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Background

What is PRIME?

The request for this report is based on the author’s involvement with the research underpinning the PRIME (Professional Resources and Instruction for Mathematics Educators) professional development program, published by Nelson Education Ltd. 

The PRIME research was a multi–year study jointly approved by the University of Toronto and the University of New Brunswick to investigate the mathematical development of Primary– Grade 6 students across Canada. Testing was done with students from Primary– Grade 7. Statistical analyses allowed us to distinguish behaviours of students at different levels of mathematical sophistication in number, operations, pattern and algebra, geometry, measurement, data, and probability. There were students from the Atlantic region, Ontario and the West participating as subjects in the study. The total number of students involved was about 12 000, a number that allows us to generalize with confidence.

The other perspective the author of this report brings is familiarity with the Atlantic curriculum, not only because of her involvement in the New Brunswick education system, but because she was one of the major contributing authors of the New Brunswick curriculum upon which the P–6 portion of the Atlantic curriculum is heavily based.

What does the language about phases mean?
Throughout this report, there will be mention of phases of development. The PRIME research uncovered for each strand statistically valid groupings that distinguish levels of student understanding in that strand. A student who is in a phase has successfully “mastered” all of the indicated behaviours for that phase.

The maps were hypothesized using professional judgment, based on existing curricula across the country and research about what behaviours were likely to distinguish students. But the final maps were empirically based.  It was the data that told us how many phases, or different groupings, there were for each strand. Therefore, you will see as you progress through the report, that there might be 3, 4 or 5 phases for a particular strand. More detail on this is available in the research report describing how the research was undertaken (Small, McDougall, Ross, Ben Jaafar, 2006). The study was vetted by peers and reported on at the American Educational Research Association meeting in 2005.

How much can you trust the PRIME data?

The sample size and breadth, the quality of the research design, the experience of the researchers, and the subsequent independent validation (e.g. Ross, Ford, Xu, 2006) of the effectiveness of the PRIME maps undertaken by boards in Ontario in helping teachers improve student achievement should give you confidence that the data will be helpful to you in analyzing your own curriculum.

The scope of this report

The literature in mathematics education is extensive and can certainly not all be considered in this relatively brief report.  The literature did have great impact on how the PRIME map was constructed and is, therefore, indirectly being addressed. However, the focus of this report, as was requested, will be on what the PRIME research would suggest about the appropriateness of placement of outcomes in the Nova Scotia mathematics curriculum. 

There has been no attempt to rewrite the curriculum, but only to point out specific areas of concern. In those cases, suggestions are made for where an outcome would be better placed.  There are blocks of outcomes that might or might not be added or eliminated for other reasons; these were sometimes commented on.

The organization of this report

The report is organized by exploring the outcomes in each strand in light of the PRIME research, grade by grade. Outcomes that might be problematic are addressed; other outcomes, which were examined and found to be appropriate, are not specifically discussed. 

Sometimes charts are used, when a number of outcomes are specifically referred to. Other times, there are prose paragraphs describing single outcomes or issues that are more global.

After the grade by grade analysis, if another question was raised by the committee, that question is addressed. This is followed by observations of the author about specific outcomes that relate to issues other than developmental ones. Finally, for each strand, a chart highlighting suggested changes to the curriculum is provided. These suggested changes are organized by sub–topic groupings, rather than by grade. 

Curriculum organization issues

As you go through this report, I would like to propose four issues about curriculum organization for you to think on.

The first is about the delineation of curriculum into single grade units.

Provinces are telling teachers the importance of differentiating instruction and recognizing that in any classroom, students are at very different levels. So the question is whether curriculum language that indicates that all students at a particular grade “will be expected to…”  is appropriate language or whether it might be better to list those sorts of expectations only at the end of a period of years, rather than a single year. Or perhaps the notion of a small set of expected behaviours and a larger set of exploratory behaviours for each grade level has merit.  

A second issue is about “spiraling”. The pendulum swings in education; sometimes spiraling of curriculum is looked upon favourably and other times not. There are no easy answers. There are topics that are complex and need more than a year to develop. The question is whether the curriculum writers should, then, clarify which aspects of that concept are to be covered each year or whether the outcomes are left more vague, potentially allowing for more flexibility, but also more repetition.  I would suggest that there are currently some mixed messages in the organization of this curriculum with regard to spiraling; the province might want to take a deliberate look at this issue.

A third issue relates to “big ideas”. Although there are identified key stage outcomes, they are not “big ideas” in the usual sense of the word. For example, a key stage outcome like model problem situations involving rational numbers and integers is broad and certainly is an umbrella for a number of outcomes at different grade levels, but really doesn’t give guidance about what ideas about rational numbers and integers we want students to walk away with.  There might be some consideration to helping teachers view the curriculum in light of big ideas so that there is more likelihood that students see coherence in the mathematical topics they learn. Clearly, from my perspective, the big ideas we used in PRIME are reasonable organizers. 

A fourth issue relates to the mathematical processes. Processes like reasoning, representation, problem solving, communication and connections are clearly embedded within the existing curriculum. But other than problem solving, and possibly representation, they are not highly visible. There may be some consideration to making these processes more visible. There are, of course, many sets of processes to consider, among them the NCTM set upon which the current curriculum is built, the three processes upon which Québec builds its curriculum (situational problem solving, reasoning, and communication), the Ontario processes (problem solving, reasoning and proving, reflecting, selecting tools and computational strategies, connecting, representing, and communicating), and the WNCP processes (communication, connections, mental mathematics and estimation, problem solving, reasoning, technology, and visualization).

Number and Operations

Some background information to underpin the curriculum analysis following

To put the comments on number and operations to follow in perspective, it might be useful for you to consider what our PRIME research found in terms of the correlation between Phase (from 1 to 5) and Grade level in Number and Operation. This is, of course, based on current conditions. The Grade/Phase relationship could shift up or down, but it is less likely that the sequence of indicators in the phases would shift.


We know from independent research that many, many (as many as 40% for example in the Ottawa Catholic board) Grades 7 and 8 students are in Phases 2 and 3, so perhaps curricula across the country are a bit ambitious. Ambition is a good thing if it is achievable; if it is not, it can hinder mathematical development.

1. Considering the developmental research in relation to the concepts and skills for all aspects of real numbers, is the current Nova Scotia curriculum consistent with the research? If not, please identify the necessary adjustments. Please address each type of number and conceptual understanding specially, for example, place value, fractions, and proportional reasoning.

Broadly speaking, I think it is fair to say that the Atlantic curriculum progresses more quickly in quite a few areas of number and operations than other curricula across the country and more quickly than the PRIME research suggests is the typical pattern for students. 

Looking Grade by Grade

Primary:

Generally speaking, the number (A) outcomes at this level are reasonable. Students in Primary are generally in Phase 1. Although students in Phase 1 are theoretically ready to start thinking about ideas in Phase 2, in Primary, they are probably still needing to consolidate Phase 1 ideas.

Issues of Most Concern

Grade 1:

In Grade 1, there are many students still in Phase 1 (in fact, there are still a significant number of Phase 1 students in Grade 3), so the balance of outcomes where mastery is expected might more realistically be mostly Phase 1 with a modest number of Phase 2 outcomes.  At present, there are 5 outcomes which could be described as Phase 1 (at least to a certain extent) and 7 outcomes which could be described as Phase 2. There might be some consideration to changing this balance.

Issues of Most Concern

Grade 2:

The PRIME research shows that most Grade 2 students are in Phase 2. It is, therefore, reasonable that 7 of the 9 number outcomes are completely or partially situated in Phase 2, with 3 outcomes at Phase 3. I do wonder, though, about the reasonableness of expecting mastery of those Phase 3 aspects of outcomes A2, A3, A4 and A6 and I particularly wonder about the placement of A7 and A9 at this grade level.

Issues of Most Concern

Other Issues to Consider


Grade 3

Grade 3 students, for the most part, operate at a Phase 2 or Phase 3 level. I noticed that most of the outcomes for Grade 3 expect Phase 3 behaviours. Although this is, perhaps, reasonable, teachers need a way to deal with the many students still in Phase 2. How the curriculum supports them in this endeavour is one of the larger organizational issues to consider that was mentioned at the start of this report.

Issues of Most Concern

Other Issues to Consider

Grade 4

Most Grade 4 students are in Phase 3 and 4. Therefore, one would expect a fair number of outcomes to be at the Phase 4 level, but not the majority of outcomes. One should expect no Phase 5 outcomes. 

In fact, there were 7 outcomes situated in Phase 4(A1, A2, A3, A4, A5, A6, A7), only 3 outcomes with aspects situated in Phase 3 (A2, A5, A6) and an aspect of 1 outcome situated in Phase 5. This balance is probably too weighted toward Phase 4.

Issues of Most Concern

Grade 5

Although there are more students in Phase 4 at Grade 5 than there were in Grade 4, there are still many students in Phase 3. That should be taken into account in the curriculum.

Knowing that only a very few Grade 5 students are in Phase 5, it would be inappropriate for a curriculum to expect many Phase 5 behaviours to be mastered by Grade 5 students. However, in this curriculum quite a few outcomes seem to be situated in Phase 5.

Issues of Most Concern


Grade 6

The outcomes in Grade 6 are predominantly at Phase 5; only two outcomes have a Phase 4 component, specifically A5 and A10. This balance is not completely unreasonable, but our research shows us that so many students in Grade 6 are still in Phase 4 or even Phase 3, that this may be a lot to expect of the majority of students.

Issues of Most Concern


Other Issues to Consider


Grades 7 – 9

As was stated earlier, because the PRIME research did not focus on Grade 7 – 9 outcomes, the advice below is more professional advice based on trends we uncovered in the PRIME research than direct research data. 

Whole Number Work

• The culmination of work on divisors (greatest common factor and least common multiple problems, divisibility rules) in Grade 7 seems appropriately placed, given that factor work starts to be meaningful to students back in Phase 4. 

Work with negative numbers

• The use of integers in Grade 7 seems appropriate, although it may not be completely clear how far the Grade 7 teacher goes relative to the Grade 6 teacher. The introduction of negative rationals in Grade 8 is probably not a developmental problem, but Nova Scotia educators should be aware that most jurisdictions delay this until Grade 9.

