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This paper explores the issues and challenges of catering for the range of mathematical abilities in Australian Primary Classrooms. Of particular focus is how Australian teachers determine children’s current mathematical knowledge using clinical interviews and an associated framework of growth points, and the opportunity this provides for how teachers use this data to customise learning experiences to cater for children’s individual needs. Particular issues related to learning and reaching number knowledge are also identified.

The Australian Context

Throughout the past decade school systems throughout Australia have focused on improving mathematics learning for all students. This emphasis on improving learning has been driven in Australia by the 1997 national literacy and numeracy goal that asserts that “every child leaving primary school should be numerate and able to read, write and spell at an appropriate level” (Department of Education, Science and Training, 2001, p. 1). However, it is the sub-goal that “every child commencing school from 1998 will achieve a minimum acceptable literacy and numeracy standard within four years” (Department of Education Science and Training, 2001, p. 1) that focused the attention of school systems in Australia on literacy and numeracy learning in the early years of schooling. This prompted several large research projects (e.g., Gould, 2000; and Clarke, Cheeseman, Gervasoni, Gronn, Horne, McDonough, Montgomery, Roche, Sullivan, Clarke, & Rowley, 2003) that identified strategies for improving mathematics learning and teaching (Bobis, Clarke, Clarke, Thomas, Wright, Young-Loveridge & Gould, 2005). A common feature of these research projects was the use of clinical interviews so that teachers could identify the current knowledge of each student and plan and customise learning opportunities accordingly.

The Early Numeracy Interview and Framework of Growth Points

The Early Years Interview (Department of Education Employment and Training, 2001), developed as part of the Early Numeracy Research Project (ENRP, Clarke et al., 2002), is one example of a clinical interview and a research-based framework of growth points that describe key stages in the learning of various aspects of mathematics. This assessment interview and the associated growth points is used in Victorian schools and was used to gather data explored in this paper.

The growth points formed a framework for describing children’s development in Counting, Place value, Addition and Subtraction, Multiplication and Division, Length, Mass and Time, Properties of Shape, and Visualisation and Orientation. The processes for validating the growth points, the interview items and the comparative achievement of students in project and reference schools are described in full in Clarke et al. (2002).

To illustrate the nature of the growth points, the following are the points for Addition and Subtraction. These emphasise the strategies children use to solve problems.

1. Counts all to find the total of two collections.

2. Counts on from one number to find the total of two collections.

3. Given subtraction situations, chooses appropriately from strategies including count back, count down to & count up from.

4. Uses basic strategies for solving addition and subtraction problems (doubles, commutativity, adding 10, tens facts, other known facts).

5. Uses derived strategies for solving addition and subtraction problems (near doubles, adding 9, build to next ten, fact families, intuitive strategies).

6. Extending and applying. Given a range of tasks (including multi-digit numbers), can use basic, derived and intuitive strategies as appropriate.

Each growth point represents substantial expansion in knowledge, or key “stepping stones” along paths to mathematical understanding (Clarke, 2001). It is not claimed that every student passes all growth points along the way, nor should the growth points be regarded as discrete. However, the order of the growth points provides a guide to the possible trajectory (Cobb & McClain, 1999) of children’s learning. In a similar way to that described by Owens and Gould (1999) in the Count Me In Too project: “the order is more or less the order in which strategies are likely to emerge and be used by children” (p. 4). 

In summary, the framework of growth points can help teachers to understand a possible trajectory for describing children’s learning; identify where any child is currently positioned; identify any children who may be vulnerable in a given domain; identify the zone of proximal development for each child in each domain so as to customise planning and instruction; and identify the diversity of mathematical knowledge in a class. 

The interview takes between 30-40 minutes per student and is conducted by the regular classroom teacher. The full text involves around 60 tasks, although no child is presented with all of these. Given success with a task, the interviewer continues with the next tasks in the given mathematical domain (e.g., Place Value ) for as long as the child is successful. 

The Early Numeracy Interview provided teachers participating in the ENRP with insights about children’s mathematical knowledge that they reported might otherwise not have been forthcoming (Clarke, 2001). Further, the project found that teachers were able to use this information to plan instruction that would provide students with the best possible opportunities to extend their mathematical understanding. 

Insights About Children’s Number Knowledge 

Assessment data obtained from the Early Numeracy Interview in 2006 for over 7000 children from 52 Primary Schools in western Victoria was aggregated and analysed. This enabled a rich picture of these children’s number knowledge to be formed. The practice in this region of Victoria is for teachers to assess each student in the first week of school using the Early Years Interview for the purpose of gaining insight about each child’s current mathematical knowledge. 

Children’s responses to assessment items were analysed by the teacher to determine the growth points children reached. To increase the validity and reliability of the data, each teacher followed a detailed interview script, recorded children’s answers and strategies on a detailed record sheet, and used clearly defined rules for assigning growth points. Children’s growth points were entered into an excel spreadsheet and each school’s data was aggregated to form the data set reported on here. The region’s Numeracy Advisors and each school’s Numeracy Co-ordinator managed this process.

Issues Arising From Examining Children’s Number Knowledge

Examination of data collected in 2006 identified identify some important issues related to learning, teaching and curriculum that need to be addressed to improve learning opportunities for children. This paper will focus on issues related to the Place Value, Addition and Subtraction, and Multiplication and Division domains. 

The percentage of children in each grade reaching each Place Value growth point (GP) is shown in Figure 1. Of particular interest is children’s knowledge of multi-digit numbers.
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Figure 1. Percentage of children in each grade reaching each growth point at the beginning of 2006 (N=7651).

