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Introduction

The procedure followed in compiling this report included reviewing the relevant literature, sending a questionnaire to international colleagues in statistics education, receiving additional papers from these colleagues which extended the literature review, analyzing personal communications that resulted from the questionnaire, attending and reviewing papers on statistics education at the roundtable conference with the theme the statistics curriculum organized by the International Association for Statistics Education (Lund, Sweden, July 2004) and the topic study group on statistics at the International Congress on Mathematics Education (Copenhagen, July 2004), and drawing on the expertise of the five contributors to this report.


The report is written as a series of recommendations with rationales for each attached, and a bibliography. The recommendations form the executive summary. The report focuses on curriculum in general, then mathematics and statistics, before addressing statistics specific aspects, it ends with comments about the curriculum development process. The intended audience is the maths curriculum reference group and the developers of the maths curriculum. 


Statistics in New Zealand schools made its first significant step forward in the 1970s when the subject applied mathematics replaced mechanics which allowed students to choose two from three options—statistics, mechanics and computing. The statistics initiative was due to the statistician Geoff Jowett from Otago University. The approach he suggested was practically oriented but this emphasis on practical projects and investigation was never implemented to the extent that he had intended. Most of the teachers at that time were trained in mathematics rather than in statistics, and all were involved in the new-mathematics movement. The main texts that influenced the teaching were Fitzpatrick (1968) that provided a traditional approach, and the set-theoretic approach outlined by Mosteller, Rourke and Thomas (1961). 

Next, in the 1980s, mathematics and applied mathematics were replaced by mathematics with calculus and mathematics with statistics. At this stage more students in the upper forms at high schools began learning statistics. The assessment for mathematics with statistics had an internally-assessed practical component which emphasized investigations and projects, but some teachers were not sympathetic to this and undermined the curriculum intention. 

The most recent major change in the mathematics syllabus in 1992 introduced statistics as part of mathematics for students at all levels of schooling. It explicitly emphasized the mathematical processes (problem solving, reasoning, and communicating) and introduced ideas from Tukey’s (1977) exploratory data analysis; and it is from this basis that change is currently being considered.

The authors acknowledge the support of Auckland Uniservices Ltd of the University of Auckland for the administrative support given to them, and the Ministry of Education (Mathematics Curriculum Reference Group) for financing the contract.


Executive summary (Recommendations) 

Part A: School Subjects, Mathematics and Statistics

A1
That curriculum be regarded as “all planned activity for the classroom”. 

A2
That “all planned activity for the classroom” implies taking into account knowledge about the subject, the learners, learning and teaching, and content pedagogical knowledge.

A3
That consideration be given to what is included in the official curriculum, in other supporting documents, and what emerges at other curriculum levels.

A4
That the curriculum acknowledges that knowledge and wisdom require more than accumulation of facts and procedures.

A5
That ‘thinking’ be the major focus of curriculum for the 21st century.

A6
That implications of emerging learning theories be considered within the curriculum. 

A7
That the curriculum be aligned with the explicit aims of subjects and subject component. 

A8
That consideration be given to evolutionary approaches to curriculum development. 

A9
That the curriculum allow for teacher choice so that some optional material may be taught.

Part B:  Mathematics and Statistics

B1
That thinking be incorporated as the main theme in the school mathematics curriculum. 

B2
That consideration be given to what constitutes mathematical thinking and what constitutes statistical thinking and which components of these are unique or similar.

B3
That statistics in schools be associated with school mathematics at all levels.

Part C: Statistics

C1
That changes to curriculum build on existing curriculum in an evolutionary way, and that changes should not lead to a reduction in emphasis for statistics.

C2
That the curriculum emphasis be on statistical thinking and conceptual understanding.

C3
That thinking about variation be a major theme in the statistics curriculum.

C4
That reasoning in uncertain situations be a major theme in the mathematics and statistics curriculum.

C5
That investigating and problem solving be a major theme in the statistics curriculum.

C6
That thinking about probability and probabilistic thinking be major themes in the statistics curriculum.

C7
That communicating be a major theme in the statistics curriculum.

C8
That thinking about connections be a major theme in the statistics curriculum.

C9
That statistical literacy be a major theme in the statistics curriculum.

C10
That the role of technology in statistics and statistics education be acknowledged and brought into fruition.

C11
That consideration be given to new topics and new emphases in the curriculum.

C12
That the role of pedagogy and pedagogical content knowledge be acknowledged.

C13
That the reasoning, thinking, and literacy goals for students are clearly enunciated.

C14
That the links between statistics and probability be emphasized in the curriculum.

C15
That the role of context in statistical thinking be a major theme in the statistics curriculum.

Part D: Statistics Curriculum Framework

D1
That the statistics curriculum be aligned closely with the curriculum aims.

D2
That the content be organized in an integrated rather than an analytic way.

D3
That levels of attainment and progression are acknowledged as problematic.

D4
That a number of other issues may need to be addressed in the curriculum.

D5
That the statistics curriculum has coherence in relation to the mathematics curriculum. 

Part E: Curriculum Development Process

E1
That considerable time be given to groups developing curriculum documents, even though these documents are to be succinct. 

E2
That consultation be extended to include other ‘voices’.

E3
That the complexity of the change process be acknowledged.

E4
That the importance of teacher development be considered in the change process.

E5
That the place of resource development in the change process be acknowledged.

E6
That assessment development follow rather than reinterpret the curriculum.

E7
That future research be initiated to inform future curriculum developments.

Report: The school statistics curriculum

Part A: School subjects, mathematics, and statistics

• Recommendation A1

That curriculum be regarded as “all planned activity for the classroom”. 

Curriculum can be interpreted in many ways; the definition, all planned activity for the classroom (Department of Education, c1985), has been chosen deliberately as it reflects the main purposes of curriculum—a learning framework for students, planning frameworks for teachers, and a policy framework for the Ministry. In saying this it is assumed that curriculum occurs at many levels and the official curriculum is unlikely to include the detailed planning that occurs when each teacher prepares their intended curriculum for a specific class. This implies that there will be a number of curriculum documents, perhaps a brief official curriculum, more detailed teacher guide material, school schemes and lesson plans.

• Recommendation A2

That “all planned activity for the classroom” implies taking into account knowledge about the subject, the learners, learning and teaching, and content pedagogical knowledge. 

Knowledge of the subject and knowledge about teaching and learning assume that in preparing to be a teacher, and in ongoing in-service education, teachers have opportunities to come to know the subject (statistics, and mathematics) and any new developments within these, and at the same time emerging ideas about learning and teaching. This implies that ongoing opportunities (courses and materials) need to be provided for teachers to develop such knowledge. 

Specific content pedagogical knowledge in statistics and mathematics includes at least six elements. These are: language patterns, imagery, standard misconceptions, root questions, contexts, and standard techniques (Centre for Mathematics Education, 1988). These, together with tasks form the basis for planning. 

Language patterns involve the vocabulary of the topic and these patterns are often different from those used in the home. Imagery is involved in getting a sense of, imagining and visualizing. It has often been neglected in statistics when people assumed that learners could imagine abstract ideas without taking time to develop this imagery. Standard misconceptions or alternative conceptions arise and provide teachers with a signal to provide challenges so that learners can modify their ideas. Misconceptions arise when a learner is on a wrong track, but are often common to many in a class and may be regarded as not atypical developmental phases in the learners’ thinking. Root questions are about how the topic emerged, why the result is important, and therefore why the class is considering the topic. Even when these questions are not asked, learners have the right to know the answers to them. Related to root questions are the different possible contexts for the question. Different contexts suggests generalizing, while using one very familiar context is specializing which is one way of scaffolding an abstract idea. The standard techniques and methods range from specific ones that relate to particular topics, to general ones such as statistical thinking, however these are only useful if learners recognize when they can be used appropriately.


Knowledge about the learners relates to their prior experiences but should not lower the teachers’ expectations of their powers and what they can learn.

• Recommendation A3

That consideration be given to what is included in the official curriculum, in other supporting documents, and what emerges at other curriculum levels.

The curricula for each subject (and topics within subjects) are likely to follow a similar pattern. One consequence of this is the need to consider what is relevant in all subjects, and the level of specificity required so that different subjects are analyzed to a similar level. 

Using the definition “all planned activity for learning” then each subject curriculum (including statistics and mathematics) will include guidance in terms of what is to be taught , how it might be learnt and taught, and relevant content pedagogical knowledge. Such assistance may be in supporting curriculum documents such as teacher guides.

Curriculum means different things to different people. It may mean the official curriculum documents, the assessed curriculum, the planned curriculum (or school scheme), or the individual teacher’s lesson plans, while others see the textbook as the de facto curriculum. The following table lists some curriculum levels (from Begg, 2004).

 
Table: Some curriculum levels


Levels
Examples




National
Official curriculum


Official examination/test syllabi


Official interpreted curriculum—teachers guides & resources


Commercially interpreted curriculum—textbooks & resources


Assessment interpreted curriculum—tests/examinations


School
School curriculum (or school scheme)


School assessment interpreted curriculum


Teacher
Planned or intended curriculum (lesson plans)


Taught or implemented curriculum


Classroom assessed curriculum 


Student
Experienced curriculum


Learnt curriculum


These levels indicate the complexity of curriculum. Curriculum is not a set of documents, it involves interrelationships between the levels in the table and the people involved at each level. Thinking of the interrelationships reflects the dynamic nature of curriculum with the continual emergence of new trends, new policies and regulations, new textbooks, new teachers’ guides, new technology, new assessment, and new planning each year to suit new students. This complexity can be interpreted as implying an evolutionary change system of interacting components, not a mechanical cause-effect system. It is neither a ‘top-down’ nor a ‘bottom-up’ system, but rather a ‘both-ways’ or ‘all-ways’ system. 

• Recommendation A4

That the curriculum acknowledges that knowledge and wisdom require more than the accumulation of facts and procedures.

One of the general aims of education is the development of wisdom, and this is much more than a knowledge of facts and procedures, although such knowledge is one aspect of it. Hart (2000) has discussed wisdom in terms of the need to integrate various aspects of information, knowledge, and understanding. 

 
This need to integrate various aspects of knowledge is particularly true within mathematics and statistics. The aspects that need to be integrated within any subject curriculum include the ‘big ideas’ or major themes of the subject, the thinking that the subject develops to help learners make sense of their world, and a meta-cognitive awareness.

• Recommendation A5


That ‘thinking’ be the major focus of curriculum for the 21st century.

All subjects (including mathematics and statistics) are useful because they contribute to ways of making sense of one’s world by providing different ways of thinking and multiple perspectives on one’s world. Such thinking links the procedures and the knowledge of the subject, and connects with the social relevance of learning. Making sense in this context is not only gaining understanding, but has bodily implications of knowing with the senses and subconscious knowing. Thinking that links procedures and content knowledge in a coherent way moves learning from the development of low-level understanding closer to the development of wisdom. The contribution to thinking that each subject makes needs to be stated explicitly in the curriculum for each subject.

This focus on thinking is evident in calls for critical thinking (that is thinking that questions basic assumptions), creative thinking, independent thinking, and in the surge in philosophy as a school subject. According to Resnick (1987) each discipline has its own characteristic ways of thinking and these must be embedded into the discipline itself. It has become the focus of new courses in mathematics and statistics at the Open University in England where a recent post-graduate initiative has begun that focuses on mathematical thinking, algebraic thinking, geometric thinking, and statistical thinking. The need for a ‘thinking’ curriculum has also become evident from conversations with teachers, university lecturers, and policy makers at informal meetings and educational conferences. 

Accepting thinking as the new explicit dimension of the NZ curriculum in all subjects means accepting (i) that there are no models to follow, (ii) that curriculum writers in all subjects, (including mathematics and statistics) will need considerable time to re-conceptualize the curriculum documents, and (iii) that teachers will need time to take these ideas to heart.

• Recommendation A6

That implications of emerging learning theories be considered within the curriculum. 

