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Abstract This chapter presents a critical review and celebration of the most significant Australasian early 

childhood mathematics education research that has been published over the period 2016-2019. We utilise the 

internationally-accepted definition of ‘early childhood’ as the age range birth to eight years, encompassing prior 

to school settings, school settings, as well as home and community contexts. Eminent scholars in the field have 

undertaken the research presented in this chapter in conjunction with a range of stakeholders in early childhood 

mathematics education, including teachers, families and children. This chapter is structured according to six key 

themes which emerged from the preliminary analysis and categorisation of the current research across the 

Australasian region; namely: Mathematics content; Curriculum, policy and assessment; Aspects of teaching and 

learning; Home and prior to school contexts; Australian and New Zealand Indigenous education; and Emerging 

areas of research. Indeed, this review highlights several very promising new areas of research, for example: 

mathematics education for children aged birth to two years; and innovative research methodologies such as 

‘camera glasses’ and ‘trolley cams’ utilised in everyday context. The new areas discussed in this chapter highlight 

the growing interest in, and opportunities for, research in the early years space. However, with the emergence of 

new areas of research there has been a decline in other areas such as pattern and algebra, geometry, and length 

measurement. From the synthesis of the research literature the following findings are evident. First, young children 

are often capable of mathematical thinking from a very early age, which suggests a mismatch between the intended 

curriculum and children’s capabilities when they start school. Second, the current education policies within 

Australia and New Zealand have yet to bridge the mathematical transition from early childhood settings to school. 

Third, the contrast between a holistic appreciation of the mathematics surrounding children in prior to school 

settings is in stark contrast to school settings where mathematics is formalised and segmented and less richly 

experiential. The chapter concludes with a discussion of recommendations for future research in this field. 

 

Keywords  Assessment of early mathematics learning; Early childhood curricula; Mathematics content; 

Mathematics curricula; Pedagogies in early childhood mathematics; Transition to school; Young Indigenous 

mathematics learners 

 

 

1 Introduction 

 

Early childhood mathematics education research is burgeoning in Australasia and 

internationally, and this is reflective of the recent injection of National government funding 

in this area. While the national curriculum for prior to school in Australia and the continued 

influence of Te Whariki in New Zealand have stimulated research in the field, the political 

initiatives in early childhood education make research findings in the field particularly 

relevant for our future planning in early childhood mathematics. A distinct feature of this 

chapter is the proposal of an alternative title to “Mathematics Education in the Early Years” 

which implies the focus is solely on 3 to 8 year-olds, and emphasises 'formal' contexts (e.g., 

school) over 'informal' context (e.g., home). This alternative title is broader and provides more 

consideration to future mathematics research in the birth to three-year old space. While 

building on the work of equivalent chapters in previous editions of RiMEA, the structure of 

the chapter highlights the research and policy developments, as well as emerging research 
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initiatives related to, for example, birth to two years, cognitive development, and innovative 

research methodologies. 

 

As was the case in the previous RiMEA, we again celebrate the contributions of Australasian 

early childhood mathematics education researchers to three significant books focused on 

mathematics in the early years: Contemporary research and perspectives on early childhood 

mathematics (Elia, Mulligan, Anderson, Baccaglini-Franks, & Benz, 2016), Engaging families 

as children’s first mathematics educators (Phillipson, Gervasoni, & Sullivan, 2017), and 

Forging connections in early mathematics teaching and learning (Kinnear, Lai, & Muir, 2018). 

These texts are collections of international research edited by members of Mathematics 

Education Research Group of Australasia (MERGA), demonstrating the leadership of 

Australasian researchers in the field of early childhood mathematics education. In addition, 

the location of papers accepted and published in refereed journal in this review period varied 

widely in terms of likely audiences and methodological approaches. Some were aimed at the 

mathematics education community (e.g., Educational Studies in Mathematics; Mathematics 

Education Research Journal; Mathematics Thinking and Learning; ZDM Mathematics 

Education); the early childhood community (e.g., Asia-Pacific Journal of Research in Early 

Childhood Education; Australasian Journal of Early Childhood; European Early Childhood 

Research Journal; Journal of Early Childhood Research); the educational research community 

more widely (e.g., Journal of Educational Psychology; Learning and Instruction; New Zealand 

Journal of Educational Studies; Statistics Education Research Journal) and those beyond the 

education research community (e.g., Frontiers in Psychology; Journal of Experimental 

Psychology; Social Science and Medicine). Such an extensive distribution reflects the quantum 

of early childhood mathematics education research emanating from Australasia in recent 

years.  

 

The chapter is structured according to six key themes, which emerged from the preliminary 

analysis and categorisation of the current research across the Australasian region. These 

themes are: Mathematics content; Curriculum, policy and assessment; Aspects of teaching 

and learning; Home and prior to school contexts; Australian and New Zealand Indigenous 

education; and Emerging areas of research. Within these themes subheadings have been used 

to indicate specific foci in each area. For example, within the theme of mathematics content 

there are subthemes related to number, statistics and probability, and measurement. In some 

instances further categorisation was warranted to indicate specific foci. For example, studies 

within number there are three categories: classroom based research; cognitive science 

research; and system-based research.  

 

Much of the material reviewed in this chapter is generally considered only once; that is, only 

under one heading or subheading - even though a close read of the work might reveal that an 

alternative categorisation would not be unreasonable. Due to the nature of some studies 

some overlap is unavoidable. For example, both assessment and pedagogies are referred to 

across themes and subthemes. While the articles reviewed in this chapter are relatively evenly 

distributed, the largest groups appear within the Mathematics Content section, and the Home 

and Prior to School Contexts section. Similarly, across the chapter some studies are reviewed 
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in greater depth than others due to the nature of the studies. Interestingly, since the last 

review, we could not identify any empirical studies in the early years focused on geometry. 

We suggest that this might be a fruitful area of focus for Australasian early childhood 

mathematics researchers in the near future, particularly given the recent work of Lowrie and 

colleagues, in particular, exploring the links between spatial reasoning and mathematics (see 

Chapter 10, this volume). 

 

2 Mathematics Content 

 

In order to highlight the coverage of research across different content areas in the early years, 

this section of the review is devoted to mathematics content. The section has been divided 

into three subsections: number, statistics and probability, and measurement. The titles of 

these subsections are indicative of the content areas that have been the focus of research. 

The majority of studies in the early years with a specific content focus have related to number, 

with a smaller number of studies relating to statistics and probability, and measurement.  

 

2.1 Number 

 

There have been a number of studies undertaken within the MERGA community that have 

considered the learning of number in the early years since the previous review. Such studies 

can loosely be categorised into three methodological orientations: classroom-based research, 

cognitive science based research and large-scale research. 

 
2.1.1 Classroom-based research 

The first methodological orientation considered in the number sub-section is classroom-

based research. Several classroom-based research studies have been published since the 

previous review. Generally, these studies have focused on observing and/or developing 

teacher professional knowledge and behaviour, and how this connects to the student learning 

experience.  

 

Adams (2018) explored the collaborative learning, teaching and assessment of two five year-

old children (Mary and Bill) in an Australian international school setting as they engaged with 

mathematical ideas. The specific focus of her study was on the children’s conceptual 

understanding of addition as gleaned through observing their interactions across a range of 

classroom experiences. Using observational techniques (e.g., field notes, video), Adams found 

that although both students were already fluent in adding numbers to 10, Mary acted as the 

more knowledgeable other to support Bill’s developing understanding of addition within his 

zone of proximal development. However, according to Adams, the teacher remained unaware 

that Mary was supporting Bill in this manner, and tended to group both students together as 

highly able. This issue was further compounded by the limited nature of the formal 

assessment that concluded the unit of work, which involved closed tasks that were 

insufficiently challenging; that is, rather than focusing on Mary and Bill’s potential as learners, 

the assessment was focused on “yesterday’s development” (Vygotsky, 1987, p. 211, cited in 
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Adams, 2018). Adams concludes that it is critical that teachers understand the power of the 

zone of proximal development to foster learning during peer interactions.   

 

The apparent teacher-centred practices observed by Adams (2018) contrasts notably with the 

pedagogical approaches adopted by the teachers in Cheeseman’s (2018) study. Cheeseman 

presented two illustrative vignettes developed from the classrooms of foundation teachers 

identified as being highly effective. Her particular focus was on how such teachers use 

particular pedagogies to build a community of learners, including: the use of questioning to 

elicit student thinking, refraining from ‘telling’ children what to do, supporting children to 

reason mathematically, and encouraging children to engage critically with the mathematical 

ideas presented by their classmates. Cheeseman found that both teachers used these 

aforementioned pedagogies to become genuine participants in the mathematical inquiry 

taking place in the classroom. She concluded by offering three recommendations for 

classroom practitioners based on her work with highly effective mathematics teachers. 

