, kitchen utensils and PVC pipes. Motivated by their curiosity,
the development of the children’s spatial thinking was observed in their active and
dynamic manipulation of space.
In Support of the Everyday Model of Spatial Development
The Everyday Model of Spatial Development emphasises the children’s own
constructions of spatial thinking through their free-play activities. Ness and Farenga
(2007) highlight contextual observations to identify the spatial thinking of children in
spontaneous activities. They present naturalistic observation of children’s play as an
alternative to the standardised clinical method that measures a bounded set of predetermined correct answers. Their contextual methodology examines young children’s
spatial thinking during free play as a leading factor of their spatial development.
The Small Worlds Play Vignette 4: Four-to-Floor emphasised the children’s own
constructions on the names given to shapes. The children explained the need for a
‘shape name’ that in effect describe its spatial properties and another name that
describes the cultural function of the object. As the children did not ‘know’ the shape
name, they created their own. The chosen shape name is not arbitrarily created;
rather, it reveals spatial properties of the shape within the name. This conscious lack of
adult intervention in the children’s play allowed the research to capture the children’s
own understandings.
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Another example to support the Everyday Model of Spatial Development is during the
Games Vignette 2. Here, the children created a term that describes a position of the
AR visualisations relative to their own geographic scale. Their use of the term ‘earth
level’ describes the intersection between the blue, that symbolically represents water,
and the green that symbolically represents earth. The children’s language provides an
insight into their own spatial thinking, the symbolism associated with scale within the
AR Sandbox. It differs from the ‘adult’ perspective, a concept usually referred to as ‘sea
level,’ as the children’s emphasis is on the position that colours symbolically
represented land.
Supporting Elkonin’s Principal Ways of Play as a Leading Activity
The children’s play in the AR Sandbox was found to align with Elkonin’s theorised
impacts of make-believe play on the development of higher mental functions (Bodrova
& Leong, 2015). In his monograph, The Psychology of Play, Elkonin identified four
essential characteristics of make-believe play: increased motivation, children postpone
immediate goals to accomplish long term goals; decentring to accommodate for
other’s perspective, children co-ordinate more than one role during their play; the
development of mental representations, children use objects that symbolically
represent real world objects; and the development of intentional behaviour, children
follow the rules of their play (Bodrova & Leong, 2015). All four of Elkonin’s theorised
impacts of play can be seen in two examples.
In the Small Worlds Play Vignettes, the imaginative aspect of the children’s Pyramid
World motivated their construction of three-dimensional shapes, revisiting the task
over multiple sessions. When adjusting their constructed pyramid’s spatial properties
for the inhabitants of their imaginary world, the children exhibited decentring to
accommodate for their peer’s perspectives. The development of the children’s mental
representations could be seen in their model’s indents that represented steps and
their holes that symbolised entrances. Finally, the children’s adherence to their
pyramid shape’s established properties and relations demonstrated the children’s
development of intentional behaviour.
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The Games Vignettes also described these four characteristics as the children used the
AR Sandbox to create a game with roles and rules, similarly to make-believe play. The
children sustained their engagement during multiple ‘rounds,’ motivated to build on
the strategies others had used earlier. To employ these strategies, the children were
required to shift their perspective between both the roles of hider and finder,
decentring from their own role. The development of mental representation can be
seen in the children’s use of the blocks as trophies. The children’s intentional
behaviour was identified in their ability to maintain the roles they had constructed as
both hider and finder.
Exploration-Play-Application Interactions with the AR Sandbox
Vandenberg introduced the concept that children behave in a similar sequence when
introduced to a new play setting. Children progress through a sequence of explorationplay-application, and should be provided with large amounts of time to allow the
opportunity for purposeful play (Vandenberg, 1978, 1984). This sequence highlights
the relationship between young children’s play with tools for “social development, tool
use, intentional activity” and general tool development (Vandenberg, 1978, p. 736).
This sequence was observed in many interactions with the AR Sandbox. The
Exploratory Play Vignette 1: Making Shadows captured the children’s exploratory
approach when the AR Sandbox was first installed in their class. In the children’s initial
exploration stage, they carefully approached the projector’s light, simply observing it.
They progressed into a play application where they placed objects underneath it to
interact in shadow play. The application stage could be understood through the
children’s explanation of the projections in Exploratory Play Vignette 4. Their
articulation highlights the increased complexity of their use with the AR Sandbox. The
children’s curiosity with the projections was described over four Exploratory Play
vignettes over an 8-week duration.
The progression of the children’s AR Sandbox use can also be seen over the two Games
Vignettes. The Games introduction explains how the children explored the use of the
AR Sandbox to hide objects. The children’s play progressed into the play sequence as
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they took turns in the roles of hider and finder. This example emphasises the final
stage of this sequence, as the children applied their understandings of the AR
Sandbox’s visualisations and incorporated them into their strategic game play. The
children’s use demonstrates the application of the AR Sandbox’s visualisations within
their game play strategies.
Summary
Across all findings, four commonalities were found to be supported. The socio-cultural
perspective of development was identified in the AR Sandbox’s influence on the
children’s thinking and also through the children’s practical use of the tool in problem
solving. The findings supported the Everyday Model of Spatial Development that
emphasises contextual observation to identify the children’s spatial thinking in their
play. Elkonin’s theorised four impacts of play were identified in the findings, leading to
children’s increased motivation, decentring, development of mental representations
and intentional behaviour. The children’s interactions with the AR Sandbox also
supported Vandeberg’s theorised sequence of play with tools, through exploration,
play and application.
Implications of Research for Practise
The findings from the current research have implications for both early childhood
educators and AR developers. It is suggested that educators embrace the children’s
diverse play with the AR Sandbox. The children’s play initiated a range of spatial
thinking activities that required problem solving skills and higher levels of thought.
From the position that children are active protagonists in their own learning, educators
need to first observe children’s development demonstrated in their play. Then,
educators can utilise the children’s interests and motivations as a vehicle for their
spatial development.