Work with rational numbers

Work with rational numbers is very important at these grade levels. I see some of the outcomes as reasonable in their placement, and others of more concern.

• The work on relating fractions to decimals seems a bit ambitious to me. For example, students in Grade 7 are being asked to convert repeating fractions to decimals. This requires an abstract thinking level not in keeping with many Grade 7 students. Other work where students relate fractions to decimals (repeating or terminating) and equivalent ratios or percents seems appropriate.

Issues to Consider


Work with irrational numbers

The introduction of the square root symbol and the use of square roots to solve problems seems reasonable to me. I worry a bit about some of the expectations regarding understandings of irrational numbers, more generally. This is a very sophisticated concept to expect even Grade 9 students to deal with. Look, for example, at Task A 3.2; I doubt if many high school teachers could answer this correctly.

Work with forms of expressing numbers

• The introduction of exponential notation and scientific notation in Grade 7 seems premature to me. I think that at this level students might learn some rules for using these concepts, but probably are not at a level of sophistication to deal conceptually with some of the important issues. I think this may be the case even more for scientific notation than for the use of exponents, recognizing that scientific notation is a motivator for using exponents. 

• The introduction of negative exponents in Grade 8 is earlier than in most jurisdictions. I don’t know that it’s too early, but my instinct is that it might be.

By the way, the statement of Grade 8 Outcome A6 Represent any number written in scientific notation in standard form, and vice versa does not make it very clear that what distinguishes this outcome from the parallel Grade 7 Outcome is the use of negative exponents.
2. Considering the developmental research for the development of operations, is the current Nova Scotia curriculum consistent with this research? If not, please identify the necessary adjustments.

Focus on Primary:

Issues of Most Concern

Grade 1

Grade 1 students are usually in Phases 1 and 2. The balance of outcomes at these phases is reasonable, but perhaps mastery of the Phase 2 outcomes for all students is too much to expect. 

Issues of Most Concern

Other Issues to Consider


It might be worth considering adding an outcome in Grade 1 that informally previews multiplication and division, e.g. where students count totals and determine differences in situations involving equal groups.

Grade 2

It seems appropriate that the vast majority of the outcomes for this grade level are Phase 2 behaviours, although there are some Phase 3 elements of a couple of outcomes that warrant examination.

Issues of Most Concern

Other Issues to Consider


Grade 3

The operations outcomes for Grade 3 mostly describe Phase 3 behaviours, with a few exceptions which seem to demand Phase 4 behaviours; these latter requirements are probably too advanced for the majority of students. As was mentioned with the number outcomes, there are still many students at this grade level operating at a Phase 2 level. Teachers need curricular support to deal with this reality.

Issues of Most Concern

Other Issues to Consider


Grade 4

The balance of operations outcomes in Phase 3 and Phase 4 for this grade is somewhat better than for number outcomes. There are elements of one outcome that is actually at Phase 5, too advanced for most Grade 4 students. The outcomes that seem to be situated completely or primarily in Phase 4 are (B1, B2, B3, B10, B12, B14, B16 and  B17).

Issues of Most Concern

Grade 5

As with number, there are a significant number of outcomes or aspects of outcomes in the Grade 5 curriculum that are actually Phase 5 behaviours.

Issues of Most Concern

It is recommended that addition and subtraction of decimal thousandths, the division of decimals by wholes, and multiplication by negative powers of ten be reconsidered for this grade level. 

Grade 6

• Only outcomes B1, B7, and B8 have Phase 4 elements; all others are situated in Phase 5. For that reason, Grade 6 may be a tough year mathematically for Nova Scotia students who are still in Phase 3 or just barely in Phase 4.

Issues of Most Concern

Grades 7 – 9

As was stated earlier, because the PRIME research did not focus specifically on Grade 7 – 9 outcomes, the advice below is more professional advice based on trends from PRIME than direct research data. 

Work with negative numbers 

• The development of operations with integers is interesting. Where most jurisdictions hold off on multiplication and division until Grade 8, the Nova Scotia curriculum addresses all four operations in Grade 7. I am not providing evidence to say this is a problem, but I seriously wonder about whether students will understand multiplication and division of two negatives conceptually this early.

Issues to Consider

Issues to Consider (continued)
Issues to Consider

Work with rational numbers

As was noted earlier in the number section, work with rational numbers is a critical part of the curriculum at this level and students will struggle later on in math if they are not successful. 

• I found the flow of work on operations with fractions surprising.

- For example, there is addition and subtraction of fractions with models in Grade 6 and there is estimation of sums and differences of fractions in Grade 7, but the development of all four operations with fractions rests in Grade 8, rather than spacing it out.  

- Mental multiplication of fractions by wholes is placed in Grade 7, but adding fractions mentally where appropriate and other fraction operations are all in Grade 8. Although I can make sense of this mathematically, I doubt that the rationale for this sequencing is clear to teachers. 

• The sequence and placement of the development of percent work seems reasonable. 

Issues to Consider 


Work with irrational numbers

• The work with irrational numbers does not seem to be problematic, although it is hard to interpret from Grade 9 Outcome B1 Model, solve, and create problems involving real numbers what the curriculum really expects. Many, although not all, of the problems, could have been handled with understandings from earlier grades.

• It is also surprising that Grade 9 Outcome B6 Determine the reasonableness of results in problem situations involving square roots, rational numbers, and numbers written in scientific notation is a stand-alone outcome. Should this determination not be embedded in all of the other outcomes or is there value in highlighting this?

Other topics

• Matrices are not commonly dealt with in Grade 9 in Canada. I do not see what is wrong with it, but Nova Scotia educators should be aware of this if choices have to be made. Conceptually, the operations presented should not be too difficult for grade 9 students.

3. How do we ensure that operational procedures are well developed within context of conceptual understanding?

This is of course a fundamental question and one that cannot be dealt with in a few paragraphs. That said, a possible role for the curriculum in this endeavour is described below.

Clearly the Nova Scotia curriculum is already committed to the promotion of conceptual understanding; it is obvious by the wording of outcomes and the care taken to clarify concepts in the elaboration. Whether teachers teach that way is, of course, a different question. A curriculum can only guide behaviour; it cannot enforce it. 

Conceptual understanding is more likely if teachers have a better sense, themselves, of how the math they teach fits into the bigger picture of mathematical understanding. This would be facilitated by the articulation of key ideas in the curriculum document with some explication of how specific concepts relate to those key ideas. This is, of course, in addition to any professional opportunities provided to teachers to help them develop this big picture.

Teachers are more likely to focus on the development of conceptual, rather than procedural, understanding if they have support from administrators, mentors and colleagues to help them know what a classroom that builds conceptual understanding looks like. This need is greater in math than some other subjects since many teachers have never seen that approach in their own mathematical education. What the curriculum can do is make this approach feel more manageable. 

One approach the curriculum could take is to suggest sets of rich tasks students can work on to develop deeper conceptual understandings with support for teachers on how to bring those understandings out. For example, in some of the lessons I have recently written, a lesson is a single rich problem, with significant support for teachers to help them help students articulate their thinking or prompt  other pathways.

Another important consideration, and the motivation for this report, is to ensure that students are not presented with the requirement to master concepts for which they are not developmentally ready. This goes back to my suggestion that consideration be given to dividing up outcomes into those that are to be “mastered” and those which are meant only to preview ideas to give those ideas more time to germinate. If students are working within an appropriate zone of proximal development, it is much more likely that they can understand the concepts they are meeting.

The literature in the field has documented some well-known stumbling blocks in developing mathematical understandings. We can make sure these are addressed in curriculum so that teachers know what to look for and, more importantly, what to do when these stumbling blocks are encountered.  For example, in the PRIME materials, common misconceptions are identified and suggestions for dealing with them made. Similar ideas could be incorporated into curriculum elaborations.

Recognizing that it is not only acceptable, but desirable, that not all students approach problems in the same way is an important mental attitude for teachers to develop to ensure a focus on conceptual understanding. For many teachers, this is not a belief held in mathematics, even if it is in other areas of curriculum. This attitude is something that the whole community must embrace to make it the norm, rather than the exception.

Looking through the curriculum, I also noted several specific issues that might be addressed.

-  You might want to consider how to talk about the various computational strategies in the curriculum. Notice that Grade 2 outcome B5 Develop and apply strategies to learn addition and subtraction facts refers to teaching the strategies in isolation and then combining them. But because the curriculum outcomes are not set up that way, that may well not be happening.

- It is also odd that Grade 2 outcome B7 Demonstrate an understanding of basic principles of addition highlights some, but not all principles or strategies.

4. Comments

Some personal observations
There were several issues that drew my attention as I completed this analysis that do not specifically address the developmental research. Please accept these comments as simply personal observations for your consideration.

• I noted a number of instances where outcomes suggesting that students solve problems using certain mathematical content were separated from the outcomes where that content was addressed. I wonder if this is sending a good message to teachers. Don’t we want them to address the teaching of the content through problems most of the time?

• In several grade levels, there was an outcome about using technology to solve problems with larger numbers. It seems to me that the choice of tool, in this case a technology tool, is a process outcome and not a content one. Just like there are no outcomes about communication since they are implicit in other outcomes, I would feel that issues like choice of tool should be handled in the same way.

• I found the decisions about what content was listed in the number strand and what content in the pattern and pre-algebra strand hard to figure out. There was an obvious decision to show the links between the strands by listing what would normally be viewed as number outcomes in the pattern strand and vice versa, but if two strands are included in the document, it should be relatively clear why an outcome sits in one rather than the other. It was not, for me.