Teachers should endeavour to “plan time for close mathematical conservations with children, 

expect thinking of children, including conjecturing, reasoning, justifying, and consider tasks 

and their potential to engage and extend children’s thinking” (Cheeseman, 2018, p. 22).  

 

Bicknell, Young-Loveridge, and Nguyen (2016) provided further evidence that including 

challenging mathematical tasks and adopting ambitious pedagogical approaches when 

working with young children can lead to substantial learning benefits. Adopting a design-

based research methodology where the research team worked in collaboration with the 

classroom teacher to develop and deliver an instructional sequence, Bicknell et al. (2016) 

investigated the impact of introducing five year-old New Zealand children in their first year of 

schooling to multiplication and division problems. The experienced teacher participating in 

the study had not previously explicitly introduced problems with this structure to children of 

this age group. The instructional sequence used in the project with 15 participating children 

emphasised the design and ordering of tasks, the importance of (multiple) representations 

for supporting children’s thinking, and the role of the teacher in supporting student discourse, 

and the development of the classroom mathematics registrar. Pre-post comparisons 

indicated that participating in the instructional sequence resulted in substantial 

improvements in student mathematical performance. The authors concluded that these 

findings challenge the assumption that addition and subtraction instruction should precede 

multiplication and division, and suggested there are benefits to exposing students to 

mathematical problems with these ostensibly more complex structures at younger ages, than 

is normally indicated in curriculum documents. These findings and conclusions have been 

reiterated by these authors in more recent studies (Young-Loveridge & Bicknell, 2018). When 

reflecting on the success of the project, the authors concluded that design-based research 

can support rich, deep teacher-researcher collaborations that deliver a range of benefits to 

all stakeholders (Bicknell & Young-Loveridge, 2017).  

 

Like other papers discussed in this subsection, Bobis, and Way (2018) emphasised the 

important role of the educator or teacher in supporting the student to reason mathematically 

when presented with a challenging mathematical task. The authors presented a classroom 
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episode that sought to illustrate the role student-generated representations play in their 

mathematical development. They illustrated how exposure to a partial array to solve a 

problem (how many textbooks can we fit on this table, with no overlap and leaving no gaps) 

prompted a five year-old child, Emma, to draw a picture to represent the problem situation. 

Emma’s decision to draw a picture was driven by the very practical constraint that there were 

insufficient textbooks to cover the entire table. The picture created by Emma transformed 

the partial array into a complete array, and noted how many textbooks there were in each 

row (12) and column (5). Using a counting by 5s strategy, Emma worked out that 60 textbooks 

were needed to cover the table. It was noteworthy that the fact that Emma was unable to 

completely model the problem situation appeared to prompt her to adopt a more abstract, 

explicitly mathematical representation. Beyond the choice of task and materials, the teacher 

also supported Emma to articulate the connection between her pictorial representation and 

the underlying mathematical structure of problem situation she was representing.   

 
2.1.2 Cognitive-science based research 

The second methodological orientation considered in the number sub-section is cognitive 

science based research. Australian-based researcher Robert Reeve has published a series of 

studies with colleagues (Jacob Paul in particular) examining the relationship between several 

specific mathematical abilities and mathematical performance. In contrast to the classroom-

based research described previously, these studies are instead very much within the domain 

of cognitive science. 

 

Chew, Forte, and Reeve (2016) undertook a study examining the relationship between non-

symbolic (e.g., •• vs. ••••••) and symbolic (e.g., 2 vs. 6) magnitude judgement abilities in 

young children. Although symbolic magnitude judgement and mathematical ability more 

generally are consistently found to be positively correlated, previous research has presented 

conflicting evidence regarding the extent to which these two constructs are related to non-

symbolic magnitude judgement. The authors contend that different learner profiles may 

account for these ambiguous relationships. Through utilising latent profile analysis with a 

sample of 124 children (5 to 7-year-olds), it was revealed that children with an imbalance 

between their symbolic magnitude abilities and their non-symbolic abilities tended to 

demonstrate lower levels of mathematical performance. That is, the learner profile 

characterised by children who were substantially more proficient in identifying the larger of 

two digits (symbolic magnitude ability) than in identifying the larger of two quantities (non-

symbolic magnitude ability) were less accurate with single-digit addition problems and when 

required to read multi-digit numbers. Likewise, the learner profile characterised by children 

who were substantially more proficient in identifying the larger of two quantities than in 

identifying the larger of two digits also demonstrated lower levels of accuracy on addition and 

place-value assessments. The implication is that an asymmetrical development between the 

development of symbolic and non-symbolic magnitude abilities is problematic; and that both 

these abilities are therefore important to the undertaking of more complex mathematical 

tasks. 
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There is further evidence in support of the idea that non-symbolic magnitude processing is 

related to early mathematical performance; in this instance, number fact retrieval. Adopting 

a longitudinal design, Paul, Gray, Butterworth, & Reeve (2019), assessed 267 six year-olds (at 

Time 1), across a two- year timespan to explore the interrelationships between general math 

and reading ability, core number abilities (dot enumeration tasks, number comparisons tasks) 

and early mathematical competence (single-digit addition facts, reading multi-digit numbers). 

They found that general mathematical ability and performance on dot enumeration tasks 

predicted speed of addition fact recall, whilst general mathematical ability and general 

reading ability predicted success with accurately reading multi-digit numbers.  Similarly, 

Reeve, Gray, Butterworth, and Paul (2018) provide further evidence that subitising is linked 

to efficient single-digit addition strategies and extend this finding to incorporate multi-digit 

addition strategies. 

 

Paul and Reeve (2016) investigated the strategies children adopted when confronted with 

single-digit addition problems. They were interested in ascertaining whether the types of 

strategies children employed reflected differences in general reasoning and/or cognitive 

abilities, or whether they were uniquely tied to their skill with solving single-digit addition 

problems. They found that the tendency to utilise more sophisticated single-digit addition 

strategies (e.g., retrieval and decomposition) was related to visuospatial reasoning, 

suggesting that reasoning should be considered alongside visuospatial working memory as an 

important predictor of early mathematical performance. Related research has found that the 

primacy of visuospatial reasoning for supporting efficient addition strategies is robust across 

cultural groups, including Indigenous children living in remote communities (Reeve, Reynolds, 

Paul, & Butterworth, 2018). 

 
2.1.3 Large-scale research 

The third methodological orientation considered in the number sub-section is large-scale 

research related to sector programs or initiatives. Two notable studies have been included in 

the review. Although both these studies can be broadly described as large-scale research, the 

focus of the research and methodologies differ significantly.  

 

Gould (2017) explained the difficulties of learning the counting sequence in English, 

particularly in contrast to many Asian languages. For example, it has been claimed that 

English-language speakers effectively need to learn 20 discrete terms to count to 20, whereas 

Chinese-based languages generally require knowledge of only 10 discrete terms in order to 

count to 99 (Fuson, 1988, cited in Gould, 2017). However, Gould noted that further research 

is needed into understanding how children’s counting develops over time, particularly in 

relation to refining the teaching-learning paths that best describe how English-language 

speaking children acquire the oral count. To address this issue, he undertook a longitudinal 

analysis of over 800 Australian students to examine how their highest oral count evolved over 

their first three terms of schooling. He found that, contrary to previous research with smaller 

samples of children (e.g., Siegler & Robinson, 1982, cited in Gould, 2017), there was evidence 

that children did not learn the teen numbers discretely, instead relying on semi-regular 

patterns when possible (e.g., the numbers 16 to 19).  
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An important finding from Gould’s (2017) study is the need to distinguish between what he 

terms “rest points” and “hurdles” when considering the decade numbers and the numbers 

immediately preceding decade numbers (p. 102). Specifically, the first two decade numbers, 

10 and 20, are best understood as rest points, as far more students extinguished counting on 

these numbers than on the number immediately preceding them (9 and 19). Gould notes that 

in the case of 10 and 20, it is (for some students) “as if the counting has arrived at a destination 

point” (p. 103). By contrast, entering the next two decade numbers, 30 and 40, are best 

understood as hurdles; considerably more students extinguished counting on the preceding 

numbers (29, 39) than on the decade. Similarly, 100 presents as a rest point, whereas the 

transition from 109 to 110 is another notable hurdle, as is the transition from 199 to 200. 

Gould suggests that such hurdles can be understood as “missing terms in a pattern that is yet 

to be observed” (p. 105). Gould also noted that, at times, apparent hurdle numbers (e.g., the 

transition from 29 to 30) are better understood as “potholes” (p. 108); if the student is 

corrected or supported to state the next number in the sequence, they can continue counting 

far beyond this number (e.g., to 100). The presence of potholes suggests that the student has 

knowledge of the relevant patterns, and can benefit substantially from explicit targeted 

teaching to address this gap in their knowledge. 