Educators could encourage the children’s use of the AR Sandbox as a tool for
representation of space by modelling local landforms. The Representational Play
Vignettes described how a child initiated the use of the AR Sandbox to model the
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nearby lake. The AR Sandbox was not used in isolation, but in collaboration with other
tools presented by the educator, to represent space such as aerial photographs, digital
cameras and physical experiences of real world locations. Educators should encourage
children to use tools in combination with one another to enhance spatial thinking
opportunities.
The findings also have implications for the developers of the AR Sandbox and
community of developers who use and modify the open-source software. The findings
indicate the potential for the tool to be used in the early years as it aligns with the
‘microworld’ concept. It is recommended that developers maintain the open-ended
nature of the tool, as young children can shape and design a world proximal to their
spatial development. The AR Sandbox is a captivating and engaging tool for young
children with contextual visualisations that influences how young children think about
space.
Both educators and developers should be cautious when utilising some of the AR
Sandbox’s additional features, like the water simulations. To ensure the characteristics
of the microworld are present, educators and developers need to maintain a small and
comprehensive domain that can be manageably investigated. Thus, both educators
and developers need to be mindful of the children’s exploration-play-application
sequence prior to the inclusion of additional features.
It is recommended that AR developers exploring future or alternative AR tools for play
in the early years should design with the affordances demonstrated by the AR Sandbox
in mind. The AR Sandbox sand interface encouraged tactile manipulation of an organic
material to open-endedly create and experiment with models. During their play with
the AR Sandbox, young children were immersed in the interactive and contextual
visualisations, which encouraged sustained engagement and imaginative play. Finally,
the size of the AR Sandbox allowed for the children to collaborate with others in play.
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Limitations of the Research
The research findings are subject to various limitations. These findings are relevant to
the socio-cultural context of the participant children, their development of spatial
thinking and the educational setting and it is not suggested that the findings can be
generalised.
The findings of this research are limited by the small number of participants. The
researcher purposefully selected four children within one class of the participating
school for the emphasis placed on play based pedagogy and the socio-cultural
philosophical context. Different children in different setting, using different
educational philosophies, could lead to other uses of the AR Sandbox being identified.
The changing observational role of the researcher between participant observer and
non-participant observer created another limitation of the study. It inhibited the ability
of the researcher to document findings when participating or the researcher’s ability
to participate when documenting. The children’s ability to capture photographs was
inhibited during their play with the AR Sandbox in the same way. This could also be
perceived as a positive as it allowed a perspective that moved between participatory
and reflective throughout the study.
The young children’s developing language was another limitation of the study.
Throughout the 8 weeks of data collection, the participant children described events
and/or their photographs. Their developing language may not have accurately
captured their meaning. Vygotsky (2012) theorises that children’s thinking and
language develop interdependently and that as language develops it shapes the
development of children’s thinking. Thus, children’s language organises their
experience and is central to their cognitive development during an ongoing process of
reorganising. From this perspective, the children’s developing language could be
perceived as a positive as their selected verbal expressions are an insight into their
development of thinking.
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Recommendations for future research
Further research in the field of early childhood education is needed to investigate
young children’s play with alternative spatially mapped projection AR tools. The
immersive, contextual, tactile, collaborative, interactive and open ended qualities
afforded by some AR tools, such as the AR Sandbox, may appeal to educators who use
play based pedagogies. In particular, AR tools that do not interfere with the children’s
direct manipulation of the real world objects (AR experiences that are not mediated by
screens) could be investigated. Research of young children’s uses of AR tools could
focus on alternative interfaces, the educator’s facilitation with the AR play activities,
and studying children’s sense of immersion with AR during play.
The inclusion of young children’s photography of their spatial thinking as a data
collection tool should be considered for future research. Photographs present the
children’s perspective in a highly accurate two-dimensional representation.
Participatory methodologies, such as the Mosaic approach, provide opportunities for
children to demonstrate their use of the camera as an expression of their
understandings. This trend should be reciprocated in spatial thinking research with
young children to empower their ability to portray visual perspectives.
A study of young children’s uses of the AR Sandbox for spatial thinking through play in
other socio-cultural contexts should be encouraged to generate more socio-culturally
diverse findings. Studies conducted in differing socio-economic, geographic, and sociocultural areas could find further uses of the AR Sandbox.
Concluding Comments
Theorists have identified that one of the most important impacts of play on young
children’s thinking is the development of mental images and symbolic representations.
These representations are fundamental to the development of children’s imagination
and abstract thinking. The AR Sandbox combines computerised spatial visualisations in
a physically manipulative interface which invites young children into a unique play
experience. AR provides a traditional play experience in the user’s physical world with
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additional mental images and symbolic representations. The children’s use of the AR
Sandbox embeds abstract spatial concepts, without interfering with their play
experiences.
Technology based visuo-spatial tools are increasingly common in western world
education. The children’s use of the AR Sandbox provides them with access to
culturally appropriate spatial informational systems and influences how they think
about space. Providing access to spatial information during play provides children with
opportunities to develop their spatial thinking.
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Appendix 1 – Augmented Reality Sandbox Supporting Documentation
Homepage for Augmented Reality Sandbox:
https://arsandbox.ucdavis.edu/
Webpage consisting of links to media article about
https://arsandbox.ucdavis.edu/info/media/
Video demonstrations:
https://www.youtube.com/watch?v=22e7_zAgGFM
https://www.youtube.com/watch?v=NorjCgY8Bj8
https://www.youtube.com/watch?v=nPba_9WzdjI
https://www.youtube.com/watch?v=UTB1roPJ4mc
Developer’s webpage:
http://idav.ucdavis.edu/~okreylos/ResDev/SARndbox/
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Appendix 2 - Concepts Associated with Spatial Thinking in Young Children, (adapted from
Cohrssen, Quadros-Wandor, Page and Klarin, 2017, p. 95).
Shape

