In a Nutshell

Mathematics and Statistics Curriculum

1. Structural Changes

i. The title of this learning area is now “Mathematics and Statistics.” This change was made to reflect the difference between deterministic (mathematical) and stochastic (statistical) thinking. This change does not mean that Mathematics and Statistics should be treated as disjoint disciplines. The models used in Statistics, such as the various distributions mentioned in levels 7 and 8, have rigorous mathematical foundations and graphical representation is common to both Mathematics and Statistics.  Similarly people working in the mathematical sciences frequently deal with variation in their attempts to model real world phenomena and live with the uncertain nature of the models they create. The inclusion of Statistics in the title also reflects the increasing importance of students gaining competence in using and interpreting data as part of critical citizenship.

ii. The Mathematical Processes, previously contained in a separate strand, are now integrated into the achievement objectives of the content strands. At each level there is an introductory stem, “In a range of meaningful contexts, students will be engaged in thinking mathematically and statistically.” This strongly promotes the need for students to study Mathematics and Statistics though contexts, both real world and imaginary, and to develop the investigational, sense-making skills of practising mathematicians and statisticians at whatever level they are working. 

The second part of the introductory stem is, “They will solve problems and model situations that require them to:”. This is a generic lead into all of the achievement objectives and reiterates the strong emphasis from the 1992 curriculum that only through having problems to solve and phenomena to model can mathematics or statistics be meaningful and purposeful. The achievement objectives from the previous Mathematical Processes strand are also reflected in the active verbs that start all of the achievement objectives. Verbs such as “generalise, communicate, investigate, deduce, relate, analyse, and reason” continue the 1992 emphasis on Mathematics and Statistics as both processes of enquiry as well as integrated bodies of knowledge.

iii. The five content strands of the 1992 curriculum have been compressed into three strands; Number and Algebra, Geometry and Measurement, and Statistics. At levels seven and eight these become further compressed into two strands; Mathematics and Statistics.  The compression of the strands was designed to simplify the structure of the statement and highlight key connections between the previous strands. For example, most of what is measured (e.g. length, volume) is spatial and the act of measurement frequently involves concepts of scale and tessellation that are spatial in nature. 

The Venn diagram at each level is designed to suggest the ratio of instructional time that should be devoted to each strand. At levels one and two the majority of time should be spent on the Number and Algebra strand but by levels five and six the approach should be more balanced across the three strands.

iv. The achievement objectives are fewer in number and more general than in the 1992 curriculum. This change was in response to feedback from teachers through the Curriculum Stocktake Report (2002). Responses suggested that the curriculum was overcrowded and needed significant simplification and integration. 

2.
Summary of Levels

Levels One and Two

The achievement objectives in the Number and Algebra strand reflect research from the Numeracy Projects. Level One achievement aligns with the Advanced Counting stage and Level Two with the Early Additive stage. 

At level one the emphasis is on understanding of counting as “telling how many” irrespective of the size, colour, arrangement, etc. of the objects, and the transfer of this understanding to joining, separating, and sharing problems. Key foundational knowledge such as numeral recognition, and number sequences to 100 is specifically listed in the objectives. Students need to develop their communication skills to describe their findings, including writing simple equations and drawing pictures/diagrams. Continuing sequential patterns is still required. 

At level two the emphasis is on understanding that numbers can be treated as units that can be partitioned and recombined. Students need to apply this understanding to all the domains; addition and subtraction, multiplication and division and fractions and to finding differences in sequential number patterns. The Number knowledge objectives highlight the need for students to learn key knowledge like basic addition and subtraction facts, number sequences to 1000 at least and place value. 

The objectives in Measurement mirror the development of Number understanding. Level One develops measurement as a counting-of-units activity while at level two students are expected to be able to combine and partition measures additively. There is no distinction made between informal (personal) and standard (society accepted) units of measure. That distinction is not supported by research. In the remainder of the Geometry and Measurement strand the objectives reflect no change from the 1992 curriculum. Classification of objects by shape, instructions for movement and position, and symmetry are still important ideas.

The Statistics strand objectives, at all levels, require students to become increasingly proficient at applying the statistical enquiry cycle. This cycle involves all the steps of an investigation, from asking questions to gathering data to communicating findings. At levels one and two there is no change from 1992 in the types of data (category and discrete numeric) that students are expected to use or in the types of displays (pictographs, stem and leaf plots, etc.). Students are expected to develop their statistical literacy by identifying features of simple data displays and critiquing statements made by other students about their displays. The objectives in probability reflect a developmental sequence from considering what might happen in “situations involving elements of chance” (level one) to recognizing when the likelihoods of outcomes appear to be equal or different (level two). Certainty and impossibility have been shown to be difficult for students and have been delayed in comparison to 1992 expectations.