 

The other study was undertaken by Gervasoni, Roche, Giumelli, and McHugh (2019), and 

involved assessing the impact of the Extending Mathematical Understanding (EMU) 

intervention, designed to support students vulnerable in the early years of schooling. The 

authors found that the 342 Year 1 children who participated in the program across the course 

of a year were less likely to be vulnerable in at least one of the four number learning domains 

(counting, place value, addition & subtraction, multiplication & division). Moreover, although 

the mean number domains in which they were vulnerable remained higher than for non-EMU 

participants, the gap had closed substantially compared with the difference prior to the 

intervention. It can be suggested that the EMU intervention, and similar approaches focused 

on addressing learning gaps through targeting conceptual understanding, have substantial 

potential to reduce the tail of under-achievement in mathematics. 

 

2.2 Statistics and probability 

 

Following the trend from the previous RiMEA, statistics continue to be a focused area of 

research in early childhood mathematics education, as researchers recognise that young 

children can engage with sophisticated ideas of statistical inquiry (Fielding-Wells, 2018); 

informal inferential reasoning (Maker, 2016, 2018; Oslington, Mulligan, & Van Bergen, 2018); 

and variation (Watson, 2016). A common thread throughout these studies was a focus on real 

life contexts or the use of picture storybooks as a stimulus for statistical inquiries (Kinnear, 

2018). While Makar (2016) maintains that inference is at the heart of statistics, work in 

statistical inference is least understood in the early years, where children have had little if any 

experience with data handling. Fielding-Wells (2018) purported a similar view, that statistics 

is most commonly taught superficially and limited to the collection of data, construction of 

simple data representations and a literal reading of the information represented. 
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2.2.1 Inferential reasoning and Statistical inquiry 

Makar and colleagues interpret informal statistical inference as distinct from (formal or 

informal) descriptive statistics as a claim that includes three characteristics: make a prediction 

that extends beyond the data set, use data as evidence of that prediction, and articulate their 

predictions with uncertainty (Makar & Rubin, 2009). Recent studies in Australasia indicate 

that some children in the early years of schooling are capable of inferential reasoning 

demonstrated by their ability to analyse complex data sets and engage in data modelling (e.g., 

English, 2013; Kinnear, 2013; Makar, 2016; Mulligan, 2015; Oslington et al., 2018).  

 
2.2.1.1 Inferential reasoning 

Informed by previous work on informal inferential reasoning (English, 2013; Makar, 2014) 

Makar (2016) undertook an exploratory longitudinal study to investigate Foundation (5 

year-olds) and Year 1 (6 to 7 year-old) children’s emergent informal inferential reasoning in 

statistics in a supported inquiry-based environment. The study involved two phases: the first 

phase (Foundation children) was on sense making rather than formal knowledge, with the 

aim to build the skills that would support informal statistical inference and scaffold 

children’s use of probabilistic language; the second phase (these children in Year 1), with 

the aim to engage them in an extended statistical investigation in which they were 

encouraged to make data-based inferences in an inquiry-based task. In both phases, Makar 

(2016) identified evidence of the aforementioned three characteristics required for making 

informal statistical inferences, identified by Makar and Rubin (2009). However, her findings 

indicated that informal statistical inference requires several skills and understandings 

beyond those characteristics, such as, “articulating observations, recording, organizing data 

using invented methods, working with data aggregates, and engaging with the variability of 

data” (p. 18). Furthermore, at 5 to 6 years of age these skills are informal and apply to both 

descriptive and inferential statistics, and to determine any relationship between the two, 

Makar (2016) indicated that additional research is required. 

 

Oslington et al. (2018) also explored young children’s reasoning through data exploration, 

specifically related to mathematical model building and data interpretation, using nine high-

ability Year 1 students over the course of 16 lessons. The findings indicate that these young 

children were capable of developing and applying a model using a complex undefined set. 

However, as was the case in Makar’s (2016) study it was necessary to devote time to 

foundation skills for predicting, checking and developing inferential reasoning. While 

Oslington et al. acknowledge a limitation of the study was the small sample size that focused 

on highly gifted children and as such the findings are not generalizable, their findings are 

consistent with those of earlier studies, and indicate that the capacity of Year 1 students in 

regular classrooms is underestimated. They concur with others (e.g., English, 2013; Makar, 

2014, 2016; Makar & Rubin, 2009; Mulligan, 2015) that “incorporating modelling activities 

into the early years of schooling to develop rule-based models and reasoning skills …is critical 

to advancing students’ critical numeracy capabilities” (Oslington et al., 2018, p. 210). 
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2.2.1.2 Statistical inquiry 

In relation to statistical inquiries, Fielding-Wells (2018) acknowledged that recent research 

indicates that young children (5 to 6 year-olds) can engage in statistical inquiries (Fielding-

Wells, 2010; Fielding-Wells & Makar, 2013; McPhee & Makar, 2014). However, little research 

had been undertaken related to how teachers scaffold children in their initial inquiries.  

 

Fielding-Wells (2018) argued that to implement statistical inquiries requires a pedagogical 

shift in teacher practice, from a teacher-led approach focused on data collection, display and 

literal interpretation, to a rich inquiry approach which involves the use of an “investigative 

cycle” (p. 111). She examined the ways in which a teacher, experienced in using an inquiry 

approach, facilitated a statistical inquiry with very young children (5 to 6 year-olds). The aim 

of her study was to gain insights into the scaffolding practices the teacher used to engage the 

children with ill-structured statistical problems using the statistical inquiry process. The 

findings indicated the teacher’s use of questioning and feedback were the main means of 

scaffolding the children’s learning through the statistical inquiry process. While it was possible 

to measure the amount of teacher scaffolding in relation to contingency (type, timing and 

strength of support) in a single unit of work, Fielding-Wells (2018) acknowledged it did not 

provide a realistic measure of fading (support is gradually withdrawn) or transfer 

(accountability is shifter to the learner); to do so requires a longitudinal study. The findings 

also revealed that a shift to statistical inquiry requires teachers to have a good foundation in 

the process of statistical inquiry, knowledge of statistics, and facility with scaffolding children 

through the process. Several future research opportunities were identified from the study 

including: a focus on insights into teacher scaffolding of statistical inquiry, and “the 

identification of mechanisms for teachers to identify class ZPD accurately so as to provide the 

least amount of support necessary to progress students” (Fielding-Wells, 2018, p. 126). 

 

In contrast, Makar’s (2018) statistical inquiry of younger children (4 to 5 year-olds), focused 

on the use of a problem context as a scaffold for working with powerful statistical ideas and 

structures. More specifically, she explored the theoretical notion of “statistical content-

structures”, which typify the specific features of problem contexts that can create 

opportunities for children to “engage with key statistical ideas and structures (concepts with 

their related characteristics, representations and processes)” (p. 4). The teacher in the study 

chose a person problem context (eye colour) to scaffold and informally introduce the five 

statistical ideas and structures: variability, aggregate, population, data and representation, 

which are essential foundations for understanding statistical concepts and practices. Makar’s 

analysis included a mapping of the context elements illustrating the children’s emerging 

reasoning about the context and the related statistical structures they engaged with, albeit 

informally at this stage. Makar (2018) maintained that the purpose of the study was not to 

provide evidence of individual success, but to expose and engage young children in 

experiences in which they can reason with powerful statistical structures and to show that 

the problem context can be a powerful scaffold for young children’s learning.  
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2.2.2 Variation  

 

Watson’s (2018) study explored the concepts of variation and expectations with seven 6 year-

old children (five boys, two girls) in a Foundation class (first year of school) using four 

interview protocols (lollies, book reviews, transport, and weather) that she had devised and 

used with older students. Her study was informed by a claim she made in an earlier study 

(Watson, 2005), in which she indicated that children begin to develop the concept of variation 

much earlier than is traditionally taught. Traditionally, measures associated with expectation 

(e.g., mean) are introduced before measures of variation (e.g., standard variation).  

 

Student interview data were analysed in relation to their understanding of data, “variation 

(capacity to describe variation in the data presented or created) and expectation (use of 

variation implicitly or explicitly in the context to make predictions that reflect meaningful 

expectations)” (p. 63). The results indicate that children’s familiarity with the context 

influenced their ability to understand the questions asked, and while the children had an 

understanding of the variation in outcomes, they did not have the language to explain the 

random behaviour. However, some children’s reasoning was restricted to the context of the 

protocol presented, rather than on the data, which Kinnear (2013) referred to as abductive 

reasoning. For example, with the book and transport protocols children’s expectations 

expressed as predictions were based on imaginary situations, within or outside the context, 

rather than based on reasoning associated with the data. Reasons for this include lack of 

familiarity with the library and characters in a book, and awareness of the route to school or 

time taken to travel to school.  Examples of this were evident in earlier studies (e.g., Ben-Zvi, 

Aridor, Makar, & Bakker, 2012), and suggest that young children’s thinking progresses from 

“imaginary reasoning” outside of the context presented, to “abductive reasoning” using only 

the context presented, to early “statistical (or inferential) reasoning using the data within the 

context in decision-making” (Watson, 2018, p. 71). As variation was prevalent throughout the 

interviews, more so than expectation, Watson (2018) posited that variation is the foundation 

of all statistical inquiry, which supports her earlier claim that an appreciation of variation is 

the starting point for children’s engagement with the practice of statistics (Watson, 2005). 