The outcomes that I would have put in the pattern and algebra strand are:

-  Grade 4: Outcome B7 Demonstrate an understanding of the open frame as a place holder for a digit on some occasions and for a number on other occasions
- Grade 5: Outcome B7 Determine whether an open sentence is always, sometimes, or never true

- Grade 7: Outcome B16 Create and evaluate simple variable expressions by recognizing that the four operations apply in the same way as they do for numerical expressions
- Grade 7: Outcome B17 Distinguish between like and unlike terms

- Grade 7: Outcome B18 Add and subtract like terms by recognizing the parallel with numerical situations, using concrete and pictorial models 
- Grade 8: Outcome B14 Add and subtract algebraic terms concretely, pictorially, and symbolically to solve simple algebraic problems

- Grade 8: Outcome B15 Explore addition and subtraction of polynomial expressions, concretely and pictorially

- Grade 8: Outcome B16 Demonstrate an understanding of multiplication of a polynomial by a scalar, concretely, pictorially, and symbolically
- Grade 9 Outcome A2 Graph, and write in symbols and in words, the solution set for equations and inequalities involving integers and other real numbers

- Grade 9 Outcome B8 Add and subtract polynomial expressions symbolically to solve problems
- Grade 9 Outcome B9 Factor algebraic expressions with common monomial facts, concretely, pictorially and symbolically

- Grade 9 Outcome B10 Recognize that the dimensions of a rectangular area model of a polynomial are its factors

- Grade 9 Outcome B11 Find products of two monomials, a monomial and a polynomial, and two binomials, concretely, pictorially and symbolically

- Grade 9 Outcome B12 Find quotients of polynomials with monomial divisors

- Grade 9 Outcome B13 Evaluate polynomial expressions

- Grade 9 Outcome B14 Demonstrate an understanding of the applicability of commutative, associative, distributive, identity and inverse properties to operations involving algebraic equations
- Grade 9 Outcome B15 Select and use appropriate strategies in problem situations

Some more specific suggestions

• I noted that there are no outcomes focused on having students describe situations where numbers of various types (depending on the grade level) are used. Although this may be implicit in the curriculum, perhaps there is value in making it more explicit.  For example, a Primary outcome might involve looking for situations in their homes where numbers from 1 to 10 are used.

• Grade 1: It seems odd to limit set creation to only sets that differ by small amounts in A2 Create equivalent sets and sets that differ by small amounts. 

• I found it interesting that there is no outcome at either Primary, Grade 1 or Grade 2 which deals with numbers being even or odd other than in the geometry strand.

• I noted that Grade 3 Outcome A4 Demonstrate an understanding of base-10 groupings, is an odd mix of number and operation work. Perhaps the elaboration should focus on the number aspects of place value, rather than the operation aspects.

• In grade 3, the curriculum proposes work with decimal tenths. It is worth considering whether using tenths first is actually easier for students than using hundredths. Tenths may be easier to model as fractions than hundredths, but students are more familiar with hundredths in the context of money.

• I would reconsider the wording of Grade 6 Outcomes B11 Calculate sums and differences in relevant contexts by using the most appropriate method and B12 Calculate products and quotients in relevant contexts by using the most appropriate method” by not suggesting “the most appropriate method” but, instead, “appropriate methods”. There is always a choice in what is deemed most appropriate. 

• I wondered why Grade 7 Outcome B17 Distinguish between like and unlike terms was an outcome in operations. There are no operations here. 

• I think the curriculum would benefit from more attention to alternate models for addition and subtraction of fractions. Using a grid model can be very powerful for students, but is not mentioned.
• The inclusion of Grade 9 Outcome A6 Represent situations using matrices is highly unusual. I do not think the use of matrices is developmentally difficult, but if the goal is to streamline the curriculum, Nova Scotia educators should be aware that this is highly unusual.

• Grade 9 Outcome B13 Evaluate polynomial expressions seems to duplicate some work in Grade 8. Will it be clear to teachers what is new here?
• I wondered whether the abstractness of Grade 9 Outcome B14 Demonstrate an understanding of the applicability of commutative, associative, distributive, identity and inverse properties to operations involving algebraic equations is suitable even for Grade 9 students. Using properties is a lot different than generalizing to concepts of when they are applicable.

• Grade 9 Outcome B15 Select and use appropriate strategies in problem situations is an unusual outcome. Should not the selection and use of appropriate strategies in problem situations be part of most of the other outcomes? It is also not clear, even after reading through the elaboration, to which types of problems it is envisioned that this outcome applies.
Highlights of recommended changes to current Atlantic Curriculum

Number Outcomes

Counting

I think the expectation that students count backwards, skip count from numbers other than the traditional ones, and skip count by 25s all appear in grades earlier than our PRIME research would support. Sometimes it is not clear from the wording of the outcome that this is what is happening, but once the elaboration and tasks are studied, this becomes apparent.   

Whole Number Outcomes

The topic of ordinal numbers is not mentioned very much in the curriculum. Where it is, the expectations for student sophistication, as discussed above, seem high for the grade level at which the outcomes appear.

• Comparing two-digit numbers abstractly in Grade 1 seems too early. Exposure, rather than mastery, makes more sense here.

• The jump to abstract representation of three-digit numbers seems a bit hasty.  In Grade 2 there are outcomes where students are going beyond 100 in fairly abstract ways. This will not suit Phase 2 students if mastery is expected.

• Similarly, the expectation that the majority of Grade 4 students will be comfortable with numbers to 99 999, Grade 5 students will be comfortable with numbers beyond 100 000, and that Grade 6 students will work meaningfully with numbers in the millions in as abstract a way as is indicated in the elaborations and tasks suggested may be unrealistic. 

• The introduction of exponential notation and scientific notation in Grade 7 seems to be early based on what our research is showing us. At this stage, although students might be able to learn the rules, they are probably not at a level of sophistication to deal with these ideas conceptually.

 • Although estimating and rounding are discussed, there is very little emphasis on the use of benchmarks to relate whole numbers to. This would certainly support better conceptual understanding.

Fractions

• There might be some reconsideration of the early use of the part of set meaning for fractions. As discussed above, sharing problems are appropriate for early inclusion in the curriculum, but it is the use of fractional notation for these situations that is being questioned. 

• Fraction creation (or modelling) seems to be expected too early, based on what we learned from our studies. 

• The expectation that students use symbolic methods for creating equivalent fractions and the introduction of the equivalence of improper fractions and mixed numbers, both in Grade 4, come earlier in the curriculum than the PRIME research would support. 

• Writing repeated decimals as fractions seems to come too early. Many grade 7 students are not prepared for the abstract and flexible thinking expected in this outcome.

Decimals

• Our research does not support the inclusion of decimal comparisons in Grade 3 where students are often still in Phase 2 and 3.

• Our research does not support work with thousandths in Grade 5. 

• The introduction of negative exponents in Grade 8 was not a subject of our research. However, based on trends in our research, the abstractness of this concept might warrant its delay by a year. 

Proportional Reasoning

• In order to build capacity in proportional reasoning, perhaps the curriculum needs to be more explicit about preliminary work with ratio earlier than is currently the case. Our research supports earlier consideration of proportional thinking with concrete materials. These ideas exist now in the curriculum implicitly, for example in multiplication situations, but not explicitly.

• As discussed in the grade by grade analysis, there might be some rearrangement of Grade 7 outcomes on percent and more visual support for work with percents greater than 100% or fractional percents.

Work with Irrational Numbers

Some expectations in Grade 9, as described above, seem to anticipate a very high level of sophistication; this is very unlikely for even Grade 9 students. For example, one task asks students to compare the number of rational and irrational numbers; most teachers could not do this.

Matrix Work

Although there is probably nothing developmentally problematic with introducing matrices and matrix operations in the K – 9 curriculum, it is highly unusual and perhaps not the best use of teaching time if it is felt that the curriculum is already too crowded.

Operation Outcomes

Whole Number Operations

• The formal use of comparison models for subtraction in Primary and the expectation that Grade 1 students be able to solve all types of comparison problems of the form a – b = c seem to come too early. Research suggests that this meaning of subtraction is not comfortable for students until Phase 2.

• The requirement in Grade 1 that students work with pictorial models for addition and subtraction seems inappropriate. Many Phase 1 students still need to work at the concrete level. 

• The requirement that addition and subtraction strategies be considered in an abstract way in Grade 1 seems premature.

• It might be worth considering adding an outcome in Grade 1 to preview multiplication and division where students are working specifically with creating equal groups in addition and subtraction situations.

• The introduction of both the partitive and quotative meanings of division in Grade 2 seems premature. Our research suggests that it is not until Phase 3 when students comfortably move between the two meanings of the division operation. 

• The expectation that Grade 3 students can deal with remainders when dividing in a meaningful way, i.e. decide whether to round up, round down, etc. is also introduced earlier than research would support.

• Grade 3 outcomes expect students to estimate in multiplication and division situations. Our research shows that this comes later than Grade 3.

• There are two grade 5 outcomes which require that students make choices about when to mentally multiply and divide. Although it is reasonable to expect some mental multiplication and division, the flexibility needed to make decision about when this is appropriate is Phase 5 behaviour; many grade 5 students are not there yet.

Decimal Operations

• There are several outcomes that appear in grades earlier than our PRIME research would support. As was mentioned earlier, Grade 5 work with thousandths might better be delayed to Grade 6.

• Dividing decimals by whole numbers and multiplying whole numbers by 0.1, 0.01 and 0.001 both appear in Grade 5. These are Phase 5 outcomes and might be better delayed by a year.

• The multiplication of two decimals, the division of two decimals and division of numbers by 0.1, 0.01 and 0.001, all now appearing in Grade 6, all might be better delayed by a year, based on what we know about the necessary delays from Grade 5.

Integer Operations

It seems strange to me to work on all 4 integer operations in Grade 7. The abstractness of conceptually understanding how to multiply or divide two negatives suggests to me that these ideas might better be delayed by one year.

Fraction Operations

Right now there is a quick look at fraction addition and subtraction with models in Grades 4 and 6, only multiplication of a fraction by a whole number in Grade 7 and then four operations with fractions in Grade 8. This sequencing is hard to make sense of.  I would recommend dropping the Grade 4 introduction, and separating the Grade 8 outcomes so that addition and subtraction and multiplication of a fraction by a whole are met in Grade 7 and multiplication and division in Grade 8.

Algebraic Operations

Work with adding and subtracting algebraic terms and polynomial expressions symbolically and multiplying polynomials by scalars in Grade 8 seems early to me relative to most curricula in the country. 
Organizing around Key Ideas

The key ideas in number and operation that form the basis of the PRIME developmental maps in that strand are listed below. I see these as potential organizers for the curriculum. Rather than focusing on key stage outcomes at the end of each grade span, the focus would be on connecting outcomes within grades and from grade to grade using the key ideas. The PRIME correlations could be used as a starting point.

