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 ecological theory and its nested structure has been created to help preservice early childhood educators recognise the impacts these elements can have on the opportunities young children may have to demonstrate and develop their mathematical understandings.

Introduction

Educators are very much like researchers. They are constantly investigating how children's learning has developed and what, as educators, they can do to progress the children's understandings. This 'experimenting' takes place in the natural setting where learning occurs, and both the child and the educator inhabit. An early learning setting shares strong commonalities with everyday livesparticularly for very young children. In these settings, very young children's engagement with their environment is driven by what is of interest to them in the environment (Franze ń, 2015, p. 47).

Early learning environments should embrace children's agencythat is, they should support children, and very young children (aged up to three years), to have choice in what they doand the early childhood educator should take action to enable very young children to develop their sense of agency (Australian Government Department of Education [AGDE], 2022, p. 18) and to be able to enact that agency. This positions even very young children's capacity to have an impact on the world around them (AGDE, 2022, p. 38). In enabling young children's agency in early childhood mathematics, early childhood educators need to craft environments that create opportunities for very young children to demonstrate and develop mathematical understandings. Bronfenbrenner's (1977, pp. 518) description of ecological research focuses on the interactions that are possible, framing the relationships between all in the environment as not just one-way processes. The model based on this description and the nested structure used by Bronfenbrenner can help preservice early childhood educators interrogate the factors and elements that many impact on their creation of early learning environments and the opportunities present for very young children in that environment.

This paper builds on a presentation to the Mathematics Education Research Group of Australasia Annual Conference in 2022 [START_REF] Cooke | Repurposing Bronfenbrenner's ecological theory to focus on very young preverbal children's mathematical engagement[END_REF]. The presentation shared the conceptualised model based on [START_REF] Bronfenbrenner | Toward an experimental ecology of human development[END_REF] ecological theory and its nested structurenote that this version is used specifically due to the primacy of the nested structure. The aim of the reconceptualised model was to deconstruct the environment within which the young child resides to 'make visible' the elements of that environment and how they impact on each other and the child's opportunities to demonstrate and develop mathematical understandings. This paper outlines how the model can help preservice early childhood educators to identify the factors and elements they need to consider ensuring environments they create enable very young children to demonstrate and develop their mathematical understandings, as evident through the child's actions, interactions, intra-actions, and behaviours. [START_REF] Bronfenbrenner | Toward an experimental ecology of human development[END_REF] describes the ecological theory as nested structures comprising the microsystem, mesosystem, exosystem, and macrosystem. The microsystem is considered by Bronfenbrenner as the relationship that exists between the individual and the immediate setting within which the individual exists. He views the mesosystem as the interrelations amongst the various settings within which an individual exists. This would be age dependent as the age of the individual is connected to the settings within which they may be located. Bronfenbrenner depicts the exosystem as an extension of the mesosystem, expanding to include the social structures that can impact on the individual even though they are not part of the individual's immediate environment. He includes societal institutions, levels of government, media, and technology, and these would exist and operate in both a formal and informal way. Bronfenbrenner views the macrosystem as different to the other nested structures in that it imprints on each of the others, influencing all of them but not necessarily in an overtly visible way. He proposed that the influence can be ubiquitous, explicitly, or implicitly, underpinning the other nested structures like a blueprint; as such, it is able to motivate, carry information, or transmit ideology. Bronfenbrenner states that most macrosystems "are informal and implicitcarried, often un-wittingly, in the minds of the society's members as ideology made manifest through custom and practice in everyday life" (p. 515). He specifically refers to the impact the macrosystem has on children and those who care for them.

Bronfenbrenner's ecological theory

Repurposing Bronfenbrenner's ecological theory

In working with preservice early childhood educators, this model will focus on mathematical opportunities in the early learning setting (as shown in Figure 1). It positions the early childhood educator in terms of creating the settings in the environment for the very young child. These settings include not just the physical but also the temporal and social aspects.