Further research with young children is needed to ascertain this suggested pathway and ways 

to scaffold children into the “practice of statistics” (Watson, 2018, p. 71). 

 

2.2.3 Context of picture storybooks  

 

Kinnear (2018) reported a small study with 5 year-old children, in which she used picture 

storybooks to fulfil two contextual roles: as a “data context” and as “task context” for 

statistical problems and statistical problem solving. The findings indicated that some of the 

picture storybooks stimulated both affective and cognitive interest in the data context and 

task context of the modelling activities related to a statistical problem. However, Kinnear 

acknowledged that finding suitable children’s literature to support young children’s statistical 

learning was problematic for teachers and researchers and recommends that further research 

on the characteristics of picture storybooks that stimulate interest in both data context and 

task context, is required.  
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2.3 Measurement  

 

Since the previous review period, research within Australasia about young children’s 

measurement understandings has continued to predominately relate to mass. However, 

there is an emergence of research on time (MacDonald & Murphy) and on using 

measurement as a context to explore young children’s number learning (Cheeseman, Benz, & 

Pullen, 2018). Cheeseman and colleagues have been the main researchers in this area along 

with MacDonald and Murphy. In relation to mass measurement, Cheeseman and colleagues 

continued to explore young children’s understanding of mass measurement across two 

different, but related studies (Cheeseman & McDonough, 2016; Cheeseman, McDonough & 

Golemac, 2017) that build on their earlier work (Cheeseman, McDonough, & Clarke, 2011; 

Cheeseman, McDonough, & Ferguson, 2014).  Three foci were evident in these studies:  use 

of measuring instruments; investigative play; and role of the teacher to elicit children’s 

mathematical reasoning. MacDonald and Murphy’s (2018) study on time focused on 

children’s understanding of clocks and the structural features of an analogue clocks. Common 

to the mass and time studies was a focus on children’s perceptions, representations and 

understanding of the tools used to measure.  

 
2.3.1 Measurement as a vehicle for number learning 

Drawing on their collective research in measurement and recognition that mathematical 
concepts develop from an early age, Cheeseman, Benz, and Pullen, (2018) designed an 
intervention program focused on measurement, which replaced the traditional number 
program. Their justification for such a study was threefold: first, young children’s early 
mathematical experiences are often in real-life measurement contexts; second, young 
children have intuitive and informal capabilities in spatial and geometry concepts as well as 
numeric and quantitative concepts; and third, mathematics learning in pre-school is in stark 
contrast to that of school, where it is heavily number based.  
 
The year-long design research project was conducted in a Foundation classroom by two 
teachers with 40 children (5-6 year olds) entering their first year of formal schooling. The 
majority of children were from low socio-economic backgrounds, and a high proportion came 
from non-English speaking backgrounds and newly arrived migrant families. Results of the 
one-to-one interviews on number concepts indicated an improvement in children’s counting 
and place value number knowledge, within a measurement-based program. In fact, students 
performed better than the control group on place value, which Cheeseman et al. (2018) 
attributed to the need to use larger numbers in the measurement context. The findings also 
indicated that a core of children could not verbalise the number sequence to 20 at the end of 
the year, which Cheeseman et al. contend is a “fluency skill that can be developed with 
practice” (p. 113). Despite the results related to children’s counting skills, Cheeseman et al. 
maintained that providing a measurement-focused program allowed the children to explore 
number in meaningful ways, and stimulated some children to go beyond the intended 
curriculum in relation to measurement outcomes (use direct and indirect comparison), to 
understanding iteration of units; and quantifying and comparing measures. This study raises 
several issues related to the type of mathematics experiences young children have in their 
first year of schooling, and how best to cater for children from disadvantaged backgrounds 



Downton et al.                                           Mathematics learning and education from birth to eight years 

who may also be linguistically disadvantaged.  
 
2.3.2 Mass measurement 

In relation to mass measurement, Cheeseman and colleagues continued to explore young 
children’s understanding of mass measurement across two different, but related studies 
(Cheeseman & McDonough, 2016; Cheeseman, McDonough, & Golemac, 2017) that build on 
their earlier work (Cheeseman, McDonough & Clarke, 2011; Cheeseman, McDonough, & 
Ferguson, 2014). The measuring instruments were a focus of both studies, as was the role of 
the teacher to elicit children’s mathematical reasoning.  
 
Cheeseman and McDonough (2016) highlight the need to foster young children’s 
mathematical curiosity and suggested the reconceptualising of the primary mathematics 
classroom in relation to Askew’s (2012) teaching tripod of Tasks, Tools and Talk. Cheeseman 
and McDonough (2016) researched classrooms of children (5-6 year olds) as they engaged in 
mass measurement through investigative play, using the tools of balance scales and a variety 
of materials. The researchers were particularly interested in how the children engaged with 
challenging tasks, explored the balance scales, and the role of the teacher during the 
investigation. Teachers in classrooms they observed: “encouraged exploration and 
investigation; used probing questions; listened to children’s talk; expected exploration of 
mathematical reasoning; and expressed genuine appreciation for logical thinking and 
experimentation” (p. 143). While the researchers found the use of the tools provided a 
stimulus for investigating mass, in each classroom the teacher played a critical role in relation 
to the choice of tasks and fostering the children’s curiosity and mathematics thinking. The 
implications of this research for classroom teachers were threefold: “to offer children 
challenging tasks and interesting mathematical tools: listen carefully and be aware of the 
learning potential children bring to the task; and encourage curiosity by showing a real 
interest in children’s investigations” (p. 151).   
 
Extending on their previous research (Cheeseman, McDonough, & Ferguson, 2014), in which 
they observed 6-8 year olds using measuring instruments such as pan balances for measuring 
mass, Cheeseman, McDonough, and Golemac (2017) observed 12 children (5-7 year olds) 
exploring mass measurement using home-made suspended balances. Their study focused on 
the importance of eliciting and valuing children’s thinking and the use of ‘thinking 
conversations’ (Lee, 2012), as a data collection tool. The role of the adults was to “listen, 
interact appropriately, probe children’s thinking and seek explanation for their actions” (p. 
147) as they captured the children’s conversations. This small study emphasised the 
importance of the “thinking conversations” teachers and researchers conduct with young 
children to “elicit thinking and to stimulate mathematising” (p. 155). The findings indicate 
that young children can engage in big mathematical ideas such as equivalence, make 
mathematical generalisation, reason about mathematical investigations and justify their 
reasoning. Moreover, the findings highlight the power of investigative play; the importance 
of the teacher attending to what children notice, and eliciting children’s mathematical 
reasoning.  
 
2.3.3 Time measurement 

There is very little recent research around measurement related to time, in particular young 

children’s understanding of clocks since the seminal work of Pengelly (1985) which focused 
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on young children’s understanding of a clock face through the use of young children’s (aged 

3-7) creation of clock faces. From the analysis, she developed a sequence of understanding of 

the clock face. Smith and MacDonald’s (2009) study of drawings of 4 to 6 year olds challenged 

Pengally’s developmental sequence, which did not include a focus on hands. More recently 

MacDonald and Murphy (2018) collected drawings from 132 children within their first six 

weeks of Foundation (first year of Primary School) and used a coding system based on three 

structural features of an analogue clock: numbers, hands and partitioning. Drawings were 

coded according to the degree that these features were evident within the drawings. The 

results revealed that the majority of children start school with some ability to represent one 

of more structural features of a clock. However, the Australian Curriculum: Mathematics 

(ACARA, 2017) makes no explicit mention of clocks in the first year of schooling, which 

highlights a mismatch between the intended curriculum and children’s mathematical ability 

when they start school. MacDonald and Murphy’s found that children’s ability to represent 

the structural features of an analogue clock does not progress linearly as purported by 

Pengelly and that young children attend to different features of clocks; and therefore have 

alternative developmental journeys. 
 

3 Curriculum, Policy and Assessment 

 

The period of the present review has been one of great change and some uncertainty for early 

childhood education policy in Australasia, and also assessment in the early years. Since the 

last RiMEA period there has been less research on specific assessment practices, and a shift 

to identifying cognitive markers and children’s learning potential, as well as having a balanced 

approach to assessment, pedagogical practices, policies and programs.  