Key Concepts for Number
■ Numbers tell how many or how much 

■ Classifying numbers provides information about the characteristics of the numbers.

■ There are different, but equivalent, representations for a number.

■ We use a number system based on patterns.

■ Benchmark numbers are useful for relating and estimating numbers.

Key Concepts for Operations
■ Addition leads to a total and subtraction indicates what’s missing. Addition and subtraction are intrinsically related.

■ Multiplication and division are extensions of addition and subtraction. Multiplication and division are intrinsically related.

■ There are many algorithms for performing a given operation.

A possible approach (and one that I am currently fleshing out in a book I am writing) involves breaking out the key concepts into sub-key concepts for each chunk of content within the strand and providing teachers with activities and questions to ask to bring those key ideas out.

For example, within key concept 1 for number, one might consider the sub-key concept for fraction work:

A fraction is not meaningful without knowing what the whole is.

In an outcome involving comparing fractions, you could include an activity such as this:

To connect fractions and whole numbers in terms of the importance of the whole or unit when comparing, ask students: 

Jana has three base ten blocks. Ian has four base ten blocks. Whose number is greater? 
Then ask:

I have 2/3  of a container of ice cream left. Ian has 3/4  of a container left. Who has more ice cream left? 

Part B: Patterns and Pre-Algebra

1. Considering the developmental research in relation to the pre-requisite skills and conceptual understandings students need to be successful in algebraic reasoning, including the introduction of variables or unknowns, is the current Nova Scotia curriculum consistent with this research? If not, please identify the necessary adjustments.

Some background information to underpin the curriculum analysis following

To put the comments on patterns and pre-algebra to follow in perspective, it might be useful for you to consider what our PRIME research found in terms of the correlation between Phase (from 1 to 4) and Grade level in Patterns and Algebra given the current educational context.


The Nova Scotia curriculum differs from a great number of other curricula in this strand in that the work in Grads 4 – 6 pattern is almost exclusively about computational and number representation patterns. It also moves more quickly than most other jurisdictions in Grades 7 – 9 to formal descriptions of linear relationships and consideration of non-linear relationships.

Looking Grade by Grade

Primary:

The patterns and relations (C) outcomes at this level are, for the most part, quite reasonable. Students in Primary are generally in Phase 1 and the behaviours expected in the outcomes, but for one, are all Phase 1 behaviours.

Issues of Most Concern

Grade 1:

The PRIME research shows that in Grade 1, there are many students in Phase 1 but also a significant number in Phase 2. It would make sense that the curriculum outcomes be balanced between the two phases. In fact, the balance is weighted toward Phase 2.

Only Outcome C1 Create and recognize physical configurations for numbers is actually a Phase 1 outcome.  All of the other outcomes are at the Phase 2 level.  
Issues of Most Concern

Other Issues to Consider


Grade 2:

The PRIME research shows that there are still a significant number of students in Phase 1 in pattern development, with an increasing number of students in Phase 2. All of the Grade 2 Nova Scotia outcomes for pattern and relations are at Phase 2. 

Although it may not be necessary to include Phase 1 outcomes for the Phase 1 students, Nova Scotia teachers would need support in including these Phase 1 students appropriately in instruction in this strand.




Issues of Most Concern

Grade 3

Grade 3 students, for the most part, operate at a Phase 2 or Phase 3 level. The Nova Scotia outcomes are nicely balanced between these two phases. 

Grade 4

At the Grade 4 level, many students are in Phase 3, but many are still in Phase 2. All of the Nova Scotia pattern and relation outcomes relate more to computational issues than to broader pattern work. Although, in a loose way, these outcomes all fit Phase 3 on the pattern map, we can get better information about their appropriateness for this grade level by considering the number and operations maps. In each case, the outcomes seem appropriate for this grade level.

Grade 5

The PRIME research indicates that Grade 5 students are usually in Phases 3 and 4. The Nova Scotia pattern and relation outcomes are balanced between Phase 3 and 4, with more outcomes in Phase 3 than in Phase 4. This seems appropriate. The majority of indicators are computational, so again, looking at the number and operations maps may be helpful in evaluating their appropriateness for this grade level.

Issues of Most Concern


Grade 6

The PRIME research suggests that although there are Phase 4 students in Grade 6, there are still a lot of Phase 3 students at that level. The vast majority of the Nova Scotia pattern and relation outcomes are at Phase 4, which may create struggles for the Phase 3 students.  

There is one outcome that may be problematic for even pattern Phase 4 students in Grade 6.

Issues of Most Concern

Grades 7 – 9

As was stated earlier, because the PRIME research did not focus on Grade 7 – 9 outcomes, the advice below is more professional advice based on trends we uncovered in the PRIME research than direct research data. 

Describing and Using Patterns

The focus on using patterns at the Grade 7 level with just a bit of work at the Grades 8 and 9 level makes sense. As students move into Grade 8 and Grade 9, there should be a transition to a more algebraic focus. 

Using algebraic expressions

The use of variables to describe quantities that began in Grade 6 appropriately continues into Grade 7. There is an assumption that this is well–understood in Grade 8 and there are no additional outcomes focused on this topic at the Grade 8 level. Given that we know that it is not really until Grade 6 that most students are comfortable with using literal variables, there may be a need for more work in this area for the many Grade 8 students who did not reach Phase 4 before Grade 7.

Equations and inequalities

Grade 7 focuses on solving linear equations using informal and pictorial methods. This is followed up, appropriately, in Grade 8 with more formal work.

The introduction of inequalities in Grade 9 seems appropriate. 
Issues to Consider

Graphing relationships

There is a huge focus on graphing relationships in the Nova Scotia curriculum in Grades 7 – 9, particularly in Grades 8 and 9. 

The progression to formal consideration of slope and to non–linear functions seems very quick relative to what is the norm in most jurisdictions. For example, students are informally exploring slope in Grade 7 and formally in Grade 8, when typically this would be Grade 8 and Grade 9 or strictly Grade 9. The expectation that students distinguish between linear and non–linear situations also comes very early. There is some mention of this in Grade 8 and an expectation that words like parabolic and exponential are meaningful to students in Grade 9. I would question the hurry.

2. How do we make the connections between operational thinking and algebraic thinking explicit in the curriculum?

The decision was clearly made in the existing Nova Scotia curriculum to show the connection between number and algebra by placing what were deemed to be appropriate algebra outcomes in the number strand and appropriate number outcomes in the algebra strands.

I would doubt whether this approach to showing the connections translates into teaching in number that helps students develop algebraic thinking or vice versa.  A different approach is suggested below.  But first I think it is important to distinguish between what algebra and number are all about.

The PRIME materials talk about the research on symbol sense. This is an intuitive feel for algebra. (Small, 2005b, p.  72 – 73). 

It means that an individual can:

• scan an algebraic equation and immediately visualize the patterns one would see in a graph of the equation or quickly estimate the values in a table representing the equation
• scan a table of values or a graph and reasonably predict a rule, or equation, to describe or represent it

• read symbolic expressions meaningfully, for example, reads the expression

 (2n + 3)2 as “the square of 3 more than double a number”

• flexibly manipulate symbols, for example, by rewriting the equation 5n – 7 =  2n – 6 as 5n – 2n = 7 – 6 to make it easier to solve
• intuitively sense when it is appropriate to use symbols to solve a problem, but can abandon symbols when it is appropriate. For example, a person with symbol sense realizes that to determine a number that can be tripled and added to 8 to result in 275, he or she could write an equation such as 3 ( ( +   8 =  275, but is more likely to simply subtract 8 from 275 and then divide by 3 to get 89.

• select a format for an algebraic expression or equation that is most appropriate for a particular situation. For example, to find an algebraic expression that would represent the sum of three consecutive numbers, a person with symbol sense would represent the three consecutive numbers as n – 1, n, and n  + 1. This student would then create and simplify an algebraic expression: n – 1 +  n  + n +  1  =  n +  n +  n  = 3n. (The sum of three consecutive numbers is 3n, n represents the middle number.)
• make informal comparisons of orders of magnitude for various functions.

For example, a person with symbol sense knows that a function that multiplies the input value by 3 and then adds will result in greater output values than one that multiplies input values by 2 and then adds, for values of x greater than 1.

One of the goals of math educators in pre–algebra is to build comfort with symbols. This is accomplished in many ways.

For example:

• Students would have opportunities to use frames, or open boxes, to represent

unknowns early in their work with number sentences and this does happen in the Nova Scotia curriculum. But the curriculum would point out the importance of using a variety of forms of frames, squares, circles, diamonds, or underlines. 

• Students would also use frames as symbols to describe generalizations.

For example, to describe that something is true for any positive

number, they might write (>  0 for every value of (. Less of this use of variables is apparent in the current curriculum.

• Students would have opportunities to explore the values represented

by symbols. For example, by creating or using a table such as the one

below, they can look at the effect of changing the value of ( on the

expressions ( +  2, 2 (  (, and ( ( (. This is discussed, intermittently, in the current curriculum, but not consistently.
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The PRIME material (Small,2005b. p.75), articulates a parallel, but makes a distinction, between number sense and symbol sense.

[image: image3.png]Comparing Number and Symbol Sense

« select an appro-
priate form of a
number to calcu-
late in a particular
number situation

Students think of 25 as
either § of 100 or as 5 more
than 20, depending on what

is convenient in a particular
number situation.

In the first example,
below, it is convenient to use
4 of 100; in the second
example, it is convenient to

use 5 + 20:
1

*25 X 16 = — of 100 X 16
= < of 1600
=400

*95 4+ 25=05+5+ 20
=100 + 20

=120

« select an appro-
priate form for an
algebraic expres-
sion to model a
particular situation

To show why the sum of
three consecutive numbers
is always a multiple of 3,
students represent the
values of the three consecu-
tive numbersas -1, ,
and  + 1. The simplifica-
tion below shows quite
clearly that the resultis a
multiple of 3.