In the early 80s behaviourism was the generally accepted theory about learning. This implied that it was reasonable to analyze objectives, teach to each until it is mastered, and assess each objective separately. Now various forms of constructivism (and enactivism) are more generally accepted (Begg, Davis, & Bramald, 2003) and these imply that learning involves a more complex ‘schema’ building with both the building process and the resulting schema being unique to each learner. Schema building involves making links; instead of thinking of concepts as being known. And schema building assumes that one thinks in terms of developing progressively better understandings. However, current curriculum documents have been structured on the basis of behaviourism with topics broken into specific objectives. 

In this regard progression in terms of learning of a subject as problematic. While it is acknowledged that teachers will plan a teaching progression, the learning process needs to be envisioned as more complex. A spiral progression is likely to be more fruitful than a linear one as learning develops over time as learners revisit topics, see them from different perspectives, make new connections between topics, and have the opportunity to revise/review earlier learning. A spiral curriculum also fits with the notions of ‘thinking’ and ‘investigating’, both of which require much more than mastery of one objective. 


Curriculum needs to be designed in a way that reinforces what we know about the learning process rather than reflecting a logical structure of the subject, and associated assessment should be designed with regard for the notions of the complexity of knowledge formation and the spiral curriculum. 

• Recommendation A7

That the curriculum be aligned with the explicit aims of subjects and subject components. 

The main aim of each subject in the curriculum is to provide learners with different and complementary ways of thinking to help them make sense of their worlds. We see mathematics and statistics as doing this within each of its main components—algebra (including number and calculus), geometry (including measurement and trigonometry), and statistics (and probability). 


Other educational aims such as fostering personal development (including curiosity, creativity, imagination, independence, and perseverance), social development (relationships and community), and economic development need to be stated and the curriculum needs to address these. Some of these aims relate to the essential skills in the school curriculum framework and subjects like statistics all have contributions to make to the development of these skills.


In a similar way statistics needs to be linked with the aims of other subjects because statistics plays a significant part in them, in particular in the science and social science subjects. These links are two-way; the statistics taught and needed within these subjects should be aligned in terms of approaches with the statistics taught with mathematics.

• Recommendation A8

That consideration be given to evolutionary approaches to curriculum development. 

In the recent past the research/development/dissemination model has been used as the basis for curriculum development in New Zealand. Unfortunately there has been little classroom-based research funded to inform developments, the development has been done within a very limited time frame allowing little time for teacher involvement, and the dissemination stage has not always been adequately supported. Begg, Davis and Bramald (2003) have discussed the desirability of replacing the RDD model with one that takes into consideration the complexity of the change process. Their model assumes that change or development is a form of growth or learning that is ongoing although also has spasms of rapid growth; that change in education and in learning is not revolutionary but evolutionary or emergent with new ideas and practices always being built on prior experience. The complexity involves many aspects including: researching, reflecting-on-practice, growing professionally, developing resources, developing curriculum, developing assessment, developing policy, and theorizing. 

• Recommendation A9

That the curriculum allow for teacher choice so that some optional material may be taught.

There is a need to base curriculum change on ‘trialled’ alternatives. To ensure that this is possible requires a method of allowing teachers to either make choices on some optional materials, or to replace some parts of the curriculum with others. The need for this is increasing as the nature of subjects (including mathematics and statistics) change because of influences such as technology. A number of countries in Europe already provide space for teachers to modify their implemented curriculum. One concern with options and choice is that some schools may only teach the compulsory part of the curriculum, but a number of strategies are available to avoid this. 


Part B:  Mathematics and Statistics

• Recommendation B1

That thinking be incorporated as the main theme in the school mathematics curriculum. 

Hiebert and Carpenter (1992) wrote about the need for students to understand mathematics and how understanding evolves with thinking rather than by rote learning of facts and procedures. 

Habits of mind: an organizing principle for mathematics curriculum (Cuoco, Goldenburg, & Mark, 1996) moves the focus for curriculum from what we want mathematics learners to know and do to how we want them to think. The focus in their article is mathematics but the notion can be extended to statistics. This idea of thinking fits with an aim of teaching the subject such as ‘to make sense of the world from a mathematical/statistical perspective’. Some of the habits that the authors suggest were summed up by headings which included: students should be pattern sniffers, students should be experimenters, students should be describers, students should be tinkerers, students should be inventors, students should be visualizers, students should be conjecturers, students should be guessers, and then mathematicians talk big and think small, mathematicians talk small and think big, mathematicians use functions, mathematicians use multiple points of view, mathematicians mix deduction and experiment, mathematicians push the language, and mathematicians use intellectual chants. 


In emphasizing thinking there is an acknowledgement that thinking, doing, and knowing are not independent, they are interrelated. While they are learnt and occur together, thinking underpins the other two and it is this thinking that needs to be brought to the fore rather than having learners master procedures and learn facts without being aware of their relevance.
• Recommendation B2

That consideration be given to what constitutes mathematical thinking and what constitutes statistical thinking and which components of these are unique or similar.

In the last mathematics curriculum (Ministry of Education, 1992) the mathematical processes were introduced—problem solving, reasoning, and communicating; and implicitly, making connections. These processes were seen as what one does while the content reflected what one knows. These processes are underpinned by thinking skills that need to be made more explicit. 

Problem solving includes using the problem-solving or investigative cycles of mathematics and statistics, modeling within mathematics and statistics and problem posing and experimental design. These require considerable thinking as one selects appropriate approaches to solve a range of unfamiliar problems. 

Reasoning includes conjecturing, experimenting, justifying, proving, inferring, evaluating, convincing others, generalizing and specializing, in situations of relative certainty and in uncertain situations. 

Communicating involves reading and writing, listening and speaking, and interpreting visual images and depicting (imag[in]ing). Communication in class occurs between teacher and learner, between learners, and at an individual level as a learner ponders ideas. Communicating is important in mathematics and statistics both in terms of the subjects themselves and learning. 

Making connections involves pattern recognition, looking for similarities and differences, applications (generalizing and specializing), using multiple representations (words, diagrams, tables, and symbols), and working in contexts in maths and statistics. Multiple representations in statistics is more than making connections between the representations at a mathematical level; it is essential to transform the data into different representations to gain insight into the contextual situation or problem at hand and is crucial for statistical reasoning and thinking about a situation. 


These and other thinking skills in mathematics and statistics are more important than many of the facts that can be looked up or procedures that can now be done using technology. 

• Recommendation B3

That statistics in schools be associated with school mathematics at all levels.

Holmes (2002) wrote that “statistics is not mathematics and mathematicians may not appreciate the breadth of the subject”, while Moore (1997b) claims that “the trouble with statistics is that it is not mathematics” he goes on to say that it “is a methodological discipline, the science of inference from empirical data”. He sees the three main components as data analysis, designs for data production, and formal inference. However he claims that “although the place of statistics in mathematics instruction may be marginal, the place of mathematics in statistics instruction remains central”. It has been argued that mathematics is concerned with reasoning with certainty (albeit relative to assumed axioms) while statistics is concerned with reasoning with uncertainty, and that this and other differences has meant that in some universities mathematics and statistics have been separated; however, statistics remains a mathematical science. 

The argument that statistics should be a separate subject (as in advanced placement courses in the USA or in A-level in the UK) is possibly valid at the senior level of schooling (Year 13) but the USA and UK experience is very different from that in New Zealand where historically statistics has been a bigger part of mathematics in the earlier years. The notion of a separate subject taken by a minority of students was relevant when the subject was first introduced (when applied mathematics replaced mechanics in the 1970s).

While statistics is used in other school subjects, it is the major aspect of quantitative literacy needed for citizenship by all, and it needs to be taught within one compulsory subject where it can be taught in a coherent way—the obvious home for it is in mathematics.

Scheaffer (2004) has said that 

statistics at the school level is generally taught as part of the mathematics curriculum, but there are major differences between statistics and mathematics (or between statistical thinking and mathematical thinking, if you like). The curriculum needs to clarify these differences so that statistics can be used to motivate and illustrate mathematical topics, but still maintains a core that is distinct from mathematics. A little statistics mixed into a mathematics course helps neither the statistics nor the mathematics, and students come away more confused than ever about both subjects. I do believe, however, that statistics and mathematics can make a happy and productive marriage.

Assuming that statistics is taught with mathematics, the question remains regarding the extent and desirability of separation or integration with other topics (number, arithmetic, algebra, calculus, measurement, geometry, and trigonometry). While the curriculum needs to have a structure and separate topics seem logical, it can be unfortunate if opportunities to link topics are missed. Dunkels (1994) reported on the success he had with 8-year olds when linking stem-and-leaf plots and place value. And Watson (2004b) has suggested that desirable links can be made between statistics and mathematics with both measurement and proportional reasoning. MacGillivray (2004) acknowledged the relationship between mathematics and statistics, and said that although they are different, they have much in common.


Another question is should statistics and mathematics be for all students or only for some? The need is for all, the UNESCO slogan “mathematics for all’ seems worthy, and accessibility for all is particularly important because the research does not support ability discrimination, that is streaming, tracking, or setting (Boaler, 1997; Gates & Vistro-Yu, 2003).


Having statistics taught with mathematics has implications for pre-service and in-service teacher education. The two subjects have significant differences and there is a need for teachers to have a good background in both. For high school teaching mathematics teachers should have both mathematics and statistics in their degrees, and for primary teachers their programmes need to cover both subjects. As many existing teachers do not have qualifications in statistics, part of any teacher education plan should focus on addressing this need.

Arguing that statistics should be taught in mathematics does not alter the fact that it also part of interdisciplinary projects. Thus, a statistics teacher might be regarded as a consultant who another teacher could call upon to ensure that the statistics being used was of the highest standard and was aligned with the approaches used in the mathematics and statistics course. 


Part C: Statistics

• Recommendation C1

That changes to curriculum build on the existing curriculum in an evolutionary way, and that changes should not lead to a reduction in emphasis for statistics.

Considering the possible curriculum, Jane Watson (2004b) from Australia who is one of the overseas experts most familiar with the current New Zealand curriculum said, 

Do not remove the emphasis that is in the 1992 NZ Mathematics Curriculum. It is a leader in the world. 

Camden (2001) reflecting the views of the educational subcommittee of NZSA says much the same, he sees the current curriculum as needing more time to become fully embedded, and while fine-tuning is desirable to provide such things as clearer foci at each level, he sees the subcommittee as not seeking major changes in direction, rather major changes in the approach to teaching statistics. Others (for example, Noble 2004) see substantial changes needing to be made in New Zealand and questions whether an evolutionary approach will be enough.

Batanero (2004) has written about the evolutionary development of stochastic ideas from childhood to maturity, which implies the need for opportunities for continuous growth, while Holmes (2002) claims that primary school children can learn and enjoy elementary probability and statistics, that the early ideas of probability and inference can be developed at this young age, and that teaching should be based on practical methods with calculations deferred. These researchers support the notion that statistics should continue to be in the early-years curriculum. 


More importantly, in terms of not reducing the emphasis on statistics is the need for statistical thinking skills to enable adults to participate fully in the community, (this is discussed more fully under C9, statistical literacy).


Returning to Watson’s comment, “it is a leader in the world”, New Zealand statistics educators wish to continue in this leadership role. They see the move forward as introducing statistical thinking explicitly into the curriculum but acknowledge that this is new so will take some considerable time for the curriculum writers to achieve and for teachers to take on board. They see this as able to be achieved without losing what is already there, namely the spirit of Tukey’s (1977) exploratory data analysis, and the three strands that might be better renamed as statistical thinking, statistical literacy, and probabilistic thinking.


Being a leader in the field has also had implications for this review—because New Zealand is a leader, there are a number of areas where we looked for literature but found none as research has not yet been carried out on the topics.

• Recommendation C2

That the curriculum emphasis be on statistical thinking and conceptual understanding.