The Microsystem

The microsystem of Bronfenbrenner's (1997) ecological theory is viewed as the very young preverbal child's engagement with their world within an early learning setting. This engagement needs to be intentionally observed by preservice early childhood educator otherwise it may not be seen. The visible activities that the preservice early childhood educator's attention can be drawn to include the child's behaviours, their actions, their interactions, and their intra-actions. Alsina and Berciano (2018, p. 6) consider behaviours as different to actions, positioning behaviours as composed of actions and identifying the actions (within the children's behaviours) as being indicators of the mathematics that the children may be engaged with. Actions differ to intra-actions as actions focus on what the child does, whereas intra-actions involve both the child and the structures around the child (Barad, 2007, p. 149). Whilst both interactions and intra-actions require a focus beyond the child, they are differentiated in this model -interactions involve an 'other' (such as a toy or the educator) in a more transactional nature of 'give and take'; intra-actions focus on all aspects of the environment in a continuing ebb and flow.

The Mesosystem

Within the model, the mesosystem becomes the preservice early childhood educators as they create the environment around the very young child. The preservice early childhood educator should consider the resources available (both those which are available for them to use as they create the early learning environments and the actual items they place within the environment), their beliefs about very young children's capacity to engage with mathematical understandings, their confidence in their role as an early childhood educator, their convictions regarding mathematics and learning mathematics, and their resilience to enact their vision to create opportunities for very young children to demonstrate and engage with mathematics and mathematical thinking. The preservice early childhood educators' beliefs are considered by Blömeke et al. (2018, p. 330) to be affective-motivational and related both to mathematics overall and learning mathematics. These beliefs can impact on the learning opportunities for the children the preservice early childhood educator will work with (Cohrssen & Tayler, 2016, p. 26). Likewise, beliefs about children's capacity to engage with mathematics will impact on what the preservice early childhood educator does (Schoenfeld 2019, p. 371)and if the preservice early childhood educator believes that very young children are unable to engage with mathematics, demonstrate mathematical understandings in their actions, or learn mathematical ideas, they will not create the opportunities for this to occur.

Cohrssen and Tayler (2016) found that opportunities for preservice early childhood educators to engage with hands-on resources that they may find beneficial for very young children might positively impact on the preservice early childhood educators' capacity to identify the mathematical understandings of very young children as well as their self-efficacy in terms of teaching very young children mathematics (pp. 31, 35). Cohrssen and Tayler (p. 30) also identify mathematical selfefficacy as a link that joins educator confidence with the quality of the opportunities created for children to learn concepts through interactions with the educator. In addition, preservice early childhood educators linked their self-efficacy and their confidence in identifying mathematical ideas (Cohrssen & Tayler 2016, p. 35)a skill that is critical for early childhood educators working with very young preverbal children. Alternatively, the preservice educator may have confidence in their own mathematical skills and understandings but lack confidence in their ability to teach mathematics to others (Gresham & Burleigh 2019, p. 223).

Beliefs, self-efficacy, and confidence are connected to educator convictions and resilience. Marshall and Swan (2008, p. 339) identify how educators' convictions impact on their persistence in enacting behaviours in mathematics education. White and Malkus (2019, p. 27) connect persistence to resiliency, describing resilience as a mechanism that enables persistence when negative circumstances have been experienced. Early childhood educators may need to have resilience in their beliefs and enact that resilience by convincing others (such as working together with them in the children's environment or the children's parents) of the veracity and appropriateness of their beliefs.

The Exosystem

As the exosystem is impacted by the macrosystem and the mesosystem [START_REF] Bronfenbrenner | Toward an experimental ecology of human development[END_REF], the preservice early childhood educator needs to consider what they view as important for the young child's engagement with mathematical understandings and the contextual beliefs that will impact the availability of suitable mathematical experiences for the young children. In the model, the exosystem reflects Barad's (2007, p. 149) description of discursive practices, "specific material reconfigurings through which 'objects' and 'subjects' are produced". Barad's (2007, p. 133) consideration of discursive practices incorporates more than language or words, it is "understanding thinking, observing, and theorizing as practices of engagement with, and as part of, the world in which we have our being". Discursive practices involve agency and a recognition of the intra-active nature of the relationship between the individual and the structures within which the individual resides (Barad, 2007, p. 149). It is how the unintelligible becomes intelligible (Barad, 2007, p. 149)that is, how understanding of the world moves from what is not understood to what is understood. In terms of the model, for a very young child, it is how they begin to understand the world constrained by the structures within which the very young child resides in the early learning environment.