 

3.1 Australian curriculum policy 

 

As highlighted in the 2012-2015 review chapter on mathematics education in the early years 

(MacDonald, Goff, Dockett, & Perry, 2016), the last four years have continued to be a 

“tumultuous time” for the Australasian early education sector. In Australia, two national 

curricula in Australia (Early Years Learning Framework and Australian Curriculum) continue to 

provide a platform for further implementation and associated research.  Changes to early 

childhood policy have been made with a particular focus on raising the quality standards of 

the early childhood education sector (Australian Children’s Education and Care Quality 

Authority [ACECQA], 2018). Curriculum and policy developments have been represented 

through research focusing on mathematics education and transitions from prior-to-school 

settings to primary school. Hard, Lee, and Dockett (2018) noted that despite efforts to 

promote the complementarity of the early childhood and school curricula, there is little 

explicit alignment between the two. This lack of alignment has implications for transitions in 

mathematics education, as many children experience a disconnection between the 

mathematics they know in early childhood, and that which they experience upon school entry 

(Perry, MacDonald, & Gervasoni, 2015).  
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3.2 New Zealand curriculum policy 

 

In Aotearoa New Zealand, 2016-2019 has been a period of intensive change for teachers in 

the early years, particularly since the release of a report on mathematics in early childhood 

services in 2016 by the Education Review Office (ERO). The report claimed that despite 

“evidence of good practice in many settings, the ERO has found that mathematical teaching 

practice in the early years remains variable” (p. 29) and advocated that teacher leaders focus 

on: greater emphasis on opportunities for mathematical learning within their settings; more 

inclusion of meaningful contexts for mathematics learning; and ways to enhance teachers’ 

mathematical knowledge.  

 

During the same period time, the early childhood curriculum Te Whāriki (Ministry of 

Education, 1996) was reviewed, and a draft released for consultation. The updated and final 

version Te Whāriki was published in early 2017 and distributed to the sector (Ministry of 

Education, 2017). From an analysis of the mathematics focus of Te Whāriki, McChesney 

(2017) identified that much of the original orientation to mathematical learning remained. 

For example, mathematics continues to be explicit in two of the five strands (Mana Reo - 

Communication and Mana Aotūroa – Exploration). As an illustration of the orientation 

towards the learning of mathematics, one of the learning outcomes is “Recognising 

mathematical symbols and concepts and using them with enjoyment, meaning and purpose” 

(p. 42). Associated with this learning outcome, in Evidence of learning and development is 

“Familiarity with numbers and their uses by exploring and observing the use of numbers in 

activities that have meaning and purpose (and) Recognition that numbers can amuse, delight, 

comfort, illuminate, inform and excite” (p. 42). The updated Te Whāriki is therefore an 

opportunity for New Zealand early childhood educators to revisit the existing mathematics 

framework of Te kākano, and to expand and develop further resources (McChesney, 2017). 

 

The change in government in late 2017 has seen intensive activity for those in the early years, 

particularly the early childhood sector, with the publication of a draft Strategic Plan for early 

learning 2019-2029, requiring many educators to provide consultation and feedback (Ministry 

of Education, 2018b). Similarly, the abolition of The National Standards for national 

assessment and reporting (Ministry of Education, 2018a) of students in the first three years 

of primary school (age range 5 to 7 years) sent a clear message to teachers, and parents of 

more effective assessment processes and presented the sector with another opportunity “to 

reconsider our mathematics programmes” (Bailey, 2018, p. 86). Much of this policy work, 

including ongoing consultation with teachers, parents and communities, continues through 

2019 and beyond.   

 

3.3 Assessment practices 

 

Assessment of children’s mathematical learning was the subject of research in the review 

period. Profiling young children in order to predict their future mathematical success seems 

to have become of some interest to researchers. Gray and Reeve (2016), writing in the field 

of experimental psychology, investigated cognitive markers for profiling the mathematical 
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ability of preschool children. They found there were two number markers that were 

predictive of children’s early mathematical competence: dot enumeration and the 

spontaneous focus on number. The authors also suggested that there was no unitary 

mathematical ability of preschool children and that “different combinations of cognitive 

abilities may underlie different competency profiles” (p. 16). The study has implications for 

mathematics education as it adds to the extant literature that suggests there is no singular 

mathematics “ability”. 

 

Moss, Bruce, and Bobis (2016) noted the critical importance of not only young children’s 

mathematical thinking on entry to school but of the rate of learning in the first two years of 

school as a predictor of long-term mathematical success. These authors strongly recommend 

adoption of enriched and expanded pedagogy, curriculum and mathematics programs, in the 

early years. These recommendations align with those of English (2016) who argued the need 

to consider maximizing young children’s mathematical talents might be maximised once they 

are revealed. 

 

In her overview of the special issue of ZDM, English (2016) alluded to concerns about 

environments that “push teachers to increasingly structured assessments” (p. 1079) which 

cannot be exclusively relied upon to determine children’s mathematical competencies or 

determine their learning potential. Instead, teachers and researchers need to draw on a rich 

bank of diverse assessment practices such as clinical interviews, observations, 

representations, use of technology, and testing that not only reveals children’s capabilities 

but also to consider how we might use these insights to further their mathematical learning. 

English contended that broadening assessment practices in early childhood mathematics 

education will also broaden “our knowledge of young learners’ capable minds” (2016, p. 

1086) and acknowledged that teachers’ must be equipped with the “knowledge and skills to 

understand and interpret the development of their students’ mathematical knowledge and 

reasoning” (p. 1800). 

 

4 Aspects of Teaching and Learning 

 

The previous sections have focused on mathematical content, policy and assessment. Each of 

these sections highlighted aspects of teacher practice or factors that impact on their practice. 

A common theme throughout the content section was the reference to play-based learning, 

the use of challenging tasks, the role of the teacher to observe, asking questions to elicit 

children’s thinking and notice the connections children are making in the course of a lesson 

or learning experience. Unlike the 2012-2015 review in which context was a focus of much of 

the research, in this current review there is a growing emphasis on lesson design and use of 

challenging tasks, and play-based learning, that maximise young children’s mathematical 

capabilities. In this section we provide two contrasting aspects of teaching and learning.  The 

first focuses on lesson design and challenging tasks as part of a sequence of learning in the 

early years of formal schooling, whereas the other focuses on play based learning in the pre-

school settings. 
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4.1 Lesson design and sequencing learning 

 
Challenging tasks and the research findings surrounding their characteristics and use have 
appeared in the literature hitherto. In this review period, Russo and Hopkins (2017a, 2017b, 
2017c, 2019a, 2019b) studied 75 Year 1 and Year 2 students’ reflections on challenging tasks, 
teachers’ perceptions of teaching challenging tasks, and the effect that lesson structure has 
on student outcomes. The authors described how Russo delivered two units of work (28 
lessons) to three classes of students, systematically adopting either a “discussion first” or a 
“task first” approach to teaching mathematics. The distinguishing feature between the two 
lesson structures was whether or not students had a chance to explore the mathematical 
concepts in a whole group setting before being given a challenging mathematical task. The 
findings of the study (2019b) suggested that both approaches resulted in large improvements 
in mathematical performance, although there was some evidence that the discussion first 
approach was more effective in improving mathematical fluency.  
 
Students’ reflections on learning with challenging tasks (Russo & Hopkins, 2017c) provided 
evidence that students embraced struggle and persisted with the tasks. Many students 
reported that they enjoyed being challenged by the tasks. Interestingly, the authors noted 
that students were evenly divided over which lesson structure they preferred, however 
tended to have a strong preference for one lesson structure over the other.  
 
The three classroom teachers were also asked their perceptions of their students when 
observing challenging tasks taught by Russo. Teachers thought that each of the two lesson 
structures had distinct strengths. The task first approach was perceived  as better able to 
foster creativity, promote mathematical discussion, build persistence, and effectively engage 
students through challenge. Conversely, there was some evidence that the discussion first 
approach was seen to be a more focused, efficient approach to instruction (Russo & Hopkins, 
2017b). More generally, regardless of how the lesson was structured, the teacher-participants 
described their students as autonomous, persistent and highly engaged. Teachers explained 
the positive student reactions as reflecting: a classroom culture that embraced struggle, high 
teacher expectations, and consistent classroom routines (Russo & Hopkins, 2019a).  
 
The authors concluded that there is more than one way to teach with challenging tasks to 
generate sizeable learning gains (Russo & Hopkins, 2017a). However, they emphasised that 
this does not imply that the two lessons structures are equivalent. They argued that the 
presence of apparent trade-offs between efficiency and creativity (for example), combined 
with the fact that students have highly divergent preferences for how lessons involving 
challenging tasks should be structured, implies that teachers should strive to provide students 
with opportunities to experience both types of lesson structures. 
 
 
4.2 Play-based learning 
 

The role of play in early childhood mathematics education is the focus of several studies over 

the review period. Some studies have been reported in the measurement subsection (e.g., 

Cheeseman and colleagues), which focused on the use of investigative play in the context of 

mass measurement. While each of the studies presented in this subsection relate to play-
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based learning in mathematics, they have different research foci. Cohrssen and colleagues 

considered the impact on the educator’s practice and their use of formative assessment 

practices; Colliver and colleague considered the impact of providing young children with 

everyday mathematics experiences of adults; Marcus and colleagues investigated young 

children’s noticing of the mathematics as they engage in play; and Moss and colleagues 

considered the importance of play in young children’s development of disposition and habits 

of mind relating to mathematics learning.  