“Statistical thinking will one day be as necessary for efficient citizenship as the ability to read and write”, (H. G. Wells, 1886-1946). In pondering on curriculum foci content (facts and procedures), doing, thinking, or rich learning activities emerge as possibilities. Konold (2002) asks for concepts not conventions, and Watson (2004b) has said, consideration needs to be holistic, not split into tiny compartments; e.g., graphs need to be produced with a purpose of answering a question, not just producing a pretty picture.  Activities should start with a question about chance or data that can be “answered”, and by “answered” I don’t mean with a number like “6” but a reasoned conclusion based on the activity and the context. Makar (2004) voices a similar concern when she says that her 

greatest “issue” with the school curriculum is its imbalanced focus on standard procedures and terminology without opportunities for students to construct the potential that these procedures and terms have for understanding and solving authentic, messy problems. The current curriculum promotes a mindset of dichotomous thinking with problems that are too simplistic, and the learning of skills serves no particular purpose for the student except to be successful in school.

Reading (2004) says much the same when she asks for a less procedural approach to the statistics and probability sections in the curriculum, instead the curriculum needs to be expressed in such a way that the key modes of statistical thinking are encouraged. In this regard Reading & Reid (2004) note the importance of weaving statistical thinking, through the curriculum.

Conceptual understanding is required and this involves an increasingly complex web of ideas based around the facts, the procedures, the links between these, and the way that these are thought about and used. The recent NZ curriculum (Ministry of Education, 1992) emphasized the processes, that is ‘doing’, as well as the content which can be thought of as ‘knowing’, but the links between these need to be elucidated further, and, as Snee (1999) suggests, the next step will be a greater emphasis on ‘statistical thinking’ as thinking entails some of the notions associated with the processes, but also much more. Such thinking links definitions, procedural notions, and processes to conceptual understanding. This emphasis on conceptual understanding was highlighted by the GAISE Group (2004) who asked for an emphasis on “conceptual understanding rather than mere knowledge of procedures”.


From this perspective there is a need to be explicit about what is meant by statistical thinking. The American Statistical Association Working Committee on Statistical Thinking (1993) defined it as:

a) the appreciation of uncertainty and data variability and their impact on decision making

b) the use of the scientific method in approaching issues and problems

In the domain of quality control and process improvement, Snee (1990) defined it as:

thought processes, which recognize that variation is all around us and present in everything we do, all work is a series of interconnected processes, and identifying, characterizing, quantifying, controlling, and reducing variation provide opportunities for improvement.

Pfannkuch & Horring (2004) discussed how notions of statistical thinking were being used in school situations, but for many teachers the meaning of “statistical thinking” needs to be unpacked much more. 


Wild and Pfannkuch (1999) have gone further and developed a framework for statistical thinking. They identified four dimensions: an investigative cycle, types of thinking, an interrogative cycle, and dispositions. They stated that there were five fundamental types of statistical thinking: 

- recognition of the need for data

- transnumeration (i.e. changing representations to engender understanding) 

- consideration of variation

- reasoning with statistical models

- integrating the statistical with the contextual.

Their model may seem complex to teachers, however it has been used successfully with year 11 teachers (Pfannkuch & Horring, 2004). Wild and Pfannkuch (1999) have identified a need for teachers and researchers to come to a common consensus of what they mean by statistical thinking. This emphasis on statistical thinking will represent a major paradigm shift for teachers (Camden, 2004).

Chance (2002) has suggested that the mental habits and problem solving skills needed to think statistically include: 

1 consideration of how to best obtain meaningful and relevant data to answer the question at hand

2 constant reflection on the variables involved and curiosity for other ways of examining and thinking about the data and problem at hand

3 seeing the complete process with constant revision of each component

4 omnipresent skepticism about the data obtained

5 constant relation of the data to the context of the problem and the interpretation of the conclusions in non-statistical terms

6 thinking beyond the textbook.

Scholz (1991) has described four stages in students’ statistical thinking. These are non-statistical, naïve-statistical, emergent-statistical, and pragmatic-statistical. Scholz says that the design of curriculum needs to acknowledge these stages as learners take some time to move from a lack of awareness of statistics, to some awareness but use of misconceptions, then to a more advanced awareness including an appreciation of classical and frequentist perspectives, then finally to an in-depth understanding of statistical models. Of course Scholz’s ‘stages’, like all models designed from research, reflect past practice and past teaching methods, and may not be as relevant in the future. But they do imply a cycling through some developmental stages that is usually assumed to occur whenever a learner is introduced to a new concept.

Other research, such as Jane Watson’s (2004a) work documenting Tasmanian K-12 students’ statistical and chance reasoning in longitudinal studies, have also developed hierarchical models for describing the complexity of students’ thinking from intuitive thinking to integrated statistical thinking. These hierarchical models would be useful for teachers and curriculum developers for scaffolding students’ thinking to higher levels. In many of her studies she found that students were not progressing sufficiently in their thinking throughout the grade levels, which she attributed largely to teaching methods (Pfannkuch & Watson, 2004). Many researchers (e.g., Bakker, 2004a) are now recognizing that there are many areas of statistics in which there are difficult transitions for students’ conceptual understanding and that there is a need to design activities to scaffold such understanding. Many of these designed activities realize the importance of starting with students’ intuitive thinking and then building on this thinking.

Along with thinking is conceptual understanding. In the past statistics was split into small objectives under headings such as averages, measures of spread, descriptive statistics (graphs), simple probability, binomial distribution, normal distribution, other distributions, sampling, statistical inference, correlation, lines of fit, etc. Now it is usually organized under broader headings such as collecting data, summarizing data, making inferences from data, and doing statistical investigations, but the emphasis in some teaching may not have changed. To develop conceptual understanding there is a need to link the ideas of statistics by emphasizing statistical thinking. This would help overcome the criticisms that in maths and statistics we analyze but do not synthesize the content, and we partition topics resulting in learners losing the big picture. 


Shaughnessy (in progress) writes of statistical thinking and statistical literacy as being the two major foci for statistics education. He goes on to refer to research in areas that might be regarded as the ‘big ideas’ of statistics. With this emphasis on thinking and conceptual understanding in mind the next seven recommendations (C3 – C8) look at more detailed aspects of statistical thinking along with reasoning and literacy, but assume that these aspects of thinking need to be presented in an intertwined way. This fits with Gal’s (2004) notion of the need for balance in terms of doing, knowing, interpreting, thinking, and communicating in statistics. He acknowledges that each can be viewed separately but care must be taken to address issues of connections and cross-linking of topics.
• Recommendation C3

That thinking about variation be a major theme in the statistics curriculum.

In this context variation is intended to not only include thinking about distributions and their graphs, thinking about samples and populations, chance outcomes, and decision making but also the whole empirical enquiry process. 

Moore (1990) sees variation as the central aspect of statistical thinking. His five core elements include:

- the omnipresence of variation in process
- the need for data about processes

- the design of data production with variation in mind

- the quantification of variation

- the explanation of variation.

Shaughnessy (2004) believes variation is paramount and that there has been an overemphasis in school mathematics on centres at the expense of variability. Noble (2004) also sees the need for statistics to be introduced with data sets, dot plots, and then discussion of the shape of the plots and the reason for variation rather than initially focusing on procedures for calculating averages. Shaughnessy, Ciancetta, Best, & Canada (2004) reported on their research on student reasoning about variability. They found that students do indeed attend to variability, especially when the role of centres is not very salient in the distributions or data sets that they are comparing. The conceptions about variability that arose in the student thinking on the project tasks related to: variability as extremes or possible outliers; variability as spread; variability in the heights of the columns in the stacked dot plots; variability in the shape of the dispersion around centre; and to a lesser extent, variability as distance or difference from expectation, all these conceptions of variability surfaced in the students’ responses to these two tasks. They discussed how Moore (1997a) and Wild & Pfannkuch (1999) have suggested that variation is the lynchpin of statistics, without it, there is nothing to investigate, and saw their writing as suggesting that variability should be the issue around which we organize the teaching of statistics. The research of Shaughnessy, Ciancetta, Best & Canada (2004) indicates that aside from the statistical reasons for emphasizing variability in teaching statistics, there may be some sound pedagogical reasons as well. They found that students have some intuitions about variability that might provide a foundation to build upon and that this seems particularly true when the data sets they are considering are within a familiar context.

Gravemeijer (2004) stated that in previous instruction students were expected to describe distributions whereas in the new instruction students developed the notion of distribution, not by looking at one distribution but by comparing data sets. Bakker (2004a, pp 244–248) discussed students developing the notion of distribution, based on the idea of comparison of data sets as statistical reasoning involves making decisions about whether an event X is bigger or better than event Y. He suggested a range of activities including: 

estimating a large number of objects in a picture; comparing different distribution aspects in a value-bar graph; explaining what an average box is in a value bar graph and reinventing a compensation strategy for visually estimating the mean; inventing data according to aggregate features and coordination of centre and spread in a meaningful context; comparing spread of data sets in a value-bar graph and a dot plot and describing how data are spread out with respect to organized dot plots; estimating numbers using a notion of average, and discussing sampling methods; characterizing a larger sample; representing various distribution aspects from a story; comparing student graphs of one data set and reason about shape as an object.

This importance of variation as a focus, even before standard deviation is introduced, was reinforced by comments from Bakker (2004b), Makar (2004), Thompson (2004), and, Watson (2004b). As Makar said, “the current curriculum/pedagogy does not allow students to develop reasoning about distributions, there is a need for work to be done on interpreting distributions, with a delay in use of statistical measures”. The calculation for standard deviation is normally introduced at Year 12 but there is a need from the very early years to build up a conceptual understanding of spread through activities that reinforce distributional reasoning.

Biehler (1997), working from the perspective of how a statistical expert would handle data, identified a number of problem areas for teaching data analysis. McClain, Cobb, and Gravemeijer (2000) reported that instruction focused on patterns in how data were distributed, developed seventh grade students’ ability to reason about group propensities, such reasoning being within the context being explored. Camden (2004) sought more emphasis on estimating and describing rather than conjecturing and testing in the initial stages. Konold and Pollatsek (2002) recommended that the early teaching of statistics should focus on informal methods of data analysis and envisaged a focus on why data are collected and explored and what one learnt from the data. Their idea of a ‘data detective’ approach to data analysis fits with Pfannkuch, Rubick and Yoon (2002b), who believe students should approach data analysis in the thinking roles of hypothesis generator, discoverer, and corroborator when working with data. Building on this Pfannkuch, Budgett, Parsonage, & Horring (2004), considering boxplots, have outlined a pedagogical framework which details aspects about interpretation that have relevance to the curriculum. They emphasized the main ideas that students need to experience and develop for inference, namely, (i) knowing why they should compare centres, (ii) describing and interpreting variability within and between sample distributions (distributional reasoning), (iii) developing their sampling reasoning, and (iv) how to draw an acceptable conclusion based on informal inference. All of these ideas for inferential reasoning are underpinned by variation thinking. 

Variation occurs throughout the statistical investigation process, some being explainable and some random. Special-cause versus common-cause variation is a distinction, which is useful when looking for causes, whereas explained versus unexplained (random) variation is a distinction, which is useful when exploring data and building a model for them. Noticing variation is a precursor to posing a question, data collection and generation is designed with variation in mind, variation occurs in sampling and in the management of data, patterns are detected in the variation in the analysis phase, and conclusions are based on uncertainty.

• Recommendation C4

That reasoning in uncertain situations be a major theme in the mathematics and statistics curriculum.

Thompson (2004) sees attention to statistical and probabilistic reasoning instead of the application of rules and formulas as being needed. This fits with the important notion of inference that is a key topic issue in statistics and is simply reasoning in an uncertain situation. Burrill (2004) sees this statistical reasoning along with the use of simulation as being important to build understanding, and she gives as an example, how to make graphs that answer questions and how to recognize those that do not! (rather than focusing on how to make graphs!). Students should also experience decision-making under uncertainty, developing their own criteria for making decisions such as arbitrary cut-off points for determining whether there is a real difference between two groups (Pfannkuch, in press). 