-1+ +0 41
+ 4 +1-1
3x



[image: image4.png]« intuitively know
when it is appro-
priate to use
mental calcula-
tions, rather than a
formal algorithm,
to solve a problem

Students know they can

use mental math to multiply
by 5. Multiplying by 5 is

the same as multiplying by
10 and then dividing by 2
(both calculations being
easy to do mentally). For
example:

144 X 5
144 X 10 + 2
1440 + 2
720

« intuitively know
‘when it is appro-
priate to use sym-
bols to solve a
problem, but are
able to abandon
symbols when
appropriate

Consider the following problem:
If my brother got §28 more,
he would have 3 times as
much money as he has now.
How much does he have now?
Students might recognize
that they can solve the
problem by solving the equa-
tion n + 28 = 3n, but realize
that, instead, all they have to
do is calculate half of 28
because n + 28 = 3nis

28 = 2m:

n 28




[image: image5.png]« have an immediate
sense of the simi-
larities and differ-
ences between
groups of numbers

Students immediately realize
that the number of multiples
of 6 is much greater than the
number of powers of 6.

For numbers less than 1000:
Multiples: 0, 6, 12, 18, ..., 996
Powers: 1 (6°), 6 (6), 36 (62),
216 (6%)

« scan an expression
and have an imme-
diate “estimate” of
patterns that one
‘would see in a
graph or table of
values describing
that expression

Students look at the expres-
sions 10 —  and 10 +

and realize that the values of
the first expression, 10 —
decrease steadily as
increases, while the values
of the other expression,

10+ , increase steadily.

10 — 10 +
0 10 10
1 9 11
2 12
3 7 13




[image: image6.png]« read numbers
meaningfully and
flexibly

« scan a complex
computation and
reasonably predict
the size of the
answer

Students read 0.5 X 24 as
half of 24.

Students recognize that

3 X 52 — 4502 X 3 will be a
negative number quite far
from 0.

« read symbolic
expressions mean-

ingfully

« scan a table of
values or a graph
and reasonably
predict a rule or
equation to
describe it

Students read the expression
2 X+ 3as “3 more than
double a number.”

Consider the following table:

ale e x
o|N|ue <

Students realize that the rule or
equation for describing y in
terms of x will involve a posi-
tive multiple of x (2x, 3x, or 4x,
... since the values fory
increase regularly as the values
for x increase regularly. They
also realize that there will be an
additional calculation involved
because 3, 5, 7, and 9 are not
multiples of 2. The rule,
expressed as an algebraic equa-
tion, isy = 2x + 1.



[image: image7.png]* scan a numerical Students look at the * scan an equation Students look at the equa-

equation and numerical equation involving a vari- tion3 X  +2=8and
immediately know 3415 — 1289 = 210 and able and have an realize that  must be a
if the answer is realize the answer is immediate esti- small positive number
reasonable ‘wrong because it must mate of the size of  because 3 times the
be about 2100 (because the solution unknown number must be
3400 — 1300 = 2100). 2 less than 8.

« flexibly manipulate  Students invent personal algo-  « flexibly manipulate  Students know they can
numbers and rithms for calculating. For symbols rewrite an expression such
operations example, they rename 143 as as2 X +4as  +  +4,

150 — 7 to make it easier to to make it easier to work
calculate with mentally: with.
400 — 143 = 400 — (150 — 7)
400 - 150 + 7
=250 +7

=257




Many educators have found sharing this chart with teachers useful for helping those teachers see how to develop algebraic competence using strategies similar to those they use to develop number sense.  The curriculum could include aspects of symbol sense as curriculum outcomes, much like some aspects of spatial sense are now incorporated into the geometry strand outcomes.

The curriculum can do a more thorough job of helping teachers see how developing reasoning in number work can promote algebraic thinking. Some examples are listed below. 

- When working with least common multiple problems, we could pose a task like: Explain why 31 is the least number that leaves a remainder of 1 when divided by 2, 3, and 5. The elaboration could help teachers lead students to see how to describe the numbers that leave a remainder of 1 when divided by 2, those that leave a remainder of 1 when divided by 3 and those that leave a remainder of 1 when divided by 5 in ways that more likely promote algebraic thinking.


Using this kind of chart, rather than simply listing 3, 5, 7,9,…  ; 4, 7, 10, 13,…; and 6, 11, 16, 21,…  makes the later transition to writing the number that is 1 more than a multiple of 3 as n x 3 + 1 much easier.

In many instances, reasoning is about generalizing. For example, as we teach students that you can add the same amount to both numbers without changing their difference, not only can we show why it makes sense on a number line, but we can, as it is appropriate, symbolize this algebraically, i.e. (a  + () – (b + () = a  – b.



Another example of showing students how to think algebraically about general number principles is shown here (Small, 2005b, p. 80).

A student looks at an addition table and notices a pattern along the diagonals—

all the numbers are the same. He looks at other diagonals going in

the same direction and notices the same thing. He might begin by examining

specific examples to better understand the pattern. For example, the

addition facts along the diagonal below (highlighted with blue counters)

are 5 +  0 =  5, 4 +  1 =  5, 3 +  2 =  5, 2 +  3 = 5, 1 +  4 =  5, and 0 +  5 =  5. 

…This can be explained in words as “as one addend increases by 1, the other decreases by 1 so the sum stays the same.” This can also be represented in an algebraic equation using symbols; for example, ■  + ◆ =  (■  + 1) +  (◆ –  1).
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As teachers and students work in number and focus on reasoning, pattern, and coming to generalizations, the curriculum document can be used to help teachers see when it might be appropriate to go one step farther using variables. 

In summary, I believe that the link between algebraic thinking and operation work is strengthened not so much by listing outcomes in one place rather than another but by building those connections into the elaborations and tasks. I would continue to list tasks that are really number tasks (for example, multiplying by powers of 10) in the number or operations strand and tasks that are essentially algebraic (for example, adding polynomials) in the pattern and algebra strand. This is because the “big ideas” are different in these two strands. But the discussion in the elaborations and tasks of each strand should support work in the other strand.
3. Comments

Some personal observations
• As mentioned in the number section, there are a number of algebraic outcomes that appear in the number and operations work. I list them again here. 

I would most likely include all of these outcomes in the pattern and relations strand, but most particularly Grade 4 Outcome B7, Grade 5 Outcome B7, Grade 7 Outcome B16, Grade 7 Outcome B17, and Grade 9 Outcome A2 since they seem to be in keeping with other outcomes that do appear in this strand.
The outcomes that I would have put in the pre-algebra strand are:

-  Grade 4: Outcome B7 Demonstrate an understanding of the open frame as a place holder for a digit on some occasions and for a number on other occasions
- Grade 5: Outcome B7 Determine whether an open sentence is always, sometimes, or never true

- Grade 7: Outcome B16 Create and evaluate simple variable expressions by recognizing that the four operations apply in the same way as they do for numerical expressions
- Grade 7: Outcome B17 Distinguish between like and unlike terms

- Grade 7: Outcome B18 Add and subtract like terms by recognizing the parallel with numerical situations, using concrete and pictorial models 
- Grade 8: Outcome B14 Add and subtract algebraic terms concretely, pictorially, and symbolically to solve simple algebraic problems

- Grade 8: Outcome B15 Explore addition and subtraction of polynomial expressions, concretely and pictorially

- Grade 8: Outcome B16 Demonstrate an understanding of multiplication of a polynomial by a scalar, concretely, pictorially, and symbolically
- Grade 9 Outcome A2 Graph, and write in symbols and in words, the solution set for equations and inequalities involving integers and other real numbers

- Grade 9 Outcome B8 Add and subtract polynomial expressions symbolically to solve problems
- Grade 9 Outcome B9 Factor algebraic expressions with common monomial facts, concretely, pictorially and symbolically

- Grade 9 Outcome B10 Recognize that the dimensions of a rectangular area model of a polynomial are its factors

- Grade 9 Outcome B11 Find products of two monomials, a monomial and a polynomial, and two binomials, concretely, pictorially and symbolically

- Grade 9 Outcome B12 Find quotients of polynomials with monomial divisors

- Grade 9 Outcome B13 Evaluate polynomial expressions

- Grade 9 Outcome B14 Demonstrate an understanding of the applicability of commutative, associative, distributive, identity and inverse properties to operations involving algebraic equations
- Grade 9 Outcome B15 Select and use appropriate strategies in problem situations
• There is some inconsistency in how pattern work in various other strands is handled. For example, a number of number pattern concepts appear in the pattern strand, yet geometry pattern work appears only in the geometry strand. Some consistency would strengthen the coherence of the curriculum document.  

• It is interesting that the Atlantic curriculum writers chose not to focus on the development of ability to deal with two attribute versus one attribute patterns when this is common elsewhere. There is no evidence this is a deficit, but if we want students to be good at seeing patterns, it might make sense that this be explicitly brought out.
• I found the flow from Grades P – 9 somewhat bumpy. There was no obvious progression of pattern and algebraic thinking that one could track by following through the C outcomes through the grades.  For example, in P–3, there were outcomes that focused on what patterns are and how they work and in Grades 7 – 9 outcomes about patterns and algebraic thinking, but in Grades 4 – 6, the outcomes were completely computational. Why these particular outcomes are listed and how they fit into the development of thinking in pattern and algebra is not really clear.

Highlights of recommended changes to current Atlantic Curriculum

Patterns and Relationships

• I believe that the expectation that Primary students translate patterns is premature. These Phase 2 behaviours are unlikely in a Primary classroom.

• I would recommend that some Phase 1 pattern work be included in the Grade 1 curriculum.

• I would suggest that the Grade 2 outcome related to the ambiguity of pattern be reconsidered for a much later grade level when students are more mathematically sophisticated about patterns.

• There are a number of computational patterns that are the focus of study in Grade 5 and Grade 6 that may be too advanced, from a number perspective, for these students. These are indicated in the grade by grade analysis.

• I believe that there needs to be a more considered development of pattern concepts. 

· For example, there are no outcomes that focus on teaching students what a pattern rule is. 

· There is no attention to language like the “core of a pattern”. 

· The distinction between recursive and relational patterns is not made explicit. 

· There is a lack of clear development of moving from simple to more complex pattern work through the grades to guide teachers as to how pattern thinking should grow.  Right now the patterns that are described in the Grades 4 – 6 parts of the curriculum relate to the number topics being taught but do not deliberately consider how thinking about patterns develops.