Much as the EYLF (AGDE, 2022, p. 8) focuses on the importance of agency on behalf of the child and their opportunities to engage with learning, it considers the child's 'Becoming' as one of the required foci (the other two Belonging and Being) for early learning environments to set children up for success for life (p. 6). As part of developing agency, young children begin to understand how their world works and how to deal with new situations; they will start moderating risk in their decisions; and they will persist when a situation is challenging, and persevere when their initial attempts haven't worked (AGDE, 2022, p. 30). These skills and understandings lead to children becoming active and confident learners; in addition, all of these skills and understandings connect to mathematicsmaking predictions, using and creating patterns, identifying cause and effect, manipulating objects in their world, and creating theories to use when problem solving (AGDE, 2022, p. 53).

The Macrosystem

The macrosystem strongly influences all other structures within it. Preservice early childhood educator beliefs can be impacted by the context within which the preservice early childhood educator is situated (Whyte et al., 2018, p. 215). Whyte et al. (2018, p. 215) state that policies can impact on what the early childhood educator does in their learning environment with the children they work with, but that the interpretation of the policies will also be influenced by other factors (such as organisational context). The preservice early childhood educators' ideas on what mathematics to teach and how to teach it (Whyte et al., 2018, p. 216) are at the macrosystem level, as are expectations on the role of the early childhood educator in terms of mathematics (Whyte et al., 2018, p. 216).

The preservice early childhood educator also needs to consider whether they are anxious about engaging with mathematics. In their review of work on mathematics anxiety, Ramirez et al. (2018, p. 153) listed several points that would be relevant in terms of viewing the impact of the macrosystem, and these factors may impact on the preservice early childhood educator and their actions in creating an early learning environment. Specifically, these factors were cultural stereotypes; beliefs that the level of difficulty learning something will indicate the level of capacity to perform it; social interactions; the pedagogical approach to teaching mathematics; and misinterpretations of physical responses to be negative rather than positive, such as a faster heart rate indicating nervousness rather than anticipation or excitement (Ramirez et al., 2018, p. 153). These factors can influence how the preservice early childhood educator interacts with young children when engaged with mathematics (Ramirez et al., 2018, p. 157).

Likewise, the preservice early childhood educators will need to look at whether they accept or reject myths around mathematics and mathematical learning. Clements and Sarama (2018, p. 71) describe myths as potentially having some truth but, on the whole, not being correct and potentially harming young children. Clements and Sarama indicate that these myths are likely present in the community, but that early childhood educators need to work to address these myths. These myths are countered with considerations that show the wider area of mathematics that young children can engage with beyond just counting (p. 71); problem solving being part of learning about mathematics (p. 72); learning mathematics does not require worksheets, rather, it can be part of the young children's playing and incorporate the whole child (pp. 72-73); interactions with the early childhood educator and others are important, as is the capacity for the early childhood educator to observe and notice the mathematics the young children are engaged with, whether using concrete materials or not (p. 73).

Clements and Samara conclude with the statement that it is the educator that has the greatest impact but that the myths may hold the educator back (p. 74)to counteract this, preservice early childhood educator needs to interrogate their stance on these myths by exploring quality research and listening to expert practice to ensure they provide the best opportunities for young children (p. 75).

Using the model to help preservice early childhood educators

The nested structures format used for the model will help preservice early childhood educators conceptualise the elements that impact the opportunities the very young child has to engage with and demonstrate mathematical understandings (see Figure 2). As stated by Bronfenbrenner (1977, p. 514), these elements are what populate the child's immediate environment as well as impacting that environment. In the repurposed nested structure, the microsystem encompasses the elements of the very young child's engagement with their environment; the mesosystem incorporates the early childhood educator (as they make the decisions regarding the environment of the very young child); the exosystem contains discursive practices (Barad 2007, p. 149) evident within the early learning setting; and the macrosystem gathers the contextual beliefs regarding the capacities of very young children to demonstrate and engage with mathematical understandings.