• Recommendation C5

That investigating and problem solving be a major theme in the statistics curriculum.

Investigations and problem solving are used as inclusive terms to include modeling, and experimental design, as well as problem posing. Within statistics simulation is also assumed as an important approach to problem solving. The major difference between problem solving in statistics and mathematics is that data is involved, apart from that somewhat similar investigative cycles are used in iterative ways. More time needs to be spent on problem formulation, design and the data production stages (Shaughnessy, in progress).


Posing questions and the process of making conjectures is sophisticated thinking and students need to learn this process (Finzer & Eriksen, 2004; Pfannkuch & Horring, 2004). The importance of experimental design has been emphasized by Wild & Pfannkuch (1999), by the National Council of Teachers of Mathematics (2000), and by Groth (2003) who developed a working framework for describing high school students’ thinking in regard to statistical study design. Makar (2004) sees statistical use occurring too late in the inquiry cycle, and sees 

a need for an increased emphasis on “front end” activities in statistical inquiry; for example, understanding the purpose and benefit of using data/statistics to solve a problem, awareness of the contextual issues that influence the approach and interpretation of the problem, development of measurable conjectures, finding appropriate data, setting up a representative sample, understanding limitations of data (including confounding and lurking variables), and setting up the elements of data analysis that will provide evidence to support/refute the conjecture or uncover interesting elements of the problem (and generate further questions) 


Other colleagues see purposeful investigations as motivational (Watson, 2004b; Chance 2004) and as useful cross-disciplinary experiences (Chance, 2004). While Reading (2004) sees such investigations as needing to be more realistic and requiring large data sets, Noble (2004) sees considerable value in using small data sets for many activities. Scheaffer (2004) sees the design of studies, both sample surveys and experiments, as needing more attention because ‘no statistical technique can salvage bad data’. He sees the randomized comparative design is one of the major contributions of statistics to the world. Bakker (2004b) sees the investigative cycle as a way to break away from the topic-topic-topic approach in which topics are addressed without coherence. At the same time, Wild & Pfannkuch (1999) warn that “let them do projects’ is not enough, and emphasize the need for structure in the learning process. Investigations should also include using EDA techniques on given multivariate data sets where students are required to pose questions, analyze data and draw conclusions, and not merely do calculations. Experimental design, however, should be a feature that is emphasized in the curriculum.

• Recommendation C6

That thinking about probability and probabilistic thinking be major themes in the statistics curriculum.

Chance (2004) summarizes a general feeling about the place of probability in the statistics curriculum, she says that:

If you asked me what needs to be de-emphasized in teaching statistics, I often say probability. They don't need to spend years rolling dice and flipping coins to be able to reason about variability and sampling. However, there is a role for probability, it just shouldn't always be the first, and often the only entree into the discipline of statistics. Younger students need more data analysis and thinking about data collection issues.

However, as Burrill (2004) points out, probability is important, and we do need to 

build some comfort with probability; particularly trying to get the ideas of independence and dependent straight so when they see it in the world, they recognize it is important …  (and) … probability is not done only with balls and coins—these are models for real contexts. The question should be given in terms of the context and students then learn to find a model that will help them in the analysis. 

The curriculum must purposefully interconnect balls-in-urns type problems with social context problems so that probabilistic situations are recognized and appreciated in real world contexts. In fact Shaughnessy (2003) suggests that perhaps data (statistics) should drive probability and students should begin with tables of data.

Lajoie (1998) makes a clear link between statistics and probability, she says that “the unifying thread throughout the probability curriculum should be the idea of distribution”. From this perspective probabilistic thinking links very strongly with thinking about variation. 


In the last decade probability education research is sparse. Pfannkuch and Watson (2004) identified that there was too much focus in the curriculum on symmetric situations and that there should be more emphasis on asymmetric situations; students find it easier to think in terms of frequencies rather than probabilities; and the transition between the two types of thinking needs to be carefully thought through. Many probabilistic misconceptions have been identified in students’ reasoning but there is limited research on teaching methods such as cognitive conflict that may effectively address them. Current research (Shaughnessy, 2003) shows that the linking of variation-type reasoning with probabilistic reasoning, through simulations and distribution ideas, may be a way of introducing students to probability. The notion of risk is prevalent in the media and even though limited research has been done on students’ understanding of risk the question arises as to whether risk should be incorporated into the curriculum. 

Much work needs to be done in bringing probability and statistics together, the research in probability education does not seem to have moved much over the last decade or so and this is likely to be a major task for the curriculum writers.

• Recommendation C7

That communicating be a major theme in the statistics curriculum.

Communicating is important both as part of statistics and as part of learning. It includes not only listening and talking but also visual communication (representing data, interpreting graphs and depicting situations), and using and understanding written and symbolic communication. Report writing is one of the obvious aspects of communication in statistics and this involves visual displays as well as verbal and symbolic writing. 

Monteiro & Ainley (2004) have discussed the importance of interpretation of graphs, and the development of a critical sense in the analysis of data, they see such interpretation as a key element of the ‘statistical investigation process’ which comprises: posing the question, collecting data, analyzing data, interpreting the results, making deductions and communicating results, and as being the process by which people can establish relationships within data, and infer information. Wu (2004), working with a framework of graph reading, graph interpretation, graph construction, and graph evaluation, identified twelve categories of error; however, her work continues to reinforce a number of rigid procedural aspects of graph construction that do not necessarily contribute to good communication.

Curcio (1987) developed three levels for graph interpretation: reading the data, reading between the data, and reading beyond the data. Her work is widely quoted and has been built on by subsequent researchers. Watson (2004c) believes that reading beyond the data, such as making predictions and speculating should start early. Shaughnessy (in progress) listed eight levels for graph interpretation and such work must be given attention in the curriculum. Furthermore, Chick (2004) believes that representation of data has been overlooked in current research, which has concentrated on students’ interpretation of given graphs. A key element in the investigation process is the representation of data, a facet that students do not find easy. Determining which representations will be useful for analyzing the data and which are best for communication purposes are difficult for students. Pfannkuch and Wild (1999) recognized this type of thinking as applying techniques and believed that one way of developing such thinking would be to expose students to large numbers of disparate situations. Bakker (2004a) has discussed how the process of symbolization evolves as students learn to reason about distributions. He emphasized that diagrammatic reasoning involves three steps: constructing a diagram, experimenting with it, and reflecting upon the results.

Tufte (1983) is a pioneer in drawing attention to new ways of communicating messages in data. Such visualization of quantitative information is an area that needs to be addressed particularly as technology allows, for example, three-dimensional plots and rotation techniques to ‘see’ the data. 

The talking and listening component of communication relates particularly to the learning process but also to working with others that is an important aspect of how statisticians work when investigating a situation where they lack the contextual background.

Evaluating the statistical process involves the ability to communicate and to evaluate, a skill that involves communicating an improvement, justifying that improvement, and relating that justification to the question under consideration (Pfannkuch, in press). Cobb (1999) also documented a similar argumentation schema for students to convince someone else that such an inference or decision could be based on their structuring of the data. Ridgeway, McCusker and Nicholson (2004) believe such evidence-based thinking and interpretation that includes weighing up the evidence and thinking of alternative explanations should be part of the statistics curriculum. This type of communication needs to be fostered in the curriculum.

• Recommendation C8

That thinking about connections be a major theme in the statistics curriculum.

Making connections includes connections within statistics, connections between statistics and mathematics, connections between statistics and the topic of an investigation, and connections between statistics and other subjects.

The importance of multiple representations is well established in mathematics education. Goldin (2002) has written of five types of representation that need to be considered, they are:

verbal-syntactic (related to natural language)

imagistic (including visual-spatial, tactile-kinesthetic, and auditory-rhythmic)

formal notational (conventional symbol systems and rules for their manipulation)

meta-cognitive (planning and control of thinking)

affective (beliefs and attitudes).

Within statistics the multiple representations are likely to include natural language, concrete materials and contextual links, symbols, equations, tables and spreadsheets, databases, pictures, and graphs and one of the challenges for teachers is to help learners see that these different representations can all be used to represent the same things. These multiple representations of data are important because they highlight different aspects of the data and encourage the user/learner to interrogate the data set in different ways. At the same time the different representations are all linked and the need is to not only appreciate the different representations but also the interconnections between them. It should be noted that multiple representations in statistics is much more than appreciating how the different representations are linked. Wild and Pfannkuch (1999) coined a specific word transnumeration to encapsulate this difference. Transnumeration is a transformation of the data that provides insight into the contextual situation. It occurs in three phases: capturing measures from the real world situation such as capturing the notion of “good service”; changing data representations to engender understanding such as changing the classification of data, the graph; and communicating messages in the data in a language that the intended audience can understand.


Children’s own (non-traditional) representations are also important. They represent the child’s thinking, and while in the long run there is a need to use the forms of representation used in the community of practice, there is no doubt that talking about children’s representations helps facilitate learning.


Another aspect of connections is association. This occurs with multivariate data and in thinking about these connections it is important not to confuse association with causality.

• Recommendation C9

That statistical literacy be a major theme in the statistics curriculum.

The GAISE Group (2004) identified a need for more emphasis in the statistics curriculum to be given to statistical literacy. César (2004) has discussed the importance of statistics education in terms of allowing people to become active and critical citizens. She referred to statistics in the media, the manipulation of people’s opinions, and the need for education that develops competencies that relate to communication and participation as citizens. This fits with Lajoie’s (1997) notion that “most adults in our society are not proficient at using statistics or probability to reason about important societal issues.” Burrill (2004) talks of statistical literacy as enabling all citizens to encounter numerical information that has been collected and analyzed in some way, to make sense out of it at least enough to be able to ask the right questions, and to be able to use such information to make informed decisions. Gal (2004) is firm in his view that statistical literacy is “not a simple or primitive knowledge of just very basic stuff”; he claims that “it is almost a different form of knowing”. And he sees statistical literacy not just for the high flyers, but for everyone. 

Watson (2004b) says that many parts of the existing N.Z. curriculum cater for the needs of statistical literacy (e.g., reference to using media reports), and this links back to the emphasis on the desirability of school statistics being related to the real world data back to the early introduction of the subject and the publication of two Post-Primary Bulletins by Henderson (1948, 1954), and this was again emphasized by Roberts (1970). Watson (1997) identified a three tiered hierarchy for statistical literacy for school students: understanding basic statistical terminology; considering and embedding statistical terms within a real context; and critiquing and challenging statistical claims. Watson and Callingham (2003) hierarchical model for statistical literacy found that contextual knowledge was central and an indicator for higher levels of statistical literacy. Gal (2002) believes that statistical literacy is predicated on the joint activation of a knowledge component (comprising literacy, mathematical knowledge, statistical knowledge, contextual knowledge, and a list of “ critical worry questions”) and a disposition component (comprising willingness to adopt a critical stance, and beliefs and attitudes). The elements of these components, in particular the “worry questions” as well as Watson’s hierarchy must be developed coherently within the statistical literacy strand of the curriculum. It is this critical, evidence-based thinking (Ridgeway, McCusker & Nicholson, 2004) that is a key component to developing a statistically literate populace.

The experiences of college students reported by Schield (2004) raised issues relevant to all level—the separation of statistical literacy from statistical competence, motivation, and aspects of compulsion. In general it seems that statistical literacy is not learnt in isolation, consideration of multiple causes, dirty data, biased samples, and other such relevant ideas are all developed as one learns to handle data and to think statistically. Gal (2002), however, emphasized that statistical literacy must be specifically taught as it involves a different set of cognitive skills from data handling. 