Levels Three and Four

The achievement objectives in the Number and Algebra strand reflect research from the Numeracy Projects. Level Three achievement aligns with the Advanced Additive/Early Multiplicative stage and Level Four with the Advanced Multiplicative/Early Proportional  stage. 

At level three the emphasis is on students developing a broad range of additive strategies with multi-digit whole numbers and applying this understanding to connect multiplication facts using the commutative, distributive and associative properties. Understanding subtraction as the inverse of addition and the application of simple multiplicative strategies to division and fractions are important developments at level three. Students are required to learn key knowledge such as basic multiplication and division facts, multi-digit place value and “benchmark” percentages and decimals, such as 25% and 0.25. Full understanding of decimal place value to three places has been delayed from the 1992 curriculum to allow foundational understanding of equivalent fractions to be developed. 

At level four the emphasis is on students developing a broad range of multiplicative strategies with multi-digit whole numbers and applying this understanding to finding equivalent fractions and fractions of amounts, and to the exploration of other numbers like primes, powers and factorials. Decimals and percentages are developed as special equivalent fractions strengthening the connection between these numbers and fraction and place value understanding. Addition and subtraction are extended to decimals and other fractions, and to integers.

The “patterns” approach to algebra advocated in 1992 is continued, but is broadened to include generalisation of number properties. Students are still expected to use tables, graphs, general rules and equations to represent linear relations. The expectation for the types of rules created is aligned to number strategies, recursive (additive) rules at level three to direct (multiplicative) rules at level four. This expectation is not intended to limit the types of relations students are exposed to (e.g. quadratics, periodic, etc.) or the rules and symbolic expressions that might be used. Technology, such as calculators and spreadsheets, is expected to play a key role in developing students’ ability to identify and describe relationships.

The objectives in Measurement mirror the development of Number understanding and suggest increasing comfort with standard international units (metrics). Level Three develops the multiplicative nature of measurement as applied to area and volume and the reading of scales. At level four students are expected to be able to use multiplication and division to convert quantities measured in different units (e.g. centimetres to metres) and express measures using decimals and correct symbols (e.g. 30.25 cm2) . Measurement of area and volume using multiplication is extended to parallelograms, triangles and cuboids.

In the remainder of the Geometry and Measurement strand the objectives reflect little change from the 1992 curriculum. Giving and interpreting instructions for movement and position, connecting objects and diagrammatic drawings (e.g. plan views, isometric projections) and symmetry are still important ideas. There is more emphasis on the definition and classification of two- and three- dimensional shapes by their geometric properties (e.g. angles, sides, faces, etc.) 

The Statistics strand objectives, at all levels, require students to become increasingly proficient at applying the statistical enquiry cycle. This cycle involves all the steps of an investigation, from asking questions to gathering data to communicating findings. Changes at levels three and four are that students work with multivariate datasets and time series data, use graphs to detect as well as communicate patterns and trends, and find relationships and differences between variables and dimensions (e.g. Males and females, height and sleep time). There is no change from 1992 in the types of displays (bar charts, dot plots, stem and leaf plots, etc.) used though computer technology is expected to play a key role in enabling students to compare multiple displays of the same data. 

Students are expected to develop their statistical literacy by critically evaluating the displays and statements made by others from both statistical investigations and probability activities. The objectives in Probability reflect a progression in the sophistication of using models (e.g. Tables, tree diagrams) to develop expectations for the outcomes of situations. With trialing of situations involving elements of chance, students are expected to accept variation between samples, and between samples and expectations (level three), and to compare expected and trial distributions (level four). 

Levels Five and Six

The achievement objectives in the Number and Algebra strand reflect research from the Numeracy Projects. Level Five achievement aligns with the Advanced Proportional stage and Level Six with generalisation of the number system. As under the 1992 curriculum, students are expected to develop their estimation strategies and to make appropriate choices about the use of mental, written and technology-enhanced calculation methods.

The level five “Number strategies and knowledge” achievement objectives reflect the importance of proportional reasoning as it is applied to conversions between fractions, decimals and percentages, to rates and ratios, to operations with fractions, decimals and percentages and to decimal place value (e.g. 53.78 = 537.8 tenths or 5.378 tens). Through competence with multiplicative thinking students are expected to extend their formal understanding of the number system to include, primes and powers, factors and multiples, and exponents. The objectives also require understanding, as well as proficiency, with all operations involving fractions, decimals, percentages and integers. 