• Similarly, I believe that the curriculum would benefit from a more structured development of how relationships can be expressed using diagrams, tables, charts and graphs. 

Use of Variables

The move from using an open box to represent an unknown to a literal variable is reasonable, but I believe that Grade 8 students would benefit from specific outcomes about representing quantities or situations symbolically. It is not until Phase 4 that students become comfortable with literal variables and many students do not reach that phase until Grade 7 or probably even Grade 8.

Equations and Inequalities

• Many curricula across North America are now paying more attention to helping younger students better understand the meaning of the equal sign as a balance. The current curriculum does this, but very implicitly. I suspect explicit attention to this idea in the early grades would benefit student’s algebraic development.

• The move in Grade 8 to working with fairly complex linear equations (complex in terms of the coefficients and constants used) may be a little early for some students. If they are to continue to solve equations concretely or even pictorially, a bit longer time with simpler equations might be important for many students. 

• The curriculum would also benefit from a clearer delineation for teachers from grade to grade, in Grades 7 – 9 in particular, of what sorts of equations are appropriate for each level.

Graphing Relationships

There is a nice beginning in the elementary years of looking at graphs as showing relationships. Then there is a very quick jump, from Grade 7 to Grade 8, into the formal use of slope to describe linear relations. There is also an expectation that students in Grade 8 work with non-linear situations. Again, this seems to be ahead of where other jurisdictions would suggest their students would be.

Our research does not show this is a mistake, but given what we know about students’ ability to think abstractly, I wonder if this is more hurried than is advisable.

Missing Outcomes
It is unfortunate that there is no specific attention among the C outcomes in Grades 4 – 6 to concepts like the ones below that are typical in other jurisdictions and which are important precursors to later work with tables of values and algebraic concepts.

· Identifies and extends a broad range of patterns.

· Identifies errors in the extension of a broad range of patterns.

· Creates patterns to meet specific criteria.

· Uses pattern rules to describe patterns either with words or symbols.

· Compares a broad range of patterns.

· Models a broad range of patterns in a variety of ways.

· Demonstrates an understanding of the patterns in tables and charts by completing or creating a table or chart. (although this is currently embedded in some, but not many, other outcome tasks)

· Explores the difference between using a letter to represent an unknown or to represent a variable.
Organizing around Key Ideas

The key ideas in patterns and algebra that form the basis of the PRIME developmental map in that strand are listed below. 

Key Concepts for Patterns and Algebra
■ Patterns represent identified regularities based on rules describing the patterns’ elements.

■ Any pattern can be represented in a variety of ways.

■ Patterns underlie mathematical concepts and can also be found in the real world.

■ Data can be arranged to highlight patterns and relationships.

■ Relationships between quantities can be described using rules involving variables.

Again, you could break out the key ideas into sub-key concepts for chunks of work.  For example, within key concept 1 for pattern, one might consider the sub-key concept:

There is always an element of repetition in a pattern, whether the same items repeat, or whether a “transformation,” (for example, adding 1, repeating a geometric transformation, or subtracting  2, then subtracting 2 more, then subtracting 2 more, etc..)  is what repeats.

In an outcome involving extending patterns or an outcome involving pattern rules, you could include an activity such as this:

Ask students to extend a pattern that begins with two numbers, like 5, 10,…, in at least four different ways. Ask: What makes these patterns? 

Once students have completed their patterns and described them, emphasize that a pattern must involve some repetition or regularity by asking: If we had started with three numbers, like 5, 10, 15…, would there be as many ways to continue the pattern? Explain your thinking.
Part C: Geometry

1. Considering the developmental research in relation to geometric thinking, is the current Nova Scotia curriculum consistent with this research? If not, please identify the necessary adjustments. Please consider what level of geometric thinking should students have by the end of grade 9, in 2-D, 3-D, transformation, and other geometries and how would that translate back through to grade primary?

Some background information to underpin the curriculum analysis following

To put the comments on geometry to follow in perspective, it might be useful for you to consider what our PRIME research found in terms of the correlation between Phase (from 1 to 4) and Grade level in Geometry.


The Nova Scotia curriculum differs from a great number of other Canadian curricula in this strand in that many topics are covered much earlier than in other regions. In a number of cases, the coverage is quite early relative to the PRIME research. 

Looking Grade by Grade

Primary:

There are nine outcomes in geometry at Primary. Of these, one lies completely in Phase 2, and is likely inappropriate for most Primary students.
Issues of Most Concern

There are individual suggestions in the elaboration or tasks that also seem to be beyond the scope of what most Canadian students at this grade can handle.

Issues to Consider


Grade 1:

The PRIME research shows that in Grade 1, there are many students in Phase 1 but also a number in Phase 2. It would make sense that the curriculum outcomes include outcomes from both phases. What I found is that this is the case in Grade 1, with most outcomes still at Phase 1, which is probably appropriate, but some in Phase 2 (involving angles, recognizing the 2-D components of 3-D shapes, and transformations).

Again, some specific suggestions in the elaborations or specific tasks seem to be beyond the abilities of many Grade 1 students. 

Issues to consider

Issues to consider [Continued]

It is interesting that Outcome E11 Cover figures and fill shapes with countable non-standard units appears in the geometry rather than the measurement strand.
Grade 2:

The PRIME research shows that in Grade 2 there are still a significant number of students in Phase 1 in geometry, with many students having moved to Phase 2. All but two of the Grade 2 Nova Scotia outcomes for geometry are at Phase 2, although several have Phase 3 or Phase 4 elements.

Although it may not be necessary to include Phase 1 outcomes for the Phase 1 students, Nova Scotia teachers would need support in including these Phase 1 students appropriately in instruction in this strand.

Issues of Most Concern


Other Issues to Consider

Grade 3

Surprisingly, most Grade 3 students are still at the Phase 1 and 2 level in geometry, not the Phase 3 level. This means that they are still looking at shape holistically rather than analytically. All but one outcome in Grade 3 geometry in the Nova Scotia curriculum are at the Phase 2 and Phase 3 levels. It may be overly optimistic to assume mastery of these phase 3 level outcomes for many Grade 3 students.

Issues of Most Concern

Issues of Most Concern


The one outcome at the Phase 1 level is Outcome E11 Recognize and identify different polygons, prisms, and pyramids in real world contexts. 

Other Issues to Consider

Grade 4

At the Grade 4 level, students are generally in Phase 2 and 3, yet about half of the Nova Scotia geometry outcomes expect Phase 4 behaviours. This may be setting up a number of students for unnecessary struggles.

Issues of Most Concern

Although I do not currently have separate data for the Atlantic students relative to students in other parts of the country, I can tell you that I personally marked the Atlantic papers and did not notice much difference between that data and the data from the rest of the country.

Other Issues to Consider


Grade 5

The PRIME research indicates that Grade 5 students are usually in Phases 3 and 4; a fairly large group is still in Phase 3. The Nova Scotia geometry outcomes are mostly at the Phase 4 level, with very few at the Phase 3 level. This may be ambitious.

Where Phase 3 students will struggle will be with:

· Outcome E1 Draw a variety of nets for various prisms and pyramids
· Outcome E2 Identify, describe, and represent the various cross-sections of cubes and rectangular prisms
· Outcome E3 Make and interpret isometric drawings of shapes made from cubes
· Outcome E6 Recognize, name, describe, and represent perpendicular lines/segments, bisectors of angles and segments, and perpendicular-bisectors of segments
· Outcome E8 Make generalizations about the diagonal properties of squares and rectangles and apply these properties
· Outcome E11 Make generalizations about the rotational symmetry property of squares and rectangles and apply them
· Outcome E12 Recognize, name, and represent figures that tessellate
· Outcome E13 explore how figures can be dissected and transformed into other figures (only because of the examples used).

Again, as was mentioned in the Grade 4 section above, this is not to say, that in the short run, some students cannot be successful on individual tasks, but it is to suggest that expecting any long term conceptual understanding around these outcomes may be unreasonable.
Grade 6

The PRIME research suggests that although there are Phase 4 students in Grade 6, there are still a lot of Phase 3 students at that level. All of the Nova Scotia geometry outcomes are at Phase 4, which may create struggles for the Phase 3 students.  

Grades 7 – 9

As was stated earlier, because the PRIME research did not focus on Grades 7 – 9 outcomes, the advice below is more professional advice based on trends we uncovered in the PRIME research than direct research data. 

Shape and Angle Properties

The development from angle measures and angle conditions for triangles in Grade 7 to angle properties in polygons in Grade 8 and to minimum and sufficient conditions for triangle congruence and a study of similarity properties in Grade 9 seems reasonable. 

The exploration of complementary and supplementary angles and angles formed when lines are cut by transversals in grade 7 appears earlier than in most curricula. However, nothing in the research would suggest this to be inappropriate.

Representations

How competent students would be at creating isometric sketches in Grade 7 is something I might question. Given that we found that their ability to work with these sketches came much later than the Nova Scotia curriculum suggests, there might be value in delaying this expectation. 

The introduction of mat plans in Grade 7 and their use in Grade 8 seems reasonable.

Transformations

The Grade 7 work on transformations appears to be developmentally appropriate. In fact, it was very hard to see what was new in Grade 7 in transformations that had not been previously explored. There was, of course, the creation of tessellations, which is interesting to students, as an application.

The introduction of dilatations in Grade 8 supports work with similarity. 

I might question the value or appropriateness of the suggested work in Grade 8 on 3-D transformations. Whether this is meaningful to students, especially when there was no prior development and it is not followed up later, is questionable. The suggested activities would be difficult because of their reliance on students’ abilities to effectively create isometric drawings.

The new work in Grade 9 on using mapping notation for transformations does not seem unreasonable.  
2. Comments

Some personal observations
• Grade 1, Task E 8.6 asks students to change a square into a rhombus. Clearly a square already is a rhombus, so perhaps this phrasing may lead teachers who are less knowledgeable about these relationships to inadvertently misuse some of the geometry vocabulary.

• It is surprising that there are two separate outcomes in Grade 2 related to sorting, building and patterning. I wonder how teachers try to make sense of this.

• I found the inclusion of Grade 2 Outcome E14 Make the connection between even/odd numbers and rectangles an unusual outcome to include in the geometry strand. Although there is clearly a loose link, it does not help teachers who are looking at the curriculum as a description of development in a strand since it is really a number concept we are looking at. 