An issue highlighted in Figure 1 is the spread of growth points at each level. This finding has been noted elsewhere (e.g. Gervasoni & Sullivan, 2007; Bobis et al., 2005) but highlights the complexity of the teaching process and the importance of teachers identifying each child’s current knowledge and knowing ways to customise learning opportunities that meet each child’s needs. This has important curriculum and instruction implications for any plan to strategically improve learning outcomes for students.

Another interesting point is that almost half the children beginning Prep, the first year of school in Victoria, can already read, write, order and interpret one-digit numbers. These children already need opportunities to explore two and three digit numbers, an issue that needs to be addressed in curriculum development and planning. The remaining students require the more traditional Prep experiences that firstly emphasise exploring and constructing knowledge about one-digit numbers. However, right from the beginning of schooling, the data highlights differences in children’s knowledge to which the community needs to respond to optimise learning. It is also important to acknowledge that some teachers may not have been able to identify the extent of some children’s knowledge because this is sometimes culturally specific, and may not be obvious to the teacher (Gervasoni, 2003). This issue may be another focus for professional development.

Figure 1 also shows that nearly half the Grade 2s and three-quarters of the Grade 3s were already able to interpret 3-digit numbers and needed opportunities to explore and construct understandings about 4-digit numbers and greater. School communities need to consider how this can be best achieved. 

Another feature of the data is the number of students in Grade 4-6 within the Diocese who have not yet reached GP 4 and GP 5 (52%, 32%, and 18% respectively). Further examination of these students assessment responses show that many were able to read and write four-digit numbers, but were not able to either order 4-digit numbers and/or answer the questions, “What is 10 more than 2791?” and “What is 100 less than 3027?” As highlighted by Baroody (2004), these tasks require children to appreciate the quantity associated with number names and numerals and either to use their mental number line (Griffin & Case, 1997) to find 10 more or 100 less, or to use a reasoning based strategy that draws upon their number sense. Difficulty with this type of task typifies the children who experience difficulty in Place Value. Certainly, a curriculum emphasis on understanding these numbers as quantities and numbers with positions on the number line is important.

A further implication of this finding is that some children in Grades 4-6 may be required to solve problems requiring calculations with four-digit numbers and greater (a prominent feature of the curriculum at this level), without an understanding of these numbers as quantities and their position on the number line. It seems fair to assume that many of these children may be reliant on learning procedures for performing calculations without constructing the conceptual underpinnings, and perhaps before they have developed reasoning based strategies for calculating. To explore this conjecture, we first examined the highest growth point reached by students in the Addition and Subtraction Strategies domain (see Figure 2).
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Figure 2. Percentage of children in each grade reaching each growth point at the beginning of 2006 in addition and subtraction (N=7651).

The data show that 51% of children beginning Grades 4 and 30% of children beginning Grade 5 were not yet using derived strategies (GP 5). This is consistent with the findings of a longitudinal study of 323 children who participated in the ENRP (Clarke et al., 2006). Their study found that when children reached Grade 4 and 5, respectively 53% and 37% had not reached GP 5. However, note that in the longitudinal study, data refer to assessment at the end of Grades 3 and 4, so comparisons are indicative only. Figure 2 also highlights that 16% of Grade 6s were not yet using derived strategies. This suggests that these children may rely on rote procedures for performing calculations.

To explore this issue further, we determined the number of Grade 6 students who had not yet reached GP 4 in Place Value, nor used reasoning-based strategies in Addition and Subtraction (GP 5) and Multiplication and Division (GP 4). 
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Figure 3 shows the number of children who had not reached these growth points and the combinations of domains for which this was the case (N=1195, n=371). It is important to note that 69% of children beginning Grade 6 had meet these minimum targets. Conversely, 31% were vulnerable in at least one of these domains, and these children are the focus of Figure 3. In summary, Figure 3 shows that of the 31% of Grade 6s who were vulnerable in at least one of these domains, 18% were vulnerable in all three domains, and nearly half (45%) were vulnerable in at least 2 domains.

Figure 3. The number and combinations of domains for which Grade 6 children had not yet reached targets in Place value, addition and subtraction, and multiplication and division, (N=1195, n=371).

In relation to the question about whether children who had not yet reached GP 4 in Place Value used reasoning-based strategies in Addition and Subtraction and Multiplication and Division contexts, Figure 3 shows that of the 211 Grade 6 children who had not yet reached GP 4 in Place Value, 61% had also not yet reached the growth points associated with using derived strategies in Addition and Subtraction and reasoning strategies in Multiplication contexts. A focus for increasing the capacity of communities to provide effective learning opportunities for these students will include professional learning opportunities that enable Grades 4-6 teachers to identify and develop instructional approaches to identify and assist these students. This may also include intervention-style programs aimed at accelerating children’s number learning in these aspects. 

Issues of National and International Significance

The data examined in the previous section highlight the spread of number knowledge within each grade level, and show that there are groups of Australian students who may be at risk of poor learning outcomes in mathematics. Importantly, knowledge of each child’s growth points enable teachers to customise learning experiences for students based on their learning needs. 

Analyses of these data also highlight some more general learning issues. For example, notable numbers of students beginning Grade 6 (11 year-olds) were not yet able to read, write, order and interpret four-digit numbers nor use reasoning-based strategies for calculations in Addition and Subtraction, and Multiplication and Division. Such findings are of concern and need to inform policy development, professional learning activities and curriculum development.

Overall, these data highlight several important themes and issues of national and international interest: the range of abilities and number knowledge across the primary school; the challenge for teachers in meeting the needs of all students in light of the range of abilities; issues in mathematics learning that need to be addressed at different points of the primary school years; and the particular learning needs of higher and lower achieving students. The challenge remains for Australian teachers and researchers to draw on local and international experiences that offer insight about how to improve the capacity of communities to provide more effective learning opportunities for all.
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