- Identifying 2D and 3D shapes.
- Seeing connections between 2D and 3D shapes.
- Recognising shapes that have been mentally rotated, slid, flipped
or turned.
- Part–whole learning such as identifying a shape with one side
missing.
- Using blocks and pattern blocks to duplicate a design/picture.
- Composing and decomposing shapes to make different shapes.
- Matching shapes; comparing attributes of shapes of differing
sizes, orientations and rotations; increasingly matching a wider
variety of shapes to identify ‘same’, ‘different’.
- Comparing shapes with objects in the environment; composing
and decomposing shapes; comparing attributes of shapes and
recognising angles—perhaps referred to as ‘corners’.
- Naming shapes and attributes of shapes.
Spatial Visualisation - Remembering locations of objects.
- Taking the perspective of a person in a different location;
recognising that their view of an object may differ from his/ her
own.
- Visualising movement of one’s own body in space.
- Physically and mentally rotating an object or shape and
recognising that the object or shape retains its shape when rotated.
- Comparing, designing or creating objects.
- Copying a simple pattern of shapes after viewing it briefly;
identifying a simple pattern of shapes from a series of options after
viewing it briefly.
- Matching a shape with one side missing with one from a series of
options.
- Sliding, flipping or turning shapes to match a given shape.
- Recognising shifts in dimension: seeing connections between 3D
objects and 2D representations of objects.
- Representing a 3D object on a 2D surface.
- Creating and reading maps, graphs and other forms of data.
- Scaling up or down, imagining objects as proportionally larger or
smaller.
- Using non-verbal reasoning.
- Using locational and directional language; language of scale
(bigger, smaller, same as).
- Recognising relational position of building blocks/pattern blocks
and duplicating the ‘picture’.
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Spatial orientation