One of the strengths of Bronfenbrenner's (1997, p. 518) ecological theory is his description of how it can highlight the discovery of what is occurring within and from the interdependent relationship between the elements of the nested structures (as evident by the arrows in Figure 2), as well as the increased likelihood that the main effects from interactions can be identified. Using Bronfenbrenner's ecological theory and its nested structures can create the opportunity for preservice early childhood educators to identify and consider the interrelationships between the factors in the nested structures and the elements within the nested structure, as well as reflecting Bronfenbrenner's (1977, pp. 518) framing of the relationships as not just one-way processes. As an example application, if the overarching contextual beliefs (macrosystem) are that very young children do not engage in mathematics or mathematical understandings, that language is required to demonstrate mathematical understandings, or that very young children may only engage in some areas of mathematics (such as counting), this will flow through the other nested structures. It will influence the discursive practices (exosystem) that are encouraged. The resources provided (mesosystem) and how the actions, responses, behaviours, and interactions of the very young child (microsystem) are viewed and interpreted will be impacted. Likewise, the preservice early childhood educators' confidence in their beliefs and resilience in their enactment (mesosystem) will impact the creation and development of discursive practices (exosystem), as well as be impacted in turn by the overarching beliefs about very young children and their capacity to engage in mathematical understandings (macrosystem). For the preservice early childhood educator, being able to identify where there is coherence and where there is discordance between their beliefs and the contextual beliefs within which they (and the learning environment and the children) are situated (the macrosystem) may help them interrogate their beliefs regarding the mathematical understandings of young children, and this may create greater confidence and resilience. This has the potential to improve the quality of the environments created by the preservice early childhood educators.

Conclusion

The model has been added to an early childhood mathematics education unit focusing on children aged birth to five years of age. The aim of this is to help preservice early childhood educators to reflect on their beliefs about very young children's capacity to engage with mathematical understandings, their confidence in their role as a preservice early childhood educator to enact their beliefs, and their convictions in and resilience of their beliefs and how they demonstrate their beliefs as a preservice early childhood educatorall of which are part of the mesosystem in the model. These elements all influence preservice early childhood educators' choices and actions in terms of resources and the opportunities created for very young children to demonstrate and engage with mathematics within their environment. The preservice early childhood educator needs to interrogate these affective-motivational (Blömeke et al., 2018, p. 330) aspects of their engagement with mathematics to determine whether they will help or hinder opportunities they will create for very young children, as evidenced by the children's actions, interactions, intra-actions, and behaviours.

Using the model will assist the preservice early childhood educators in incorporating the ideas regarding discursive practices contained within the exosystem in terms of how the young child uses their mathematical understandings in moving towards an understanding of their world (Barad, 2007, p. 149). In conjunction with the EYLF (AGDE, 2022, p. 6), the focus on the very young child engaging with and belonging, being and becoming in terms of their understandings, knowledge, and skills in the early learning setting, provides greater recognition of how young children's agency and intra-actions contribute to the opportunities for each child to demonstrate and develop further these understandings, knowledge, and skills. The model can help the preservice early childhood educator identify aspects of the skills, understandings, and knowledge within the discursive practices that connect to the very young child's demonstration of mathematical understandings such as prediction, patterns, and problem solving (AGDE, 2022, p. 53).

The final element of [START_REF] Bronfenbrenner | Toward an experimental ecology of human development[END_REF] nested structure is the outer structure, the macrosystem. In the model, the positioning of the macrosystem to encompasses the external context that can impact on the preservice early childhood educator, enables the preservice early childhood educator to focus on how policies and beliefs about mathematics and how to teach it (Whyte et al., 2018, p. 215) may be influencing their work with very young children. Likewise, cultural stereotypes and beliefs about learning and about mathematics (Ramirez et al., 2018, p. 153) can also impact the early childhood educator. Preservice early childhood educators need to examine and refute any myths that may stop them from providing the best opportunities for very young children to demonstrate, engage with, and develop mathematical understandings (Clements & Samara, 2018, p. 5). Being aware of what the external beliefs are, and how they may be influencing their actions, can assist preservice early childhood educators in determining whether these influences are productive elements of their role or are inhibiting the opportunities for young children to demonstrate and engage in mathematics.
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 1 Figure 1: The stratified factors within the nested structure of Bronfenbrenner's (1977) ecological theory This is similar to the elements that Schoenfeld (2020, pp. 359-360) lists as important for "in-themoment" decisionstheir knowledge and resources, their orientations regarding what matters, and their goals.

Figure 2 :

 2 Figure 2: Potential elements and their interactions within the nested structure of Bronfenbrenner's (1977) ecological theory
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