Aoyama & Stephens (2003) discussed graph interpretation as an important aspect of statistical literacy. They drew on the work of Kimura (1999), which fits well with Gal’s (2002) view of statistical literacy “as the ability to interpret, critically evaluate, and communicate about statistical information and messages”. Kimura suggests that a key element of statistical literacy is the ability to extract qualitative information from quantitative information, and/or to create new information from qualitative and quantitative information. Kimura uses statistical thinking as synonymous with statistical literacy. He sees knowledge and dispositions supported by beliefs and attitudes conducive to investigation and critical analysis as important. He emphasizes graphical representations. He has developed a hierarchy of statistical understanding that has emerged from cognitive and developmental psychology, and invites with this hierarchy, researchers to test his claims. Aoyama and Stephens (2003) paper suggests that, more research is needed in the development of some aspects of an advance hierarchy for graphical interpretation.


Statistical literacy in the curriculum needs more emphasis as well as a new approach to defining the essential skills and abilities that a statistically literate citizen would be expected to have in order to participate in society effectively.

• Recommendation C10
That the role of technology in statistics and statistics education be acknowledged and brought into fruition.

Technology is not only computers, it includes calculators, measuring instruments, and devices such as tape recordings and videos to store raw data. It can also include specifically pedagogical aids such as electronic white boards. Of these computing is probably the major technological influence on the curriculum and advanced calculators can be regarded as mini-computers. There is a need to accept that nearly every mathematical procedure taught in schools and in undergraduate courses can now be done by pushing buttons, what is now needed is the conceptual knowledge of what the buttons can do. 

Engelbrecht and Harding (2001) have summarized the influence of technology in the context of mathematics education, they said that:

• some mathematics becomes more important because technology requires it;

• some mathematics becomes less important because technology replaces it;

• some mathematics becomes possible because technology allows it; and

• some mathematics can be taught using technology.

The same is true with statistics education and the statistics curriculum needs to acknowledge this. This implies that we need to now how the nature of statistics is changing, which topics in statistics now become more or less important, which become possible, and which can be taught using technology. In statistics the emphasis is on computers rather than advanced calculators, because of the need for good visual displays, and because computers can be justified for all subjects while calculators are only relevant to mathematics.

Watson, Li, Chance, & Bakker (2004) have asked the question, how has statistics itself changed because of developments such as technology, and the follow up question, how do these changes influence what should be taught? They suggest that most of what has been written in this regard is in the American context. They also asked, what has changed in our views on how students learn and should be taught? And, what affordances do new technologies offer us? 

Scheaffer (2004) sees technology as not having the influence it should. He sees technology as one of the keys to making statistics a real laboratory science. It is silly to do statistical computations or draw graphs by hand. Technology must be used both for handling details of calculation and for innovative development of statistical content. Burrill (2004) also sees technology very positively in that it has allowed students to explore, simulate and to build understanding in ways that were never before possible, although she does emphasize that students have to use the technology in meaningful ways on meaningful tasks designed to develop understanding, and says that we are no further ahead if they just punch buttons to do a test or a regression. Reading (2004) also sees technology positively because it assists in the representation and analysis of data; for providing simulations and manipulative tools for investigating how data behaves as constraints vary; for communicating statistical information in new and interesting ways; and for helping students to construct their own meaning as they learn. 


The use of computer technology can be interpreted in at least three ways. Firstly there is the use of standard packages such as spreadsheets and databases that are likely to be familiar to many students. Secondly there are the types of software that mathematicians and statisticians use in their work. Thirdly there are a number of software packages that have been designed specifically for educational purposes. 


Many researchers (Bakker, 2004b; Batanero, 2004; Biehler, 2004; Lajoie, 2004; Watson, 2004b) support the use of technology including software such as “Tinkerplots” (Konold, 2003) and “Fathom” (Key Curriculum Press, 2003), and learning contexts such as websites and Web CT to enhance the learning of students (and maybe teachers). Tinkerplots and Fathom not only support the development of conceptual understanding in statistics but also enculturate students into EDA and inferential techniques.

Gal & Ben-Zvi (2004) have discussed the increasing support provided by ‘internet’ in providing access to educational resources including data sets, diverse types of applets, discussion groups, and projects such as CensusAtSchool. They reported that statistics agencies can play a unique role in helping to improve the statistical literacy and statistical knowledge of a range of users because of there ability to support learners in examining and interpreting statistical data in meaningful contexts related to their diverse thematic areas. However, they found that at currently the potential of statistics agencies to enhance learning of statistics is only partially fulfilled and more work needs to be done in the future.
While Shaughnessy (1992) reports that “there is almost universal agreement among stochastics researchers that computer simulation, computer spreadsheets, and the use of computers to conduct Exploratory Data Analysis (EDA) are the directions in which stochastics education should be headed”, he does later caution researchers (and presumably teachers) “who use computers in teaching probability and statistics not to completely abandon other, more concrete representations of stochastics experiments”. A similar comment was made by Graham (2003), he warned that computer simulation, while making sense to the teacher, is often not enough for learners, and whenever possible should be preceded with a more concrete simulation. DelMas, Garfield and Chance (1999) and Lipson, Kokonis, and Francis (2003)in their research on students’ understanding of the sampling distribution of the sample mean, and Central Limit Theorem found that computer simulations did not improve students’ conceptual understanding rather it was their carefully designed tasks in conjunction with the technology that scaffolded students’ understanding. It should be noted that both research groups took several years and iterations of the tasks to note such improvement.

Slightly more cautiously Gal (2004) acknowledges the usefulness of technology but sees it as “a tool that will never supplant the teacher’s ability to explain, lead students through steps of a process of exploration, etc.” 

Chance (2004) is much more wary, she would like to de-emphasize calculations and rely more on computers, but continues to find students are not as comfortable with the computer and that some of the calculations help them understand the concept. She sees technology as being able to help students focus on concepts (e.g., effect of sample size, without having to do all of the test statistics by hand, or resistance of mean vs. median) but believes that it should not become a black box or a further strain on their resources (when access to the computer program becomes a larger complaint of the class). And Makar (2004) offers similar concerns.

Watson (2004b) seems to sum up the situation,

Personally I see technology as a learning tool for younger students, with software like Tinkerplots becoming widely available soon. For older students, software and/or graphics calculators become technical tools to aid analysis. The danger here is that the tool becomes the focus – how to use it to get numerical answers – rather one of many aspects of analysis leading to a reasoned conclusion. Technology should not be seen as replacing the descriptive, qualitative side of statistical investigations. 


If technology is to be used in the teaching of statistics then it must also be available for assessment. This may lead to a much greater emphasis being put on classroom-based assessment and assignments at the expense of tests or examinations.

One aspect of computer use not commented on is its potential through techniques such as resampling to reshape the very nature of the subject and this is likely to impact on the curriculum in the future. Resampling for statistical inference has been advocated by Biehler (2004), Konold (1994) and Pfannkuch (in press) with current technology such as Fathom being able to carry out such a technique.


The authors of this report strongly advocate that computers rather than graphics calculators be used in statistics and that computer use should be prioritized at all levels for the 2006 curriculum. (This priority also fits with the pragmatic view that computers can be used in all subjects while graphic calculators are a particular expense for only one subject.) The use of computers implies software and we see programs such as Tinkerplots and Fathom as being very important, as software that schools might already have, such as Excel, is only useful for learning with very able teachers.

• Recommendation C11
That consideration be given to new topics and new emphases in the curriculum.

With most curriculum reviews some new topics are added and some older ones removed, if not entirely, at least the emphasis on them may change. Some aspects that need to be considered in this regard are experimental design, risk, conditional probability, and multivariate data. 

An increased emphasis on experimental design will assist students in designing investigations which is an important component of most statistics courses. It also fits with the science curriculum and it moves statistics education away from the current emphasis on surveys.

Risk is becoming an increasingly important consideration in many areas of life and the need for people to be able to work with and analyze risk is growing. At the same time, the need to have an understanding of risk as part of general statistical literacy is also important.

Handling multivariate data is a very important part of statistics that too often is delayed in teaching programmes. Shaughnessy(1997) claimed there was too much ‘univariatitis’ in the curriculum and that multivariate data sets should be introduced much earlier. Many researchers have found that young students can handle bivariate and multivariate data, including representing the data with scatterplots. For example, Chick (2004) and Biehler (2004) both support its earlier introduction Chick (2004) says that younger students can comprehend aspects of association, including interpreting data where an association exists, and Burrill (2004) believes that an understanding why regression works and what correlation means and why and when it is useful. Konold et al. (2002) reported that curriculum developers have assumed that scatterplots and reasoning with bivariate data is an upper level skill but research is suggesting that the curriculum order of graph representations is incorrect. Moritz (2003) has also reported on work with young children graphing bivariate data. 

Within bivariate/multivariate data is the possibility of considerable more work being done on time series. In fact, Shaughnessy (in progress) suggests time series should be students’ introduction to co-variation and determining seasonal variation, trends, special-cause and common-cause variation (Pfannkuch, in press).

The introduction of conditional probability in years 12 and 13 would be desirable as part of statistical literacy. Goroff (2004) discussed probability related to everyday decisions, policy decisions, and teachers decisions, and showed that it was essential that people leave school with the basic ideas of conditional probability so that they do not confuse ‘the probability of event A given that B has occurred’ with ‘the probability of event B given that A has occurred’ as many people relying on “common sense” do. Vancsó Ö (2004) also discusses the importance of conditional probability problems in stochastics and suggests that these problems might be approached using elementary methods such as those used in a Hungarian textbook.

Pfannkuch, Rubick, and Yoon (2002a), indicate some areas that need to be addressed more explicitly in terms of thinking about data. These included:

· The importance of a representation as evidence of some claim about data;

· The importance of grouping and sorting data as strategies for both understanding and representing data; 

· The importance of compressing data in order to convey a message more effectively, with recognition that the resulting “loss” of data is acceptable or even advantageous;

· The importance of the mean for comparing groups, noting that often classroom activities only involve calculating the mean for an entire data set, rather than for several data sets or for subgroups of the data (cf., Watson & Moritz, 1999); and 

· The power of conventional representations, and what types of data sets they suit.

Makar (2004) was concerned with an over-emphasis on pseudo-authentic problems and theoretical distributions. She sees a need for more work with authentic data and authentic problems, and says that, ‘although “real” data often do not have the clarity of theoretical or invented distributions, students are misled into thinking that data fall cleanly into well-defined categories (e.g., shape – uniform, bell-shaped, skewed left, …) and develop misconceptions based on these “clean” categories. She sees a need for a greater emphasis on applying statistical concepts to ill-structured problems because too many problems in the statistics curriculum involve short, well-structured problems that have a single, correct answer. Ben-Zvi and Friedlander (1997) described how they moved students from structured investigations to open-ended investigations. However, work with ill-structured problems requires a greater involvement from the teacher in terms of support, feedback, validation of ideas, time, and opportunity for reflection and debate; and more content knowledge, and experience with data. 

• Recommendation C12
That the role of pedagogy and pedagogical content knowledge be acknowledged.

A number of comments about pedagogy and pedagogical content knowledge are relevant. Rossman and Chance (2004) drew attention to the needs of prospective teachers and the need to focus on thinking, pedagogy, and pedagogical content knowledge as well as subject matter. 

The GAISE Group (2004) recommended that pupils use real datasets, that active learning is fostered, and that technology is used to develop conceptual understanding and analyze data. César (2004) discussed the importance of project work in statistics. Makar (2004) was concerned that students are taught statistical concepts and skills without having opportunities to construct the need for the ideas being taught; she sees a need for a greater emphasis on teaching practices that are grounded in constructivist beliefs about learning. 

Watson (2004b) reported on the need for teachers in the field to have experiences themselves in order to be flexible in the classroom. She said that many activities do not have “known” outcomes and teachers need to be able to explain deviation from expectation. She also identified a need to provide opportunities for students to create their own data sets and to discuss their ideas and conjectures even although this all takes considerable time.

Makar saw the emphasis on standard terminology coming too soon as problematic and promoting inequities in who has access to statistical understanding. She believes that students should be allowed to develop informal terminology in reasoning about statistics that can be then supported with standard terms. Both Bakker (2004a) and Konold et al. (2002) support such a contention. Not all concepts in statistics have standard terminology associated with it (e.g. concept of spread or “clumped” distributions). Furthermore, informal language can increase the opportunity for under-represented groups or those who are less successful in school to engage in statistical inquiry and have access to statistical reasoning.