- Using environmental landmarks to locate objects.
- Orienting self in space.
- Keeping track of own position in relation to environmental
landmarks.
- Navigating and way finding.
- Locating objects using maps with pictorial clues.
- Using locational and directional language; language of scale
(bigger, smaller, same as).
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Appendix 3 – Sample of Hand-Written Notes from Observation
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Appendix 4 – Participant Cameras
This photograph captures the cameras used by the participant children during the study.
Each camera is numbered, made available during play sessions and stored in a location
accessible to the children.
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Appendix 5 – Summary of Participant Children’s Engagement with the AR Sandbox

Week1
Dry sand

Week2
Blocks

Photos: 0

Photos: 2

Wet sand
+
Dust Pans

Photos:
18

Dale
Week 5
Dinosaurs +
walk to
turtle
habitat

Week6
Cylinder
shapes locks
and water
functionality

Week7
Images of
pyramids + Pine
cones + rulers

Photos: 14

Photos: 8

ABSENT

Photos: 6

Little
dinosaurs
and tools
for
representat
ional
drawings +
Visit to
sculptures
+ water
functionalit
y
Photos: 18

Blocks and
water
functionalit
y

Shapes
discussion @
morning
meeting +
blocks as
tools

Cups + rulers +
still on
pyramids + lava
functionality

PVC pipes +
connectors

Photos: 7

Photos: 7

Photos: 3

Photos: 3

Week3
Went to
lake and
brought
back
natural
materials
Photos: 12

Week 4
Use of
blocks and
rope lights
to create a
City

Placed an
image of
Lake
Packard
above
sandbox

Egg
cartons

Photos: 16

Photos: 11

Week8
MUD DAY
OUT

Dale often expresses his thinking with poses and bodily actions to indicate to others around him. He has
a strong curiosity with the sandbox, as soon as he enters the class in the morning he heads over to it.
Dale spends most of the class time programmed for play at the AR Sandbox and regularly verbalises his
enjoyment of the space. He is close friends with Josie, who is equally interested in the AR Sandbox. He
comes in with his mother and younger sister late in the mornings and his mother enjoys spending time
within the class before right up until the morning meeting, when all parents leave. He engages in other
spatial activities, enjoys block play in the classroom and often talks about his Lego collection and
constructions at home. Dale is comfortable when playing individually but spends almost all of his time
playing with in partners or small groups. Dale often invites others around the AR Sandbox to join his play
and considers others ideas, visible from his ability to extend on others ideas.
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Week1
Dry sand