• I would have included Grade 5 outcome E4 Explore relationships between area and perimeter of squares and rectangles in the measurement strand.

• You may be interested to know that work on orthographic drawings is typically in Grades 7 or 8 in other jurisdictions, as is work on planes of symmetry (if addressed at all). Work on dilatations is usually in Grades 8 or 9 (if at all).
• It is interesting that there is work with orthographic drawings in Grade 6, none in Grade 7 and then more in Grade 8. I am not quite sure why this was structured in this way.

• There is a bit of traditional construction work, but just in Grade 7. It is not totally clear where this leads, though, and one wonders why it is still included in curricula.

• Grade 9 Outcome E8 Investigate, determine, and apply the effects of transformations of geometric figures on congruence, similarity, and orientation is difficult to interpret. Reading through the elaboration, all that seems new is the work on dilatations, so I am wondering why the outcome refers to the other transformations. If it is simply an arena for applying other outcomes, perhaps those tasks would be better positioned with those other outcomes.

• There is one outcome mentioned in Grade 9 Outcome E3 Make informal deductions, using congruent triangle and angle properties, which may be developmentally appropriate, but reading through the outcome, I would have a hard time, as a teacher, understanding what is here that is not part of the other outcomes that I have been working with. I think it is important for teachers to integrate ideas, but it is equally important that what they need to cover be clear in the curriculum.
Big Picture
The question was asked about how we decide what geometry students should know at the end of Grade 9 and how that should translate back to various grade levels in the curriculum. I have not undertaken, in this report, to take the curriculum in any particular strand, including geometry, and map out what specific topics go in what specific grades.

In large part, those are based on beliefs of the educators in your province. Take, for example, a topic like non-Euclidean geometry. There would be mathematical purists who would argue that it is essential that students understand the limitations of our Euclidean geometry system or that students understand spherical geometry to understand concepts related to Earth. They would argue that because this is critical, it needs to be in the curriculum somewhere, and might work back from there. Others would argue that it is interesting, but not essential and would come to very different conclusions about how the curriculum should move forward.

What I have tried to do, instead, is to suggest where, in the Nova Scotia curriculum, the idea of working back from topics like the use of isometric sketches or orthographic drawings or generalizations about shape properties has led to what our research suggests might be unattainable outcomes for too many students at a particular level. 

Take, for example, the topic of transformations. The authors of the current curriculum decided that mapping notation was important to introduce in Grade 9. To accomplish this, many topics in transformations seemed to come early. This was a decision that was a choice. I am not sure that it is critical that students become familiar with mapping notation in Grade 9; it is not wrong, it is just not critical. If it was decided that this was not critical, this could result in moving back some of the work with transformations in other grades, for example formal work with rotations. Similarly, there was a decision, for whatever reason, not to formalize the notion that reflections are the most basic transformation since every other transformation can be accomplished using reflections. If a different decision were made here and this became a Grade 9 topic, then there might be different actions taken in Grade 8, Grade 7, etc.

In terms of properties of shapes, I agree that we want students to reach generalizations about many classes of shapes by the end of Grade 9. The question is when to start that generalizing process. My concern, as outlined in more detail above, is that there is an expectation that students will think abstractly, which is what generalization requires, earlier than is reasonable for many of them. 

One consideration that came out of the PRIME research that seemed to be missing in the curriculum discussion is the distinction between using global properties and analytical properties of shapes to determine properties of shapes. For example, it would make sense to show a development where students in younger years fold to determine or create symmetry but students in older grades measure to determine or create symmetry. The same might be said of congruence, where younger students overlap, but older students measure. Similar comments could be made about parallelism and perpendicularity. This sort of development might be good to articulate in the curriculum.

Highlights of recommended changes to current Atlantic Curriculum

General Issues

In many grade levels, as identified above, a significant proportion of the outcomes suit some students at the Grade level, but do not suit a great many others. When we know, for example, that there are many Phase 3 students in a grade level, we have to think about whether we expect mastery for most students of Phase 4 outcomes.

Specific outcomes of concern are highlighted here.

Identifying, describing, and exploring properties of shapes

• There are a number of instances in Grades 1, 2, and 3 where students are expected to analyze shapes rather than see them more globally. Their success in this is not likely since most of these students are in Phase 1 and 2, where students focus on global appearance. The specific examples are mentioned above in the grade by grade analysis

• Expecting Grade 2 students to talk about parallelism seems ambitious. We did not find students really dealing effectively with parallelism until Phase 4. Again, students will be able to “globally” distinguish shapes with parallel sides from those that do not have those sides, but will not be able to meaningfully address the implications of parallelism.

• A number of outcomes in Grades 4 and 5 require students to make generalizations about classes of shapes. Specific examples are addressed in the grade by grade analysis above. It is really not until Phase 4 that students are likely to recognize that specific situations can be generalized in the ways proposed and students are not at that phase, by and large, at those grade levels.

Representations

• There is a thread of work on isometric drawings that begins in Grade 2 and continues through the grades. Based on our PRIME research, we feel that most of this work comes too early, sometimes way too early. We found that it was not until students were in Phase 4 that they consistently and meaningfully interpreted and created isometric sketches.

• There is also a thread of work on the use of nets, again beginning in Grade 2 that, based on our PRIME research, comes too early. Specifically, we found that the expectations that Grade 2 and 3 students assemble any but simple nets and that Grades 2, 4 and 5 students create nets may not be realistic ones.

• I would question the Grade 3 expectation for creation of skeletons for the breadth of shapes suggested and the Grade 5 expectations related to identification of cross-sections as well.

Transformations

• It is not reasonable to expect Primary students to perform transformations of shapes in any but the most informal ways.

• It is expecting a lot for Grade 1 students to recognize when the image resulting from a transformation can be arrived at in more than one way.

• The work on rotations in Grades 3 and 4 may be premature.

• The expectation that students can recognize and describe perpendicular relationships and bisection in Grade 5 may be overly optimistic.

• Work with any but very simple tessellations is Grade 5 may be overly optimistic.

• The value of the work in Grade 8 on 3-D transformations needs some rethinking.

Organizing around Key Ideas

The key ideas in geometry that form the basis of the PRIME developmental map in that strand are listed below. 

Key Concepts for Geometry
■ Shapes of different dimensions and their properties can be described mathematically. 

■ There are many representations of 2-d and 3-d shapes.

■ Any 2-D or 3-D shape can be created by either combining or dissecting other shapes.

■ 2-D and 3-D shapes can be located in space. They can be reoriented using mathematical procedures.

Again, you could break out the key ideas into sub-key concepts for chunks of work.  For example, within key concept 3 for geometry above, one might consider the sub-key concept:

How a shape can be “cut up” and rearranged into other shapes helps us understand and make use of properties of the original and final shapes.
In an outcome involving the exploration of quadrilaterals, you could include an activity such as this:

Ask students:

How can you combine two isosceles triangles to create a square?
Then ask:

· What had to be true about the two triangles? How did you know?

· What would you have done differently if the triangles were were used to form a rhombus that was not square?
· Could you have created the square if the triangles had not been isosceles? Explain why or why not.
Part D: Measurement

1. Considering the developmental research in relation to the measurement skills and concepts, is the current Nova Scotia curriculum consistent with this development? If not, please identify the necessary adjustments. Please consider the treatment of these skills and concepts; should they be embedded within the appropriate number of geometry concept or should they receive explicit treatment of their own?

Some background information to underpin the curriculum analysis following

To put the comments on measurement to follow in perspective, it might be useful for you to consider what our PRIME research found in terms of the correlation between Phase (from 1 to 4) and Grade level in Measurement.


Unlike the situation with other strands, for the most part, students did not seem to progress to another level of sophistication in measurement until Grade 3.  Perhaps this is because teachers teach each measurement topic, whether length, area, capacity, etc. as a brand new idea and so there is no progression in sophistication.

Looking Grade by Grade

Primary:

There are only three outcomes in Primary related to measurement. All of these describe Phase 1 behaviours on the measurement map and, from that perspective, all are appropriate.

Grade 1:

There are four designated measurement outcomes in Grade 1. In addition to this, there is one outcome in the geometry strand Outcome E11 Cover figures and fill shapes with countable non-standard units and one outcome in the pattern strand Outcome C3 Sequence Events. All five outcomes are appropriate for Phase 1 students, as would be typically found in Grade 1.
Grade 2:

The PRIME research shows that most Grade 2 students are still in Phase 1. Of the 14 measurement outcomes in the Nova Scotia curriculum, only three are at the Phase 1 level, one is at the Phase 3 level and the rest are at the Phase 2 level. The Phase 3 outcome will be problematic for virtually all Grade 2 students; the phase 2 outcomes will be difficult for many students. Perhaps it is exposure, more than mastery,  that might be expected for some of these outcomes.

Issues of Most Concern

The outcomes which are at a Phase 2 level are:

· Outcome D2, Demonstrate a sense of how long 1 cm and 1 m are
· elements of Outcome D3, Estimate and measure length I non-standard and standard units
· Outcome D4, Recognize and explain why standard units are used
· Outcome D5, Demonstrate a sense of how much 1L is
· elements of Outcome D6, Estimate and measure capacity in non-standard and standard units
· Outcome D7, Demonstrate  a sense of how much 1 kg is
· elements of Outcome D8, Estimate and measure mass using non-standard and standard units
· Outcome D11, Explore properties of the calendar (in terms of suggested activites)

· elements of Outcome D12 Choose appropriate units with which to estimate and measure, and perform the measurements and 

· Outcome D14 Demonstrate an understanding that 100 cm make up 1m.
The outcomes above that involve using standard units require a bit more discussion. Although our research showed us that students are not fluent at using standard units until Phase 2, we know that students can use rulers and standard units to measure before they understand what standard units are all about; they simply do not use them in any more abstract way than they use non-standard units, say, paper clips. So, for example Outcome D2 and Outcome D3 may be less problematic than Outcome D4 or Outcome D12. 