 

Cohrssen, Church, and Taylor (2016) studied the implementation of a play-based suite of 

activities by six educators of 3 to 5 year-old children in pre-schools. The aim of the study was 

to observe the effect of providing play-based mathematical activities together with clear 

learning objectives, step-by-step implementation instructions, and descriptions of the 

underpinning mathematical thinking to early childhood educators. The findings showed that 

when educators implemented the activities: their professional development was supported, 

their practice changed, and their confidence and formative assessment of children’s 

knowledge grew. In addition, children became more enthusiastic and motivated participants 

in mathematical activities. The findings also highlighted an on-going need to challenge 

educators’ beliefs and to consider new pedagogical practices if they are to meet the demands 

of early childhood mathematics education and cater for the future mathematics learning 

needs of young children, in pre- school settings.  

 

Colliver (2017) and Colliver and Arguel (2018) undertook a small study that sought to inspire 

child-initiated mathematical and literacy-based play by four year-olds in early childhood 

centres. Educators and family members were given scripts to learn in order to demonstrate 

in pairs and verbalise everyday problems and solutions for children to hear. The study tested 

the effects of children’s observations of the practices demonstrated. Results indicated that 

children were influenced to: play with the same mathematical materials, and extend their 

play-based exploration of pattern and mathematical concepts. While the scope of the 

research was very limited, it did suggest that by involving young children in the everyday 

mathematics of adults, children played for longer and were curious about mathematics. 

Further work is needed to find effective ways to translate this study into the broader 

community in its present form.  

 

Another small pilot study reported by Marcus, Berry, Dockett, and MacDonald (2016), 

conducted with six pre-school children and six children in their first year of school over a six 

month period, investigated what young children notice about mathematics as they played 

and interacted with other children. The adults’ (teacher and parents) role in such a situation 

was to facilitate the noticing, which is different from the teacher noticing in the research 

literature. Marcus et al. found that the children in both contexts noticed, explored and talked 

about mathematics in their own play and that of their peers. While the authors acknowledged 

that this was a small study it provides an impetus for a larger scaled study across a diverse 

range of contexts.  
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In contrast to the aforementioned studies, Moss, Bruce, and Bobis (2016) in their review of 

challenges and developments in Early Years mathematics (5 to 8 year-olds) questioned the 

widespread acceptance of a play approach to mathematics together with the belief that all 

mathematics activity should emerge from child-directed play. These authors described the 

centrality of play for the development of dispositions and habits of mind valued in 

mathematics education, such as curiosity, creativity, and acceptance of multiple possible 

answers to the same problem. However, they also noted that, while children learn from play, 

it appears that children can learn much more with “artful guidance and challenging activities 

provided by their teachers” (p. 162). They also raised concerns about the lack of explicit 

mathematics content in early childhood educators programs, and research on the process of 

teaching mathematics in early childhood settings and in the first years of schooling. Moss et 

al. (2016) recommend research into professional development programs for educators and 

teachers of young children and the “study and implementation of pedagogies that foster deep 

mathematics understanding” (p. 182). 

 

These studies highlight the important role the adult plays in enhancing young children’s 

mathematics learning and the value of play-based mathematics learning. A key finding of the 

study by Cohrssen et al. (2016) was the need for increased professional learning related to 

their own mathematics content knowledge and play based mathematics pedagogies and 

planning; a consideration for future research. 

 

5 Home and Prior to School Context 

 

The previous section focused on aspects of children’s learning within formal settings. The 

range of studies presented in this section acknowledges the important contribution families 

and the home context plays in the mathematics learning of young children, and the various 

ways of supporting parents’ roles in enhancing mathematical experiences for children.  

 

The publication of a substantial book, Engaging families as children’s first mathematics 

educators (Phillipson, Sullivan, & Gervasoni, 2017), reflects the prominence of this area of 

research in mathematics education in the early years. Written for an audience of 

professionals and educators with a clear focus on children from birth to 5 years, the book 

clearly positions the importance of families in the mathematics education of children.  

 

The extensive research base of the Let’s Count project continues to both provide 

opportunities for further analysis and a springboard for related studies. For example, in 

Fenton, MacDonald, and McFarland’s (2016) study educators were supported to “act as 

mentors to parents and family members of the children in their setting” (p. 47). The educator 

had two meetings with parents and provided options of sample ideas for family gatherings, 

or a workshop where activities can be carried out at home, and information pertaining to 

mathematics underpinning the home activities. The qualitative data from the educator and 

parents were analysed using a strength-based analysis framework and the results compiled 

into individualised planning documents, that included relevant mathematical concepts, which 

were then shared with the parents. Such an approach was found to be useful as a means of 
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fostering early mathematics learning. This case study also illustrates a reciprocity of expert 

knowledge; the early years educator in terms of mathematical learning and curriculum 

knowledge; and parents’ insights about their children’s interests and responses. 

 

Another example of using data from the Let’s Count study was the further analysis of the 

interviews with parents (Perry, Gervasoni, Hampshire, & O’Neill, 2016). From the analysis the 

authors identified two elements; the alignment of educators and family members with a focus 

on mathematics language; and “the ease with which the children assume language when it is 

introduced in a relevant and meaningful way” (p. 81). Similarly, further theory building from 

the Let’s Count study (Gervasoni & Perry, 2016; Perry et al., 2016) was found in Perry and 

Dockett’s (2018) work, in which they drew upon the four elements of Bronfenbrenner’s 

bioecological model (person, process, context and time) and integrated them into the Let’s 

Count programme through the mantra: “notice, explore, and talk about mathematics” (p. 

613). Perry and Dockett emphasised that it was the “confluence of these elements that 

provides the greatest explanatory power” of Let’s Count (p. 613), and they acknowledge that 

“working collaboratively with those who are in a position to facilitate meaningful, ongoing, 

regular, reciprocal and increasingly complex mathematical interactions with mathematics at 

their core” (p. 615), is required when support young children’s mathematical development. 

 

Smaller studies have investigated how contexts from children’s lives provide opportunities 

for mathematical activity. Shopping was one context that was the focus of a pilot study with 

six families (MacDonald, Fenton, & Davidson, 2018). While undertaking a normal family 

shopping trip, the shopping trolley held a “trolley cam” to record actions and speech of the 

family. Two older children (approximately 8 years old) also volunteered to wear glasses with 

an inbuilt camera. Multiple vignettes of mathematical actions and conversations were 

analysed using Bishop’s (1988) six mathematical activities of counting, measuring, locating, 

designing, explaining, and playing. The study found evidence of all of Bishop’s activities within 

the context of shopping with locating being the most prevalent activity for both younger and 

older children, while both children and adults engaged in mathematical noticing in various 

ways (i.e., verbal and non-verbal forms) and times while shopping together. This study also 

contributes to theory building through the use of Mason’s framework of intentional noticing 

(2002) and Perry and Gervasoni’s (2012) notice, explore, talk about mathematics adaptation 

for young children’s learning. This study provides further evidence of mathematical activities 

and conversations in authentic family contexts, which contribute to children’s ongoing 

mathematics learning beyond the home. A related family context is swimming where 

Jorgensen (2017) expanded on her earlier work that identified swimming as a source of 

mathematical capital that adds to children’s mathematical knowledge. Similarly, Mousley 

(2017) revisited the role of stories and narrative in home experiences, and her study reminds 

us of the powerful influence of stories and narratives that connect over time, and among 

different people and places. 

 

A common thread for a number of studies was the design, implementation and research of 

ways to support parents in enhancing mathematical experiences for children. Muir (2018) 

illustrated this ongoing focus with a synthesis of earlier projects in the book Forging 
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connections in early mathematics teaching and learning (Kinnear, Lai, & Muir, 2018). 

Initiatives such as take home numeracy bags, and a maths club, were designed to bridge home 

and school. Muir found that parents noticed lesson features, which related to the main task 

of the lesson and to the various social interactions of the children. In an unrelated study, the 

research team of another study (Niklas, Cohrssen, & Tayler, 2016a, 2016b, 2016c) adapted 

the design of their literacy study to focus on numeracy. Based on an approach described as a 

“light touch-low cost” intervention (p. 136), thirty-seven parents from a larger study self-

selected to attend a parent meeting where the researchers provided supporting materials 

about supporting children’s numeracy skills in the home environment. This study found that 

the children in the intervention study showed greater gains in their mathematical 

competencies than the non-intervention children and that parents enhanced the home 

numeracy environment for their children (Niklas et al., 2016a).  

 

In stark contrast to the aforementioned studies, Glynn (2019) investigated whether parents 

have gendered constructs in relation to their children’s interests and abilities in mathematics. 