Scheaffer (2004) saw the major pedagogical issue being the need for teachers and administrators to view statistics as a laboratory science (so that learners have access to computers). 


Broers, Mur, & Budé (2004) identified a need to emphasize ‘self-explanation’ in terms of learning and claimed that this needs to be developed as part of communication. 

In the Open University’s “planning to teach” framework mentioned in A2 (Centre for Mathematics Education, 1988) for thinking about content pedagogical knowledge, one element was contexts; and though Matis, Riley & Matis (2004) discuss the danger of over contextualisation when problem setting is unfamiliar to students, they also reinforce the idea that good contexts provide concrete scaffolding for abstract ideas. These ideas are similar to those expressed by Lovett & Greenhouse (2000) with respect to their principle that “learning becomes less efficient as the menatal load students carry increases”.

Kahneman, Slovic and Tversky (1982) have reported on a number of misconceptions that learners of statistics and the public at large have and use when interpreting statistics. These are summarized in Shaughnessy (1992) and include:

- representativeness [people believe that a sample should reflect the parent population or 


should reflect the process by which random events are generated]

- negative regency effect (gamblers fallacy) [people believe that after a run of heads a 
 

tail is more likely to turn up]

- base-rate fallacy [linking to personal ideas rather than using the data]

- availability [making judgments on narrow experience and a personal perspective]

- conjunction fallacy [linking conjunctive events as more likely than the parent stem events].

Other misconceptions have been identified such as the outcome approach (Konold, 1989) and the equiprobability bias (Le Coutre, 1992). These and probably many other misconceptions are important in teaching as an awareness of common misconceptions can alert a teacher to the need to take remedial or preventative action. Such misconceptions need to be addressed in the curriculum.

Another important misconception that students often take from statistics courses is that a strong statistical dependence demonstrates a causal relationship. While statistical dependence does not depend on some ‘physical’ dependence, when one takes a complex system view of the world then one must acknowledge that typically many interrelationships between factors can result in something occurring rather than one main cause.

Another source book about misconceptions is by Kapadia & Borovcnik (1991). However, research is currently viewing such misconceptions in terms of a spectrum of student thinking.

Gigerenzer, Todd and ABC Research Group (1999) have recently been challenging these notions of misconceptions since they believe that humans are rational. They have explained such statistical and probabilistic reasoning through their models of thinking, which are based on an adaptive algorithmic approach. This raises the question of whether elements of psychology and philosophy should be included into the teaching of statistics (Batanero, 2004). Such issues are pertinent to the question raised by Pfannkuch and Wild (in press) who wondered whether statistical thinking as applied to everyday life should be attempted to be taught.

Learners’ misconceptions are important, as Lovett and Greenhouse (2000) outline in their 4th principle, “learning involves integrating new knowledge with existing knowledge” and learners’ conceptions, alternative conceptions and misconceptions are all part of their existing knowledge.

• Recommendation C13
That the reasoning, thinking, and literacy goals for students are clearly enunciated.

When thinking about a pedagogical teaching pathway towards the stated goals, the main aspects of reasoning, thinking, and literacy are currently being clarified (Ben-Zvi & Garfield , 2004; Jones, in press). MacGillivray (2004) emphasized that the curriculum structure, and the rationale for the structure must be communicated to teachers. Reasoning about measures of centre, sampling reasoning, distributional reasoning, co-variation reasoning, inferential reasoning, additive reasoning, proportional reasoning, intuitive reasoning, frequentist reasoning, axiomatic reasoning and so forth should be considered as a continuum of developing experiences that enculturate students into a statistical community of practice. The statistical thinking framework (Wild & Pfannkuch, 1999) and the literacy goals (Watson, 1997; Gal, 2002) were mentioned before. These goals and the language and models used to communicate what is meant by the terms statistical thinking, statistical literacy, statistical reasoning and probabilistic thinking as well as subsidiary terms such as variation will take a lot of time and teaching experience for curriculum developers and teachers to reach a consensus of understanding (Pfannkuch & Horring, 2004). 


Sampling reasoning, for instance, is in the current curriculum but according to Watson (in press), despite curriculum statements referring to sampling and making inferences about populations, there has been a lack of attention to reasoning about samples and sampling in schools. She hypothesizes this situation may have arisen because “developing reasoning related to sampling may be associated with developing literacy and social reasoning skills rather than developing numeracy skills”. Her research suggests that students have inadequate foundations for making inferences. Students know variation exists in a population and their dilemma is how to deal with this variation when taking a sample. Students can start thinking about the population as early as Year 4 through graphical inference or sampling in surveys (Watson, 2004c). Shaughnessy (in progress) reinforces this viewpoint and suggests students should experience sampling from a population from their early years. Another example is the research on students’ understanding of average, which suggests that the calculation of the mean should be delayed. Bakker (2004a) and Konold et al. (2002) refer to students’ intuitive notions of centre such as clumps in the middle and bumps, and that from these intuitions of modal interval students can be moved towards a more formal understanding. Shaughnessy (in progress) suggests that there is now a potential blueprint for developing the concept of average as students move from mean as a typical value, mean as a fair share, mean as a way to reduce data, and mean as a signal amongst the noise and that the mean should be introduced in the context of comparing data sets. Such research suggests that current curriculum content must be made more overt in a future curriculum.

As students move from intuitive, to informal, to formal reasoning, the required content knowledge, the ways of thinking and doing, the teaching pathways and the rationale for the pathways need to be transparent in an overall statistics curriculum perspective.

• Recommendation C14
That the links between statistics and probability be emphasized in the curriculum.

Interconnecting statistics and probability should be highlighted in the curriculum. MacGillivray (2004) emphasized that probability and statistics should be joined in the curriculum and that the curriculum should show how they are interconnected. Relations between data analysis and probability have to be consciously developed in teaching and by implication in the curriculum (Biehler, 1994). Pfannkuch (in press) suggests some ways in which this interconnection might be achieved. Part of the problem is that there exists a duality in the teaching of statistics (Abrahamson & Wilensky, 2004; Biehler, 1994). This duality manifests itself in deterministic versus nondeterministic thinking, theoretical versus empirical probability, data analysis versus probability, local versus global thinking, dependence versus independence, perceived patterns versus randomness, and so forth, all of which are necessary in statistics. The curriculum needs to be designed to acknowledge and bridge these dualities.

• Recommendation C15
That the role of context in statistical thinking be a major theme in the statistics curriculum.

“Statistics requires a different kind of thinking, because data are not just numbers, they are numbers with a context” (Cobb & Moore, 1997, p. 801). When interpreting a graph the “intellectual substance is almost entirely in the interplay between pattern and story” (Cobb & Moore, 1997, p. 803). Teachers of statistics must know that data comes with its own literature base and that pattern and context are inseparable. Throughout the whole statistical investigative cycle there is a continual shuttling back and forth between thinking in the statistical sphere and thinking in the context sphere. Statistical investigation is used to expand the body of “context” knowledge and hence the ultimate goal of statistical investigation is learning in the context sphere (Wild & Pfannkuch, 1999). In statistical literacy both Gal (2002) and Watson & Callingham (2003) have identified contextual knowledge of the situation to be an important facet for critically evaluating media reports.

A major role must be accorded to context, equal to the use of statistical tools, techniques, and measurements (Shaughnessy, in progress). The role of context in statistics has implications for teaching and the curriculum. Both a statistical knowledge base and a contextual knowledge base (subject-matter literature) need to be integrated within the intellectual framework and argumentation.


Part D: Statistics curriculum framework

• Recommendation D1

That the statistics curriculum be aligned closely with the curriculum aims.


One aim of statistics education is to help students see the world statistically, that is, to be able to consciously choose between two views of a situation—as either existing causally (i.e., it really happened, for definite reasons) or as one expression of an underlying, repeatable process —and then to take appropriate action. For example, the recent Columbia (space shuttle) disaster can be seen both ways. Seen non-stochastically, we expect people to find out why it happened and fix those problems. Seen stochastically, we see that the process of preparing, launching, and recovering a space shuttle has a definite structure to it but lots of places where variation from launch to launch will occur—by human variation, variation in measurement, differences in condition of equipment, etc. The latter view supports a conception of "space shuttle mission" that allows questions like, "What fraction of the missions over time, under current procedures, will result in catastrophic failure?" To anyone holding the former view exclusively, such questions make no sense (Thompson, 2004). The Columbia disaster then leads to a discussion of how variation might be minimized.

However, curriculum aims are not always that simple. The aims of statistics education are nested in the aims of mathematics education that in turn are within the aims of general education, however, this does not mean that statistics education can ignore these more general aims. Two such aims could be about life long learning—developing a way of making sense of the world and the ability to act on it, and, appreciate the interdependence of knowledge areas and the relevance of school learning to everyday problems (adapted from Young, 1999). Aims about life-long learning suggest the need to develop independence and self-monitoring skills that may not sit well within a system where external assessment dominates. Other related aims might be about citizenship, democracy, evidence-based decision making, and interpreting statistical reports in real life situations—such aims reinforce the need for statistical literacy. With a variety of aims such as the above and others related to pedagogy, technology and assessment, teachers can get very mixed messages regarding educational policy. A clear statement of aims and a closer alignment of the document to the aims would be useful.

Some possible aims might be drawn from sources such as the GAISE College Report (2004). They discuss aims such as:

Students should believe and understand why:

· data beat anecdotes

· variability is natural and is also predictable and quantifiable

· random sampling allows results of surveys and experiments to be extended to the population from which the sample was taken

· random assignment in experiments allows cause and effect conclusions to be drawn

· association is not causation

· statistical significance does not necessarily imply practical importance, especially for studies with large sample sizes

· finding no statistically significant difference or relationship does not necessarily mean there is no difference or no relationship in the population, especially for studies with small sample sizes.

Students should recognize:

-
common sources of bias in surveys and experiments

· how to determine the population to which the results of statistical inference can be extended, if any, based on how the data were collected

· how to determine when a cause and effect inference can be drawn from an association, based on how the data were collected

· that words such as normal, random, and correlation have specific meanings that may differ from common usage.

Students should understand the parts of the process through which statistics work to answer questions, namely:

· how to obtain or generate data

· how to graph the data as a first step in analyzing data, and how to know when that’s enough to answer the question of interest

· how to interpret numerical situations and graphical; displays of data—both to answer questions and to check conditions (in order to use statistical procedures correctly)

· how to make appropriate use of statistical inference

· how to communicate the results of a statistical analysis.

Students should understand the basic ideas of statistical inference

· - the concept of a sampling distribution and how it applies to making statistical inferences based on samples of data

· the concept of statistical significance including significant levels and p-values

· the concept of confidence interval, including the confidence level and the margin of error.

Finally, students should know

· how to interpret statistical results in context

· how to critique news stories and journal articles that include statistical information, including identifying what’s missing in the presentation and the flaws in the studies or methods used to generate the information

· when to call for help from a statistician.

(Note that although these aims are listed separately, they all intertwine and in planning to teach or assess the goals would not each be handled separately—see D2 below.) We are not suggesting that these aims be taken as the New Zealand curriculum aims, they are written for a different level and a different setting, but they provide some food for thought.

• Recommendation D2
That the content be organized in an integrated rather than an analytic way.

Because the NZ situation is reasonably unique we need to consider the question of topic organization and new topics from a NZ perspective rather than an international one, but little has been written within New Zealand on this. The current school curriculum has three strands—doing investigations, making and reading statistical reports, and using probability. 

From reviewing the literature it seems that these should be replaced with thinking themes, but such themes must somehow be intertwined. 

A more difficult point relates to how links might be made to students’ prior knowledge. Chance (2004) believes that too often we “try to take them on bigger leaps of understanding than they are ready for and don’t have a clear enough understanding of their intuitive notions (or at least don’t take enough advantage of those)”. 