Week2
Blocks

Photos: 0
Wet sand
+
Dust Pans

Photos: 9
Placed an
image of
Lake
Packard
above
sandbox

Photos:
39

Photos: 18

Week3
Went to
lake and
brought
back
natural
materials
Photos: 9
Egg cartons

Photos: 17

Josie
Week 4
Week 5
Use of
Dinosaur
blocks and
s + walk
rope lights
to turtle
to create a
habitat
City
Photos: 5
Little
dinosaurs
and tools
for
representat
ional
drawings +
Visit to
sculptures
+ water
functionalit
y
Photos: 1

Photos: 7
Blocks
and
water
functiona
lity

Photos:
13

Week6
Cylinder
shapes
locks and
water
functionalit
y
Photos: 0
Shapes
discussion
@ morning
meeting +
blocks as
tools

Week7
Images of
pyramids
+ Pine
cones +
rulers

Photos: 22

Photos:
19

Photos: 6
Cups +
rulers +
still on
pyramids
+ lava
functiona
lity

Week8
MUD DAY
OUT

PVC pipes

Photos: 10

Josie is a timid member of the classroom who rarely shares her thoughts and ideas to the whole group
and prefers to share with the educators in smaller group. She shared that she loves digging and
constructing, explaining that she spent a lot of time in the block corner last year, enjoys playing in the
dirt outside and wants to be a builder when she grows up. She spends most of her time in small groups
with her close friend Dale, but is happy to work independently. Josie spends most of her time in class
around the AR Sandbox installation during the play sessions and seems to draw confidence around it as
she has initiated a few games that include larger groups of 4 or more in the same play.
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Photos:
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Packard
above
sandbox

Wet sand
+
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Photos: 0

Photos:
17

Week3
Went to
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Photos:
13
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Photos:
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Andy
Week 5
Dinosaurs +
walk to
turtle
habitat
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Cylinder
shapes locks
and water
functionality

Week7
Images of
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rulers

Photos: 0

Photos: 0

Photos: 20

Absent

Little
dinosaurs
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for
representat
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drawings +
Visit to
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+ water
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y
Photos: 3

Blocks and
water
functionalit
y

Shapes
discussion @
morning
meeting +
blocks as
tools

Cups + rulers
+ still on
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PVC
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Photos: 18

Photos: 0

Absent

Absent

Week 4
Use of
blocks and
rope lights
to create a
City

Week8
MUD
DAY
OUT

Andy is a thoughtful person who spends his time equally between his larger group of friends. He enjoys
time playing outside, joining in on others games and being physically active. Andy engaged with the
sandbox every week at least once, though he preferred to spend his time in larger open spaces where
he could exercise gross motor movements move freely. Andy spent the last two weeks of the data
collection period absent due to family commitments.
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Lucy
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Dry
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Week2
Blocks

Photos:
0
Wet
sand
+
Dust
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Photos: 9

Photos:
0

Week3
Went to lake
and brought
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materials
Photos: 0

Week 4
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Photos: 16
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Absent

Photos: 0
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image of
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Photos:
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water
functionality
Photos: 0

Blocks and
water
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discussion @
morning
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pipes

Photos: 0

Photos: 0

Photos: 0

Photos: 0

Lucy was a quiet girl who enjoyed individual play or small groups mostly inside. Her time was spent in
imaginary role play and using the costume box for dress ups. Lucy engaged with the sandbox
infrequently, playing at first a few times, but mostly engaging in the final few weeks of the study.
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Appendix 6 – Sample of Organisation of Themes Through the use of Mind Maps
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Appendix 7 – Theme and Vignette Mosaic Data Summary for Each Child Participant
Dale
Vignette