Sixty-one parents of children in the first year of primary across three schools completed an 

online Who and Mathematics survey and seven of these parents participated in an interview 

to obtain insights into the reasons behind their beliefs. While more parents perceived girls to 

enjoy challenging mathematics problem more than boys, the majority believed that boys 

enjoy mathematics more than girls and are expected to do well. The findings revealed there 

is still stereotypical gendered thinking from parents about mathematical aptitude and 

highlights the need for parents and educators to recognise messages being conveyed to young 

children about mathematical capabilities and the impact these messages have on self-

concept. 

 

6 Cultural/Indigenous Contexts and Pedagogies 

 

Australasian researchers continue to make new contributions in this area particularly related 

to the importance of cultural connectedness; and need for culturally relevant mathematics 

pedagogies in pre-school and school settings for young indigenous learners and those from 

diverse cultural backgrounds. Key researchers in this area continue to explore the pivotal role 

played by culture when young Indigenous, Pāsifika, and Māori students explore growing 

patterns. 

 

As indicated in the equivalent section in previous RiMEA review “young indigenous Australian 

students are capable and proficient users of mathematics” (MacDonald et al., 2016, p. 180). 

Building on prior research related to Indigenous children’s learning of growing patterns and 

Miller’s (2014) “cultural learning semiotic model”, Miller, Warren, and Armour (2018) 

explored teaching and learning processes that facilitated 16 Indigenous students (7 to 9 year-

olds), to engage in the mathematical discourse of pattern generalisation. The findings of this 

study provided a major contribution to understanding student learning; the importance of 

creating spaces for both cultural and mathematical discourse; and the sharing of sign systems, 

in this case drawings or models of the growing pattern. In addition, Miller at al. found that 

Indigenous students bring their own cultural ontology (ways of being, knowing and doing) to 
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the classroom and that the cultural backgrounds of the students and teacher influence the 

teaching and learning process. 

 

Two related New Zealand studies (Hunter & Miller, 2018; Miller & Hunter, 2017) also focused 

on growing patterns with children of Pāsifika, Māori and South East Asia backgrounds. Hunter 

and Miller (2018) conducted a series of ten lessons focused on how Pāsifika patterning tasks 

might support young children’s understanding of growing patterns. The findings indicate that 

student thinking moved from counting, to additive, to multiplicative thinking, and many 

students began to make generalisations. The findings also illustrate how an authentic cultural 

pattern can be used to develop early algebraic reasoning, and that young children can identify 

pattern structure and articulate algebraic relationships. Miller and Hunter (2017) conducted 

one-to-one task based interviews with students that focused on four pattern tasks, two from 

Pāsifika and Māori culture and two patterns used in typical New Zealand or Western 

mathematics lessons. Findings from this study concur with others (Hunter & Miller, 2018; 

Miller et al., 2018) that these students can engage in early algebraic concepts, such as growing 

patterns prior to formal instruction and have greater success when patterns come from a 

familiar context; an important consideration for teachers and researchers when introducing 

culturally diverse students to growing patterns. 

 

Further research about the importance of cultural connectedness has been contributed from 

different locations in the Pacific to a significant publication History of number: Evidence from 

Papua New Guinea and Oceania (Owens, Lean, Paraide, & Muke, 2017). In relation to the 

early years, Paraide and Owens (2017) noted that “the integration of Indigenous and Western 

number is limited in formal learning at the lower primary level” (p. 244) and argued that such 

integration is possible if the teachers are adequately supported in implementing this 

integration. In another study related to number, Paraide (2017) found that the traditional 

number system appeared sophisticatedly adapted to the Tolai’s cultural context. In particular, 

that Tolai number and measurement knowledge are frequently still used across a range of 

day-to-day activities and therefore should remain central to mathematics education in this 

community. 

 

Anderson, Stütz, Cooper, and Nason (2017) similarly argued that teachers can be supported 

to implement culturally relevant mathematics pedagogy for young Indigenous learners. This 

is of particular importance in light of a study by Edmonds-Wathen (2017) in which a critical 

analysis of curriculum support resource for Indigenous students revealed that:  

…a discourse of developmental imperatives and completely inarticulated expectations leads to a 

focus on teaching English language and concepts, rather than on how students’ prior knowledge 

might be used as a resource in a culturally responsive approach. (p. 36) 

Anderson et al. (2017) proposed a theoretical framework to scaffold the design of programs 

that focus on the needs of Indigenous and low-socioeconomic status children in the first three 

years of school. Reflecting on the initial stages of the development of the framework, they 

stressed that a focus on both culture and mathematics in teacher learning, and addressing 
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teachers’ beliefs and conceptions about working with community, are central issues to be 

addressed with teachers of young Indigenous and low-SES students. 

 

7 Emerging Areas of Research 

 

The equivalent 2012-2015 review chapter on mathematics education in the early years 

(MacDonald et al., 2016) concluded with a list of emerging areas worthy of focus in the coming 

years. It is pleasing to see that several of these recommended areas of research (namely; data, 

mathematical reasoning, and roles of families and communities in young children’s 

mathematical learning) are now represented by publications included in the current review. 

This current review has thus identified several new emerging areas that are beginning to gain 

attention in early childhood mathematics education research; specifically: 

 

 Early mathematics learning and later achievement; 

 Influence of early childhood education and care settings on children’s mathematics; 

 Relationship between self-regulation and mathematics;  

 Birth to 2 years; and 

 Innovative research methodologies. 

 

The last four years has seen several publications in these growing areas of interest, and these 

are canvassed in the following sections. The authors of this chapter also acknowledge a 

further two emerging areas of research, namely, spatial reasoning and early STEM learning, 

and learning technologies in early childhood mathematics; however, these two areas are 

reviewed in detail in Chapters 10 and 13, respectively, of this volume. 

 

7.1 Early mathematics learning and later achievement 

 

The 2016-2019 review period has seen new attention focused on early mathematics learning 

and development. Studies in this area have a range of different foci, but all have an interest 

in understanding the relationship between children’s development, generally, and children’s 

mathematical development, specifically. Much of this attention has been generated as a 

result of international studies (in particular, that of Duncan et al., 2007), which have 

demonstrated that early mathematical competence is a predictor of later achievement, both 

in mathematics and more generally. This relationship was examined in an Australian context 

by MacDonald and Carmichael (2018) who interrogated data from a nationally representative 

sample of 2,343 children participating in the Longitudinal Study of Australian Children (LSAC). 

Their study examined the relationship between mathematical competencies at age 4-5, and 

later results of Years 3, 5, 7, and 9 National Assessment Program – Literacy and Numeracy 

(NAPLAN) numeracy tests. Consistent with international studies, they found moderate 

correlations between preschool mathematics competencies and later mathematics 

achievement. However, their analysis of individual growth trajectories revealed that while 

early competencies predicted initial achievement, they did not predict subsequent growth – 

rather, performance at each year level predicted the next. Thus, the findings of MacDonald 

and Carmichael highlight the need for quality early childhood mathematics education 
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programs for getting children’s mathematical development “off to a strong start”; but the 

quality of mathematics education in the schooling years is also critical. 

 

7.2 Influence of early childhood education and care settings on children’s mathematics 

 

Within the review period, two studies have looked at the influence of the early childhood 

setting on children’s mathematical competence. Hildenbrand, Niklas, Cohrssen, and Tayler 

(2017) investigated the relationship between children’s attendance at different types of early 

childhood education and care programs (i.e., long day care, family day care, kindergarten) and 

their mathematical skills. They analysed data from 1,314 children participating in the E4Kids 

study at two measurement points and found that at first measurement, children attending 

predominantly informal care outperformed children attending predominantly formal care or 

a mix of care types. However, at the second measurement point one-year later, mathematical 

development did not differ between the care types. Another study utilising E4Kids study data 

was that of Niklas and Tayler (2017) who examined the impact of the quality of the early 

childhood room and group composition on children’s mathematical abilities. While child and 

family characteristics explained much of the variance in children’s mathematical abilities, 

room characteristics added significantly to the explained variance. Further, higher program 

quality was associated with greater mathematical abilities. These findings reinforce the need 

for quality early childhood mathematics programs, and teacher professional learning. 

 

7.3 Relationship between self-regulation and mathematical development 

 

The relationship between self-regulation and mathematical development has also been of 

interest during the review period, and offers a different perspective on children’s pathways 

to mathematical achievement. Williams, White, and MacDonald (2016) utilised LSAC data for 

5,107 children to examine whether mathematics achievement at age 8 to 9 differs by gender, 

how mathematics achievement is associated with self-regulatory pathways from age 2 to 3, 

and whether these pathways differ by gender. They found that attentional regulation was 

directly associated with mathematics achievement, and emotional regulation indirectly so. 

Moreover, these pathways were not moderated by gender. Williams et al. have suggested 

that embedding self-regulatory support in early childhood education programs may assist 

children’s mathematical development. Pearce, Sawyer, Chittleborough, Mittinty, Law, and 

Lynch (2016) also examined relationships between self-regulation and mathematics 

achievement, but with a focus on socio-economic inequalities. However, they found that 

cognitive ability, rather than self-regulatory ability, had the greatest effect on pathways 

between socio-economic disadvantage and mathematics achievement. They argue that 

interventions to improve cognitive ability, rather than self-regulation, serve to have the 

greater potential for improving the mathematics achievement of socio-economically 

disadvantaged children. 