Perhaps a return to a spiral rather than a linear curriculum is one way forward, certainly an emphasis on process rather than outcome (as with reading education) would be preferred.

• Recommendation D3
That levels of attainment in curriculum and progression are acknowledged as problematic.

While designing a teaching programme requires a structuring of lessons, this does not mean that learning follows in the same structured way. From what we know about knowledge or schema construction we know that different students build different schemas in different ways until finally they have enough in common to be able to communicate successfully. If this is acknowledged then it is difficult to see how we can talk of levels of attainment or learning progressions.

Watson & Callingham (2004) developed a hierarchy of levels which some teachers and curriculum developers will feel comfortable with. However, they did acknowledge that curriculum documents state final outcomes rather than steps along the way where students may display partial understanding, which is problematic since students have different developmental pathways. MacGillivray (2004) also spoke of her desire for syllabuses demonstrating “coherence and progression, both within and between levels”. However, such levels reflect a logical rather than psychological perspective, they do not acknowledge the complexity of the learning process, nor the notion that if one puts things in levels and then teach and assess them in that way then the hierarchy becomes a self-fulfilling prophecy. Ridgeway, McCusker & Nicholson (2004) believe the curriculum should cover less and be more in depth.


From this perspective it is still reasonable to think of teaching progressions, as long as at each stage it is assumed that students will be starting from a range of starting points. The problem is greater with assessment where the need is to find what the students do know and can do rather than what they do not know and cannot do (Cockcroft, 1982). The challenge will be even greater where the need is to find out how students think. Such a challenge suggests the need to develop new assessment tasks that more closely align with good learning tasks.

• Recommendation D4
That a number of other issues may need to be addressed in the curriculum.

New Zealand is both a bicultural nation and a multicultural one and these two distinct characteristics are both continuing to evolve. Both put new requirements on the countries statistical capabilities, both have influenced state agencies, in particular with regard to Treaty obligations, and both have ramifications for the classroom and the curriculum. While these characteristics may be a source for many rich statistical investigations, the ramifications need to be considered. Notions of chance may not seem so obvious to people with a more fatalistic attitude, but more importantly, in being culturally sensitive we need to be aware of what is and is not acceptable within a range of cultures. Two examples influencing the teaching of probability are: playing cards are not acceptable to some fundamentalist Christians, gambling is unacceptable to some followers of Islam. Unfortunately, as yet there seems to be no evidence of ethno-statistical research which might inform curriculum development.


Many aspects of statistics are similar to aspects of research. They involve ethical issues, values, rights, privacy, and so on. These are important issues and should not be ignored by teachers, but some teachers may feel inadequately prepared to discuss these.

• Recommendation D5

That the statistics curriculum has coherence in relation to the mathematics curriculum. 

Statistics requires mathematical knowledge such as measurement, percentages, fractions, and decimals when handling data and a number sense to determine the plausibility of data. The statistics curriculum should be aligned with the mathematics curriculum in such areas as well as determining the similarity and differences in reasoning such as additive and proportional reasoning in statistics and mathematics. 


Consideration should be given to disconnecting the deterministic thinking of mathematics with the nondeterministic thinking of statistics. It is important to start with nondeterministic thinking earlier so that, for example, deterministic algebraic patterns are disconnected from statistical patterns (Watson, 2004c). Coherence with the mathematics curriculum requires alignment and recognition of the different ways of thinking in statistics.


Part E: Curriculum development process

Recommendation E1

That considerable time be given to groups developing curriculum documents, even though these documents are to be succinct. 

It would not be difficult to brainstorm learning goals for “thinking” within a succinct curriculum, but prior experience has shown the need to design a full program first (for years 1 to 13) and then to separate out the appropriate goals at each stage within schools. The sample programs that were developed could then be made available to schools as part of the teacher guide material that would be needed to accompany the very differently focused documents. The time requirement would be particularly important when the curriculum is to have a new focus such as “thinking”, and when it is so innovative that other countries documents provide little help.

• Recommendation E2

That consultation be extended to include other ‘voices’.

In this review the literature and the responses to the questionnaire sent to national and international statistics education colleagues have been attended to. However, except where the interests of people overlap, the views of statisticians who know about the changing nature of their subject have not been attended to directly. The voices of both academic statisticians and professional statisticians, perhaps through the New Zealand Statistical Association needs to be considered at various stages in the curriculum process. The views about curriculum in general from mathematics educators and general educators have been considered, but not the views of the teachers of statistics, yet these are important as it is teachers who must develop ownership (Robinson, 1989) of the curriculum if it is to be implemented successfully. Finally, the voices of the community at large, employers, citizens, parents and students have not been heard as little is published from their perspectives. 

• Recommendation E3

That the complexity of the change process be acknowledged. 

Morin (2002) has identified four constraints on change with respect to statistics. These are: lack of implication of academic and professional statisticians, teachers’ education, the problem of assessment, and the great variability among world educational systems. These ideas fit within the complex change model suggested by Begg, Davis, Bramald (2003) [see A8] with eight influences, four of which (researching, growing professionally, developing resources, and developing assessment) will be discussed in E3–E6. One aspect of this model is its evolutionary nature and this importance of time was reinforced by Ridgeway, McCusker, & Nicholson (2004) who emphasized the seeing things over time, seeing curriculum as evolving, and not expecting the desired coherence for some time. This need for time explains the frustrations felt by Ottaviani & Rigatti (2004) when change was not happening as planned.

This need for time for ongoing change is also evident because teachers have schemas about curriculum and learning, these schemas are robust and are based on their histories as learners and teachers. To implement a new curriculum that changes what is taught may not be too threatening to teachers’ schemas, but when a teacher is required to rethink how they teach considerable anxiety emerges. For change to be initiated with only a week of in-service available, and then to expect immediate change in classrooms is ludicrous—it ignores what we know about learning. Teachers need time to see proposed changes as plausible at the start, intelligible during their learning, and likely to be fruitful with their class (Posner, Strike, Hewson & Gertzog, 1982). This can also be thought as developing ownership of change that is basic to Robinson’s (1989) empowerment model where he sees a need to understand and appreciate not only the direction of change, but also the reason for it. Once the content and pedagogy of a curriculum is ‘owned’ by a teacher, the curriculum evolves within the practice of teaching, and this in turn relates to the teachers’ background with the subject. Harradine (2004) discussed the advantages of school-based curriculum development (rather than being led by ‘experts’) and one of these seems to be that ownership of change exists at the start. 

One form of change in which ownership is usually developed quickly is when an overfull curriculum is being discussed. Whitley and Davis (2003) report such a situation in the Canadian context and a number of teachers may feel the same about the New Zealand curriculum. In such a situation it is important to ensure that the main themes of the desired curriculum are retained and in statistics this appears to be statistical thinking.

In changing the statistics curriculum it is therefore not unreasonable to expect new topics to be introduced reasonably quickly if the content knowledge is familiar to the teachers, but if new pedagogy is required then change is likely to take much longer and need more support. Changing the emphasis in statistics to thinking, is a change to “how” rather than to “what”, it requires a change in pedagogy, and teachers will find this threatening. Change also involves teachers’ beliefs about what their students can and cannot do and involves improving their own statistical thinking (Pfannkuch & Horring, 2004). Consequently, considerable support is likely to be needed and this will involve supporting professional development and reflection-on-practice (and perhaps extending this into teacher research of a formal or informal nature). Outside the classroom it will require a change in assessment procedures to reflect both the new pedagogy and content. Such a change requires a gradual and evolutionary approach to ensure that the curriculum does not get too far ahead of teachers.


As Gal (2004) reminds us though, the curriculum achieves “little unless it is adopted by textbook developers, trainers, teachers and math department heads themselves, and developers of national assessment”, so perhaps textbook writers, teacher development advisors, and assessment writers need to be involved in professional development as part of the curriculum development process.

• Recommendation E4

That the importance of teacher development be considered in the change process.

In the US context Makar (2004) reports, “teachers currently do not have the knowledge, skills, and mindset of statistical thinking necessary to promote good statistical thinking and reasoning in their students”. She sees a need for “a greater emphasis in teacher training on learning statistics in an environment that promotes statistical inquiry, incorporates messy problems, and includes the need for open debate and use of evidence”. Such an emphasis could well be needed in NZ where many teachers teach statistics as facts and procedures with no overview and no experience in data analysis, and such an emphasis is likely to need to focus on both pre-service and in-service teacher education. The situation is probably most serious in primary schools, but even in secondary schools where some teachers are qualified in statistics there is a generational problem, many of the changes being suggested in this review are only just influencing the leading tertiary institutions and qualified people have not always had opportunities to update with new trends in the subject.


Scheaffer (2004) also identifies teacher preparation as the main weakness of statistics education. He reports that most mathematics teachers (in the USA) “who are called upon to teach statistics have very little background in the subject and may never have taken a course with the modern data analytic approach they are now supposed to teach”. Burrill (2004) similarly sees a need to train (USA) teachers “in how to use approaches and pedagogy that will enable students to understand and use statistical ideas in ordinary situations, with an appreciation of the underlying reasoning process and rationale for doing so”.

Watson, Li, Chance, & Bakker (2004) were concerned about identifying the needs of teachers that professional development might focus on, although the alternative point of view is that teachers themselves need to identify what they believe are their needs.
It is probable that the NZ situation is not dissimilar to the US one although as statistics has been taught in schools for longer and seems to have a more prominent role in universities, the situation here may not be as grave. However, Begg (2004) acknowledges that teachers vary considerably in their statistical knowledge, their mathematical knowledge, and in their confidence and experience in teaching statistics; and often this variation is not considered when planning curriculum implementation. In addition, as many NZ teachers have trained overseas, and increasingly there are more overseas students, a number of cultural influences impinge on teaching, including the view that teachers should tell students what they should know, that students will not question teachers, and that teaching is a one-way process. This makes investigative work harder to implement, and curriculum developers have to ask ‘how might individual and group investigations be encouraged in this environment?’ 

Pre-service education is under pressure and in many countries mathematics educators claim that mathematics is not getting sufficient time. If this is so then little room remains for statistics. One way around this may be to make tertiary statistics such a great experience that intending teachers will do more undergraduate work in the subject and not need as much when completing their pre-service teacher education. Such courses need to model the desired pedagogy as well as covering content at an appropriate level. Another way forward might be to include a course in statistics (or mathematics) education in the courses students can take for their first degrees. In looking at the curriculum process, changes in pre-service education are unlikely to impact for some time, so, in the short-term it is easy to ignore this aspect of teacher development, but in the long term, pre-service education cannot be ignored.


In terms of in-service Gould & Peck (2004) discussed the need to develop alternative modes of delivery such as on-line modes, but even then it was seen desirable to include an initial one-week face-to-face component within their distance course.
At the same time, as curriculum is implemented in teaching I think the warning of Mason (1989) is important. He said that,

the more explicitly the teacher indicates behaviour which would arise from understanding, the more likely students are to be able to produce that behaviour without generating it from understanding.

The same is likely to be true at teacher level, and this is a concern.

Usually when professional development is offered we find the teachers that need it most do not attend and those who need it least are keen. This resonates with what a colleague (Rice, 1993) once said, something along the lines of:

should we abandon our attempts to change teachers and concentrate on creating opportunities for them to change themselves. 

Obviously we need teacher development, both pre-service and in-service, both at school and post-school level. The challenge is to make it more effective. Literature abounds about professional development, and each country or region has different views about development, unfortunately most governments seem to want to impose a very directed form of development that may actually dis-empower teachers. I think we need to consider Mary Rice’s conjecture.