Observations

Child
Conferencing

Children‘s
Photographs

Researcher’s
Photographs

Educator’s
Perspective

Researcher’s
Perspective

Exploratory Play: The Light and its Space

Making
Shadows
The Sleepy
Brain

x

x

x

x

x

Making it
Green

x

x

x

x

x

Colours
out of
Control

x

x

x

x

x

Sandblocks

x

x

Games: Hiding and Finding
x
X

x

Sandblocks
Level Two

x

x

x

x

x

Representational Play: A Real Geography
x
x
x

Constructing
Lake
Packard

x

The Green
Hill

x

x

x

x

Finding the
Hill

x

x

x

x

x

x

x
x

Pumpkin
Perspectives
Taking Aerial
Photographs
Pyramids

x

Small Worlds Play Vignettes: Pyramid World
x
x

Pyramids
are Homes

x

x

Measuring
Pyramids

x

x

Four-toFloor

x

x

x

x
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x
x

x

x

x

x

Josie
Vignette

Observations

Child
Conferencing

Researcher’s
Photographs

Educator’s
Perspective

Exploratory Play: The Light and its Space
x
x

Making
Shadows

x

The Sleepy
Brain

x

x

Making it
Green

x

x

Colours
out of
Control

x

x

Sandblocks

x

x

Sandblocks
Level Two

x

x

x

x
Games: Hiding and Finding

x

The Green
Hill

x

x

Finding the
Hill

x

x

Pumpkin
Perspectives

x

x

x

Researcher’s
Perspective
x

x

x

x

x

x

x

x

x

x

x

Representational Play: A Real Geography
x
x

Constructing
Lake
Packard

Taking Aerial
Photographs

Children‘s
Photographs

x

x

x

x
x

x
x

x

Small Worlds Play Vignettes: Pyramid World
x
x
x

Pyramids

x

Pyramids
are Homes

x

x

x

x

x

Measuring
Pyramids

x

x

x

x

x

Four-toFloor

x

x

x

x

x
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x

Andy
Vignette

Observations

Child
Conferencing

Children‘s
Photographs

Researcher’s
Photographs

Educator’s
Perspective

Exploratory Play: The Light and its Space
x
x
x

Researcher’s
Perspective

Making
Shadows

x

The Sleepy
Brain

x

Making it
Green

x

x

x

x

Colours
out of
Control

x

x

x

x

x

x

x

x

Games: Hiding and Finding

Sandblocks
Sandblocks
Level Two
Constructing
Lake
Packard

x

The Green
Hill

x

Representational Play: A Real Geography
x
x

x

Finding the
Hill

x

x

x

x

x

x

Pumpkin
Perspectives

x

x

x

x

Taking Aerial
Photographs

x

x

x

x

x

Small Worlds Play Vignettes: Pyramid World

Pyramids
Pyramids
are Homes
Measuring
Pyramids
Four-toFloor

x

x
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Lucy
Vignette

Observations

Child
Conferencing

Children‘s
Photographs

Researcher’s
Photographs

Educator’s
Perspective

Researcher’s
Perspective

x

x

Exploratory Play: The Light and its Space
x
x

Making
Shadows
The Sleepy
Brain
Making it
Green

x

x

Colours
out of
Control

x

x

Games: Hiding and Finding

Sandblocks
Sandblocks
Level Two

Representational Play: A Real Geography

Constructing
Lake
Packard
The Green
Hill

x

Finding the
Hill
Pumpkin
Perspectives

x

Taking Aerial
Photographs
Pyramids

x

x

x

Small Worlds Play Vignettes: Pyramid World

Pyramids
are Homes
Measuring
Pyramids
Four-toFloor

Note that educator and researcher perspectives are only ticked if they were included
in the vignette. However, educator perspectives were always present, as they shared
information about the children with the researcher all the time. Children’s and
researcher photographs are ticked if they had taken photographs related to the
vignette, however, they may not have appeared in the vignettes as all photographs
could not be included.
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