 

7.4 Birth to 2 years 
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Cognition research has demonstrated that from birth, infants are capable of detecting 

numerical correspondences and abstract properties of objects and events (Starkey, Spelke, & 

Gelman, 1990). However, research focused on mathematics education for very young 

children—in particular, children younger than two years of age—is an emerging field of 

interest. Indeed, in MacDonald and Murphy’s (2019) systematic review of the research 

concerning mathematics education for children under four years of age, only three papers 

out of the 103 reviewed (4%) focused on children under two years of age. This was consistent 

with Linder and Simpson’s (2017) systematic review concerning early childhood mathematics 

educators which found that only 5% of papers focused on educators of children aged birth to 

two years. The three Birth to Two papers included in MacDonald and Murphy’s review were 

from outside of Australasia; indeed, there were only six Australian studies and one New 

Zealand study included in the review overall which canvassed 2013-2018.  

 

A new focus on Birth to Two is afforded through MacDonald’s (2018-2020) Australian 

Research Council-funded study examining mathematics education for babies and toddlers. 

Findings from a national survey of early childhood educators indicate that educators of 

children under three years of age report high levels of comfort in planning and implementing 

mathematical learning experiences with these very young children (MacDonald, 2019). 

Educators report a good degree of utilisation of everyday resources and activities, which has 

been advocated for in existing studies (for example, Gervasoni & Perry, 2015). Moreover, 

findings suggest that educators are comfortable in gaining ideas from babies and toddlers, 

which is an important step in providing meaningful mathematics education for these very 

young children (MacDonald, 2019). 

 

It would appear that there is great potential for Australasian researchers to contribute to the 

emerging field of Birth to Two mathematics education, and we would expect to see 

Australasian researchers contributing to this space in the coming years. 

 

7.5 Innovative research methodologies 

 

The 2016-2019 review period saw the emergence of several innovative methodologies in 

early childhood mathematics research. One such example is MacDonald, Fenton, and 

Davidson’s (2018) use of “trolley-cam” to capture young children’s mathematical interactions 

while shopping with their family. Families were invited to complete their shopping using a 

shopping trolley mounted with a custom-built Go-Pro© camera rig. The trolley-cam was 

specially designed to capture the interactions of the family with the store environment, within 

close range (approximately arms’ length). This methodological approach revealed that young 

children and their families notice, explore, and talk about a great deal of implicit and explicit 

mathematics whilst shopping together. All of the children displayed instances of 

mathematical noticing, with the children indicating what they had noticed in both verbal and 

non-verbal forms (MacDonald et al., 2018). 

 

The same study by MacDonald et al. also utilised “camera glasses” (i.e., glasses with an in-

built video camera) in order to capture the child’s perspective of the shopping experience 
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(Davidson, MacDonald, & Fenton, 2018; MacDonald et al., 2018). This innovative research 

method enabled the researchers to view mathematical interactions from the “eyes of the 

child”, thus offering a new perspective on mathematical conversations and actions in 

everyday experiences such as shopping. 

 

Although not a “new” methodological approach (see, for example, MacDonald, 2013; 

MacDonald & Lowrie, 2011), the review period saw renewed focus upon the use of children’s 

drawings to ascertain young children’s experiences with, and understandings about, 

mathematical ideas. Indeed, both the 2018 and 2019 MERGA conferences contained 

symposia explicitly focused on the use of drawings in early childhood mathematics education 

research (see Way et al., 2018 and MacDonald et al., 2019). A particular innovation related to 

children’s drawings has been Way and Thom’s (2019) use of a digital pen to capture children’s 

mathematical drawing processes. Digital pens have the ability to capture both mark-making 

and sound, and thus create “pencasts” that can be replayed. As Way and Thom explain, the 

use of a digital pen allows for a “layered” approach to data analysis, whereby the pencast can 

be replayed without sound in order to interpret the drawing itself, before adding the 

synchronised soundtrack, which enables analysis of the child’s verbal explanation (Way & 

Thom, 2019). 

 

These examples demonstrate the scope for creative thinking with regards to “making visible” 

the ways in which young children experience mathematics. It is anticipated that these studies 

will spark future research adopting similar methodologies, and it will be interesting to see 

what other innovative research approaches emerge over the coming years. 

 

8 Concluding Remarks 

 

The review of literature presented in this chapter indicates there is a broad research agenda 

and much to celebrate about Australasian early years mathematics education research. Two 

particular emerging areas--Birth to Two, and use of technological tools to capture and “make 

visible” the ways in which young children experience mathematics with their families--offer 

Australasian researchers new opportunities to contribute to the early years space in the 

coming years. 

 

As was evident in the previous RiMEA review, Australasian researchers demonstrate strength 

in research that identifies young children’s mathematics capabilities, particularly in the 

content areas of number, mass measurement, time, and statistics in the early years of primary 

school; in both home and school contexts. System-based research related to number learning 

continues to be a focus, whereas content areas prominent in the previous review, such as 

pattern and algebra, and geometry were not apparent in this current review period, possibly 

reflecting the changing nature of the research agenda. The emergence of cognitive science 

based research associated with young children’s number learning, and the relationship 

between mathematics abilities and mathematical performance, reflect the broadening nature 

of research in early years mathematics learning and development. Within the measurement 

domain an emergent area of research was the use of measurement as a context to explore 
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young children’s number learning, within the first year of school. Critical issues raised and 

considerations for future research include: the type of mathematics experiences young 

children have in their first year of school; and how best to cater for children from 

disadvantaged backgrounds who are also linguistically disadvantaged.  

 

Several studies highlighted that young children are capable of more than the intended 

curriculum stipulates and can engage in mathematical inquiry and challenging tasks, and 

explain and justify their reasoning. Throughout these studies was a strong thread of research 

related to pedagogical practices such as the use of investigative play, mathematical inquiry 

and investigations, challenging tasks, and problem solving. There was also emphasis on 

teacher observing, listening, noticing, questioning to probe student thinking, and student 

discourse in supporting children to reason mathematically and to engage critically with the 

mathematical ideas presented. A clear recommendation from these studies is that young 

children need to engage in rich learning experiences that maximise their mathematical 

capabilities. 

 

Unlike previous reviews, in this current review period there was little research pertaining to 

professional learning. Several studies indicated the need for pre-school educators and early 

years teachers to consider new pedagogical practices and their own dispositions and beliefs 

towards mathematics if they are to meet the needs of early childhood mathematics 

education, and cater for the future mathematics learning needs of young children. Aligned 

with this is the need for quality early childhood mathematics programs. These findings 

highlight a need for increased professional learning and research of early years teachers and 

pre-school educators related to their own mathematics content knowledge, pedagogical 

practices, and mathematics planning and assessment practices.  

 

There has been considerable research related to supporting young Indigenous students’ 

mathematics learning, the importance of cultural connectedness, and the need for culturally 

relevant mathematics pedagogies in pre-school and school settings for young Indigenous 

learners and those from diverse cultural backgrounds. However, ongoing research is needed 

into ways to support teachers to develop programs and practices that cater for Indigenous 

learners, those from different cultural backgrounds, and low-SES students.  

 

Two other areas of ongoing research relate to 1) the impact of curriculum and policy on 

mathematics education in the early years both within the Australian and New Zealand 

settings; and 2) assessment, in particular the emphasis on structured assessment, which seeks 

to measure predictors of children’s future mathematical success. However, several 

researchers indicate that testing alone is insufficient and that broadening assessment 

practices in early childhood mathematics education will also broaden teachers and 

researchers’ knowledge of the capabilities of young children and their capacity to reason 

mathematically. Both areas provide potential for future research.  
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The review of research presented in this chapter has contributed new knowledge to the field 

of early childhood mathematics education; and provided insights and ideas for further 

research. Some further research might incorporate innovative methodologies to examine: 

 

 Features of quality early childhood mathematics experiences that stimulate children’s 

mathematical reasoning, build children’s resilience, and encourage problem solving;  

 Early childhood educators’ practices, knowledge, beliefs and dispositions towards 

mathematics and their impact on young children’s love of mathematics;  

 Pedagogical practices required to scaffold children’s understanding of early 

mathematics; for example, aspects of measurement, time, geometry and statistical 

inquiry; and 

 Curricula that build children’s experiences and knowledge to transition from the 

intuitive and informal to the formal mathematics and include programs that cater for 

Indigenous learners, those from different cultural backgrounds, and low socio-

economic backgrounds. 

 

Acknowledgement: We would like to acknowledge the work of Paige Lee who made a 

significant contribution to this chapter by conducting several literature searches and 

compiling a bibliography of all the literature relevant to this review period. 
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