Pfannkuch & Wild (2003) seem to have a way forward. They see statistical thinking as the important focus but are not intending to force their views on others. They have identified three practical implications for development activities with teachers involved with a researcher (or perhaps an advisor): 

First the teachers and the researcher need to come to a common consensus of what they mean by the term statistical thinking and thus be able to communicate. 
Second, the teachers need to reflect critically on their current teaching and identify areas which are acting as barriers to the development of their students’ statistical thinking. 
Third, the constraints that are imposed externally on teaching need to be recognized and acknowledged. 

Collaborative curriculum development and continuing professional development is supported by Cordingley, Bell, Rundell, and Evans (2003). The professional development of teachers in the numeracy project is another model that should be considered (Hughes, 2004).

In another research project Pfannkuch (in press) talks of how teachers enable learners to make connections between probability and statistical inference. She identifies the need to emphasize actual experience with exploring data before making connections, and building a pedagogical framework to define a pathway towards formal inference. Again this is teacher-focused development or developmental research rather than traditional teacher development.

When considering long-term strategies for teacher development such as courses over some extended time period, it is not sufficient to merely ensure that courses are provided, teachers are busy people with many commitments, they need incentives such as time allowances and they need to be reimbursed fully for associated costs.

• Recommendation E5

That the place of resource development in the change process be acknowledged.

Resources are important, they provide ideas for direct use but more importantly, for adaptation that is important because it involves developing ownership of the ideas. 

Textbooks are usually the main resource and for many teachers are the de facto curriculum, at the same time textbooks are usually commercially driven, they are often expensive, and typically tend to be conservative. In addition, most textbook material in New Zealand is not pre-trialed. Of course not all texts are conservative, Burrill (2004) reports how some books, for example the “Navigations 9-12 book” on statistics focuses on using techniques to make sense, not about the techniques themselves. 

A further problem with textbooks was identified by Mason (1994) who warned that  

textbooks appear to be transmitters of knowledge, but in fact re-enforce mechanicality. 

However, overworked teachers do need prepared material to lean on. Because New Zealand is ahead of other countries there is very little material available; if curriculum implementation is to be successful then this situation will need attention.

If learning tasks are to relate to local conditions and the worlds of the learners, then they need to be easily modified. They also need to be inexpensive. If texts tend to be conservative because of commercial constraints, then the production of new resources is likely to need to be coordinated as part of the overall development program using non-commercial groups. 

One way forward is to invest heavily in exemplars, that is, to prepare “rich learning activities’ of an extended nature for classes to work on. Such exemplary material might be made available on a CD, the web, or in the form of a teacher guide. Each activity would need to be easily put onto a blackboard, used as an OHT, or made into a task sheet. 

The notion of ‘rich’ activities for both learning and assessment was reinforced by the paper from Ridgeway, McCusker, & Nicholson (2004). They might include assistance in designing ‘own-choice’ learning activities as suggested by MacGillivray (2004), and student-generated investigations discussed by Matis, Riley & Matis (2004). And, they would include scaffolding for statistical investigations from ‘inception to report’ as recommended by Harradine (2004). Some such activities would generally fit with Lajoie’s (1998, 2004) preference for authentic activities where students pose researchable questions, be they surveys, questions of interest, or predictive studies based on databases.

The phrase ‘rich learning activities’ refers to the criteria Ahmed (1987) used together with what Cox (1998) has said about statistics education—see table 1. 

Table 1: Criteria for rich statistical learning activities (modified from Ahmed 1987 & Cox 1998)


Dimension
Criteria


Approach
– approach the unknown through what is known to the students


– be accessible to all students at the start


– allow further challenges and be extendible

 

– challenge the better students without overwhelming the weaker ones


Properties
– be interesting to the students, and to achieve this, to the teacher


– have an element of surprise


– be enjoyable (that is, engaging)

 

– should not trivialize the subject


Appropriateness
– introduce material within the programme at a time relative to its use

 

– provide opportunities for constant review


Possibilities
– invite children to make decisions


– involve children in speculating, hypothesis making and testing, 


      proving or explaining, reflecting, interpreting, inferring


– do not restrict pupils from searching in other directions


– promote discussion and communication


– encourage originality/invention

 

– encourage 'what if' and 'what if not' question


Focus
– emphasize key general principles more than technical details


– provide specific illustrations of general principles


– be seen both as an end and as a basis for subsequent work and study


– avoid the temptation to teach too much material


The production and trialling of such learning activities is not a trivial task, it implies a long-term teacher development project involving a number of groups of teachers supported by statistics educators. 

Some teachers are likely to react to modifiable activities in terms of “we don’t want to reinvent the wheel” but modifying learning and assessment tasks to suit one’s students and to suit one’s own style of teaching is part of taking ownership of the task. 

• Recommendation E6

That assessment development follow rather than interpret the curriculum.

Gal & Garfield (1997) have documented the need to align assessment with curriculum goals, but since the publication of their book in 1997 the focus in statistics has moved much more to thinking, and this implies a corresponding shift in assessment.

In statistics, as in mathematics, the need is to have assessment tasks that reflect good learning tasks. These will include projects, investigations, and other extended activities, they will assess thinking about data, variation, distributions, probability, reasoning and investigating, making connections and communicating. Such foci are unlikely to be satisfied by short questions in a limited time test. In addition, as technology use increases in statistics courses, this needs to be reflected in assessment. 

The assessed curriculum has a significant and reasonable influence on teachers who are trying to ensure their students are successful in attaining awards while being educated. As Watson, Li, Chance, & Bakker (2004) have said, “What you test is what you get,” and they identified a need to develop assessment tasks that tests what we want students to be able to achieve. However, learning and being assessed sometimes work against one another. Clashes occur when assessment is based on linear models while learning is based on more complex schema models. The eight-component model for development referred to in A8 identifies assessment as one of the eight inter-related aspects of change and it is important that the preferred forms of assessment be identified.

Acknowledging the influence of assessment means that more care must be taken to ensure that assessment reinforces and follows the curriculum, and does not merely focus on small and easily measurable specific content knowledge or procedures. Assessment tasks need to be similar to rich learning activities, and not to reduce the curriculum from an intended one to an assessed one by breaking all subjects up into minute parts that can be economically marked as right or wrong and then scores assigned. Chance (2004) has identified some needs within the USA, she talks of the need to focus on the applications, the interpretation, the communication skills (e.g., on good and bad graphical displays), and more on what is meant rather than how to calculate it. For students to believe this, that is how they must be assessed—assessment drives what students focus on. A similar problem exists in New Zealand with NCEA and Unit Standards that work against the intention of the statistics (and mathematics) curriculum that seeks connections and extended activities by trivializing the subject by breaking the topics into small disconnected sets of objectives that can be assessed and then forgotten! The emphasis on facts and procedures rather than evidence of thinking is a related issue. 

As Scheaffer (2004) reports, the main problem in the United States at the moment is that the country has gone crazy with testing programs. So, mathematics is becoming a "back to basics" movement with teachers drilling kids so that they can answer test questions (mostly computational) quickly and correctly. Statistics education is losing out. Where data analysis questions do appear on these tests, they tend to be computational as well, and are generally poorly written. Thus, care is needed to ensure that NZ does not follow the US, as Burrill (2004) warns, in the US there is a focused attention on student achievement in narrow curricular areas and topics which is reshaping what teachers feel they need to do or indeed are allowed to do. Further, this tends to concentrate on algebra, arithmetic and a bit of geometry to the exclusion of data analysis, statistics, and probability. Perhaps this is not a major concern if in other aspects of mathematics the focus shifts to thinking as recommended for statistics. 


There is also a need to develop students’ ability to self-assess (as part of their preparation for life long learning without teachers when they leave formal education). If students are to be statistically literate and use this knowledge, then they need to have meta-cognitive/monitoring skills to do this successfully.


One final aspect of assessment that Firsov (1996) considered related to motivation and self esteem. He saw these as being enhanced with simple learning tasks but agreed that students needed to be challenged with difficult ideas. He suggested that in designing assessment for motivation and self-esteem a new form of curriculum is needed. He said that most students should be successful with the assessment tasks and acknowledged that we hardly ever know a subject until some time after we are first taught it. He therefore sought a two-level curriculum, the top level being the one that each learning task aims at while the lower one is the more basic one that will be used for assessment. Such a model would focus on “the basics” for assessment without limiting teaching. Of course students and teachers may well focus only on the lower level, so perhaps while assessment plays the major role that it does currently, then teaching and assessment need to be aligned.

• Recommendation E7

That future research be initiated to inform future curriculum development.

Some of the international research in statistics education is with tertiary students only as in many countries no significant statistics is taught at school level. Thus, some of the research findings need to be considered tentatively with respect to younger learners. In addition, in many countries probability is taught not only with statistics but as the fundamental basis of statistics, while in other countries including New Zealand it is seen as an associated topic while the basis of statistics is data. This too means that some overseas research may not be as relevant to the New Zealand situation.

In terms of curriculum development Watson, Li, Chance, & Bakker (2004) were concerned not only with how should what be taught to whom, but also how do we get new content areas into the curriculum, how do we promote these, and how do we assess them? Accepting this difficulty, they asked how might curriculum development be improved? While some of their group argued that research is needed to help making decisions in curriculum development, others argued that research often only offers ideas and shows what is possible.

Shaughnessy, in 1992 and in work in progress, has provided wish lists for research. He saw as important: the development of assessment instruments, identification of secondary students’ conceptions and misconceptions, cross-cultural studies, teachers’ conceptions and misconceptions, teaching experiments to find the effect of instruction, studies on the effect of computer software, and the role of metacognition in decision-making under uncertainty. He was writing from a US perspective and in the NZ context we might have added, primary school students’ conceptions and misconceptions. More recently, working with colleagues (Shaughnessy, Ciancetta, Best & Canada, 2004) he identified the need for more research to see if what students find will generalize to other tasks and other contexts, and whether students reason about distributions and data sets by integrating both centers and spreads simultaneously, or whether their thinking is compartmentalized, and arguments using centers or variability occur separately without integration on a task. 

Such wish lists are useful but not sufficient. Teachers often ignore academic research as it often occurs in such controlled situations they feel that it has little relevance to them. However, academic research can form a very useful base upon which teachers can do classroom research.  Such teacher research can be of many forms, including forms that are not always regarded as research but might be thought of as equivalent to research. The following table outlines some of these forms.

Table 2: Forms of teacher research (modified from Begg, Davis, Bramald, 2003)



Forms of research
Meaning









Scholarship
study, professional reading, theory building

Evaluation
informal and formal evaluation of lessons and resources

Exploratory studies
small studies by groups of teachers to explore new ideas

Informal research
minor research activities that are not written up

Reflection-on-practice
cognitive consideration of practice

Practitioner hunches
trialling intuitive ideas emerging from practice

Creative work
original and inventive notions related to possible practice


As with the development of rich learning activities, such forms of teacher research might form a major focus form for teacher development and link into and inform further developments of the curriculum. 

Teacher research does not mean that there should be less other research, indeed because of New Zealand’s unique leadership role in statistics education we would argue that NZ is the ideal site for more blue sky research in statistics education. 


AppendiX

QUESTIONNAIRE

The following brief questionnaire with a covering letter was sent to 44 colleagues from the international statistics education network in 14 countries. Over half of these colleagues replied either directly to the questionnaire or by sending articles or referring us to articles which were relevant. Their responses have been woven into the report with acknowledgements in the bibliography.

--------------------------------------------------------------------------------------------------------------------

Issues in statistics education in schools.

1) What do you see as the major issues that need to be considered in forthcoming reviews of the statistics and probability section of the school mathematics curriculum (5-18)? (These issues may relate to the nature of statistics, curriculum content and/or to appropriate pedagogy.)

2) What aspects of statistics and probability do you think need more (or less) emphasis in schools?

3) In terms of the aims of teaching statistics, which of the following four terms do you see as important and how would you define them—statistical thinking, probabilistic thinking, statistical reasoning, and statistical literacy?

4) How do you see technology influencing the school statistics curriculum?

5) Have you any other comments about statistics in the school curriculum that you see as important and think we should be considering?

--------------------------------------------------------------------------------------------------------------------
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