At level six students’ proficiency with proportional reasoning is extended to inverse proportions, including rates, and to the compounding effect of rates (e.g. interest, population growth). The number system is also extended to include negative and fractional exponents (e.g. 81⅓, 7-2). In preparation for calculus students are required to solve optimization or minimization problems using numerical approaches. Use of spreadsheets and calculators (including CAS) is expected to play a key role in solving problems of this type. The inclusion of these new objectives marks a significant change from the mainly process-orientated objectives at level six of the 1992 curriculum.

Under the “Equations and Expressions” and “Patterns and Relationships” threads, at level five, students model situations by forming linear and simple quadratic equations, manipulate equations and expressions, and express their solutions in the context of the situation. Connecting linear and quadratic relations with the features of their representations in tables, graphs and equations is the key outcome in “Patterns and relationships”. This involves recognizing the connection of first and second order differences between terms with the type of relation, of slope of the graph with these differences, and of the values in an equation (e.g. y = 3x – 4) with the slope and y-intercept of the graph. Students at level five also need to generalise number properties, such as the commutative and inverse, as they apply to addition, subtraction, multiplication, and division of whole numbers, fractions and integers, and express these properties using algebraic symbols (e.g. a – b = -b + a, 
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). This requires an appreciation of letters as representing variables, an understanding of the equals sign as a statement of transitive balance and a willingness to substitute number values into formulas as a means of verification.

Under the “Equations and Expressions” and “Patterns and Relationships” threads, at level six, students extend their ability to manipulate equations and expressions to solve inequalities (e.g. y -3
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= 1024), and simultaneous equations with two unknowns. The connection of graph, table and equation representations is extended to simple exponential relationships, and to gradient of a graph as rate of change, with an expectation that students will investigate continuity and range as a lead in to functions at level seven. The emphasis on linear, quadratic, and exponential relationships is not intended to restrict students’ exposure to other relationships such as periodic, logarithmic, and step. 

In the “Geometry and Measurement” strand the significant changes are to the “Measurement” thread. At level five students apply proportional reasoning to standard international units (metrics) through selecting appropriate units to measure, appreciating the approximate nature of all measurement, and converting between units using decimals (e.g. 1.83t = 1830kg). Their multiplicative thinking is applied through deducing formulas for perimeters and areas of polygons, circles and composite shapes, and for volumes of prisms.

At level six students convert between measures of different attributes (e.g. 2.67m3 of water has mass of 2670kg), choose the level of precision appropriate to a task, and solve problems with derived measures that are combinations of two different attributes [e.g. rates such as density (g/cm2), speed (m/s)].

In the “Shape”, “Position and orientation” and “Transformation” threads the objectives of the 1992 curriculum have been synthesized into a lesser number of objectives. At level six a more explicit link is made between proportional reasoning in number and its application to similarity of shapes and trigonometry. In Geometry there is no significant change in expectation from the 1992 curriculum.

The Statistics strand objectives, at all levels, require students to become increasingly proficient at applying the statistical enquiry cycle. This cycle involves all the steps of an investigation, from posing questions to gathering data to communicating findings.

It is expected that technology will play a key role in giving students access to databases (e.g. http://www.censusatschool.org.nz/) and enabling multiple displays of data to be created. 

The emphasis at both levels five and six is to use displays as a means to find patterns, variations, relationships and trends in multivariate (many variable) datasets as well as for communicating findings. Students should work with category, discrete numeric and continuous measurement data, including time series.

At level five distributions should be compared visually, attended to features such as centrality, spread and proportion, and using traditional measures of these features (e.g. mean, median, range) to support the visual findings. In addition to comparing distributions from samples, at level six, students explore issues related to inferring characteristics of a population from samples, including using random sampling. In progressing from levels five to six students should determine then justify their choice of variables and measures, consider then manage sources of variation between samples and between samples and potential populations, and present then justify their findings, including their choice of displays and measures.

In the “Statistical literacy” thread students critically evaluate statistical reports, initially by others (e.g. classmates) at level five to media reports at level six. This critical evaluation reflects their understanding of data collection methods, measures, and probability from their own investigations. Level six involves research to establish the contextual knowledge needed to evaluate the reports meaningfully. Reports are about both data based investigations and/or probability experiments.

In “Probability” the progression is connected to students’ understanding of proportional reasoning. At both levels five and six students use methods such as tree diagrams (of counts), tables, and lists to find all the possible outcomes of situations and express theoretical probabilities using fractions, percentages and ratios. At level five students compare the distributions from trialing with their expectations from the theoretical models, describing the variation with an appreciation of natural variability. At level six students appreciate that increasing the sample size reduces the proportional variation between sampling distributions and theoretical expectations (long-run frequency). 
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In a nutshell: Mathematics and statistics curriculum – a paper prepared for the Ministry of Education
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