The same is true about the use of litres in Outcome D5 and Outcome D6 and kilograms in Outcome D7 and Outcome D8. Students even in Phase 1 may learn the rule in Outcome D14 relating centimetres and metres, but may simply not be able to apply that rule in abstract ways.
The formal use of calendars in Outcome D11 Explore properties of the calendar is probably a reasonable outcome to explore, although thinking in an abstract way about calendars is a Phase 2 behaviour. 

Grade 3

There are eight measurement outcomes in Grade 3, about equally divided between Phase 2 and Phase 3 behaviours. Given that most Grade 3 students are still in Phase 1, the Phase 3 expectations may be particularly problematic. The Phase 2 expectations may cause fewer problems, but will still be difficult for some Phase 1 students to achieve.

Issues of Most Concern

A number of the tasks suggested for Outcome D8 Continue to solve a variety of measurement problems build on the outcomes listed above and may be difficult for some students.
As was mentioned in the section above on grade 2, students may be able to, for Outcome D6, use appropriate units, but it is the abstraction of thinking about how to decide which unit is most appropriate that will be problematic for many of these young students. 

Many of the outcomes that describe Phase 2 behaviours do so because of their focus on standard units. The students can handle these activities thinking of these units in the same way they do non-standard units; they simply don’t see the difference between the two. 

One task that seemed to be very abstract for Grade 3 is task D 8.2, essentially involving scale drawing ideas and fairly sophisticated proportional reasoning.

Grade 4

At the Grade 4 level, students are generally in Phase 2 and 3, yet all of the Nova Scotia measurement outcomes expect Phase 3 behaviours. This may be a challenge for the Phase 2 students if mastery is expected. 

Issues of Most Concern


I would expect that aspects of Outcome D1 and Outcome D9 Estimate and measure area in square centimetres that have students explore areas of more irregular shapes might also be difficult for a significant number of students.

Grade 5

The PRIME research indicates that most Grade 5 students are in Phase 2 and Phase 3. This means that enough students are still in Phase 2 that the fact that the outcomes are primarily at Phase 3 and some at Phase 4 may be a challenge.

Issues of Most Concern

There are two pattern and relation outcomes that relate to measurement, Outcome C7 Manipulate the dimensions of a rectangle so that the area remains the same and Outcome C9 Represent measurement relationships using tables and two-dimensional graphs that may also cause difficulty for a large group of students, given the level of abstraction expected.
Other Issues to Consider

Grade 6

The PRIME research shows that most students in Grade 6 are in Phases 3 or 4. The Nova Scotia Grade 6 measurement outcomes are aimed at Phase 3 and 4 behaviours, with a somewhat higher percentage, perhaps 60%, at Phase 4.

These particular outcomes suit many students but will be problematic for a significant number of students still operating at the Phase 3 level.

The outcomes that focus on Phase 4 behaviours are 

· Outcome D1 Use the relationships among particular SI units to compare objects, 

· Outcome D6 Continue to solve measurement problems involving length, capacity, area, volume, mass and time, 

· Outcome D7 Demonstrate an understanding of the relationships among the base, height, and area of a parallelogram, 

· Outcome D8 Demonstrate an understanding of the relationship between the area of a triangle and the area of a related parallelogram, and Outcome D9  Demonstrate understanding of the relationships between the three dimensions of a rectangular prism and its volume and its surface area 
There are several outcomes from the pattern and relation strand that relate to measurement, too, most particularly Outcome C3 Recognize and explain how change in base or height will affect areas of rectangles, parallelograms or triangles and Outcome C4 Recognize and explain how an increase in height, width, or length of a rectangular prism changes its volume that will be difficult for lower phase students in Grade 6.

The tasks that involve conversions using decimals may be particularly problematic for Grade 6 students who are struggling with interpreting thousandths (for example, task D2.1).

The tasks that involve generalizations may also be problematic. Examples of these are Task D 7.2, Task D8.4, and Task D9.3.

Grades 7 – 9

As was stated earlier, because the PRIME research did not focus on Grade 7 – 9 outcomes, the advice below is more professional advice based on trends we uncovered in the PRIME research than direct research data. 

Measurement Conversions

The expectation that Grade 7 students will be comfortable dealing with measurement conversions that require the use of decimals, particularly area and volume conversions, may be optimistic. The fact that these conversions are used in context in Grades 8 and 9 makes sense.  

Length, Area and Volume 

• The development of measurement formulas for circles seems reasonable, with length in one year and area in another. There is probably no reason they could not be developed simultaneously if that were the wish. 

• The development of surface area and volume formulas also seems reasonable.

• The development of the Pythagorean theorem seems to be in line with the number skills required at the Grade 8 level. 

• The level of algebraic skill expected in dealing with the formula for the surface area of a sphere in Grade 9 Outcome D4 Measure, estimate, and calculate dimensions, volumes, and surface areas of pyramids, cones, and spheres  in problem situations, may be problematic for a number of Grade 9 students. 

• In a number of instances, it is not clear how the expectations for an outcome at a particular grade differ from those in earlier grades. For example, Outcome D6 Calculate the areas of composite figures includes problems that are very much like those proposed for earlier grades. Similarly, the detail for Outcome D5 Describe patterns and generalize the relationships between areas and perimeters of quadrilaterals, and areas and circumferences of circles includes a number of suggestions for tasks that were considered in earlier grades.
2. Comments

Some personal observations
• It is interesting, and perhaps a bit confusing, why sequencing events is called a measurement outcome in Primary but a pattern outcome in Grade 1. The elaboration and the tasks do not completely clarify the differences in intent in these two outcomes. 

• There is some inconsistency in that in Grade 1, even though an outcome about filling shapes with other shapes appears in the geometry strand, a very similar task is included in D3.5 in the measurement part of the curriculum. 

• There is really no alert for teachers to observe how students iterate units, particularly area units. There are a lot of issues involved in deciding how to place units to measure area and students differ greatly in their ability to do this.

• Grade 4 Task D3.4 might be difficult for students, given the abstract way in which it is framed.

• It is unclear why in some grades there are separate outcomes about solving measurement problems, but not in other grades, where problem solving is clearly integrated into the elaboration and tasks describing other outcomes.

• It is unclear why there is such a big gap in consideration of the measurement of time. There are outcomes in Grade 3 and earlier and then nothing again until Grade 7. It would be hard to rationalize why, all of a sudden, time is being emphasized again. Looking at the tasks proposed for Grade 7 Outcome D2 Apply concepts and skills related to time in problem situations, it would appear that there is no need for the outcome. The tasks would be good examples for other outcomes instead. I suggest this since a teacher would not get a good feel for what constitutes an appropriate activity for this grade by reading the outcome or even reading the elaborations and tasks.

• Rate is called a measurement in the elaboration of Grade 7 Outcome D3 Develop and use rate as a tool for solving indirect measurement problems in a variety of contexts.  I really wonder if this is a correct statement. Is not a rate a comparison of two measurements? Most of the suggested activities feel like they would better fit as activities to build number concepts. 

• It is sometimes difficult to get a sense of the range of behaviours that is desired for a particular outcome, even after reading the elaboration and tasks. For example, Grade 8 Outcome D2 includes tasks which might have been handled at much earlier grades, for example listing objects with a volume of 1 cm3 as well as much more complex tasks like D 2.4 or D 2.4.

• It is not clear why sometimes there are separate outcomes for estimating and calculating measurements, for example Grade 8 Outcome D3 Estimate areas of circles and Outcome D4 Develop and use the formula for the area of a circle, but  in other situations these are integrated, for example Grade 8 Outcome D7 Estimate and calculate volumes and surface areas of right prisms and cylinders.

• Teachers may have difficulty creating assessment tools based on the curriculum when some outcomes, for example Grade 9 Outcome D2 Solve measurement problems involving conversion among SI units, are meant to be integrated into other outcomes, while most of the outcomes are not of that type. 
• Grade 8 Outcome D1 Solve indirect measurement problems using proportions, seems to primarily be an application of outcomes related to measurement conversions, covered in Grade 8 Outcome D2 Solve measurement problems, using appropriate SI units. It is not clear why Outcome D1 is needed.

Other Issues
• A number of the outcomes in Grades 7, 8 and 9 feel like they don’t belong in this strand, primarily because the underlying concepts being emphasized are not measurement ideas. These include:

· Grade 7 Outcome D3 Develop and use rate as a tool for solving indirect measurement problems in a variety of contexts, which seems to belong in the number strand, 

· Grade 7 Outcome D4 Construct and analyse graphs of rates to show how change in one quantity affects a related quantity, which feels like it belongs in the algebra strand, 

· Grade 9 Outcome D1 Solve indirect measurement problems by connecting rates and slopes, which feels like it belongs in the algebra strand, and

·  Grade 9 Outcome D5 Demonstrate an understanding of and apply proportions within similar triangles which might fit better in the geometry strand, although a case could be made for either.
• A question was raised as to whether measurement outcomes should be integrated into number and geometry outcomes (and I might argue algebra outcomes as well based on the current curriculum) rather than standing alone. It is my personal belief that there is value in considering measurement as a topic, given that the key ideas involved in measurement are different from the key ideas involved in geometry or number. Clearly, however, there are overlaps which should become clear in the elaboration of outcomes in all three strands.

Highlights of recommended changes to current Atlantic Curriculum

Use of standard measures and tools

• Standard measures are introduced as early as Grade 2. While this is reasonable, the expectation that Grade 2 students can generalize abstractly to understand why we use standard units is not really reasonable for students at this stage of development. 
• Our research indicates that there are many Grade 3 students who could not be expected to read analog clocks to the nearest five minutes.

Generalizations and development of formulas

In Grades 4 – 6, there are a number of outcomes, listed above, which require students to come to generalizations, for example in Grade 4 about area and perimeter relationships, in Grade 5 through the use of relationship graphs, and in Grade 6 about how areas and volumes of shapes are affected by changes in dimensions. Although students might meaningfully participate in the specific activities proposed, that most of them can come to abstract generalizations at this level is unlikely.

Measurement Conversions

Our research showed that students can convert from large units to smaller ones (e.g. 4 m to 400 cm) much earlier than from small ones to large ones (e.g. 300 mm to 0.3m); this is particularly the case where decimals are involved and even more so when more than two decimal places are involved. 

Outcome overlap/ clarity

• It is not always clear how the expectations for an outcome at a particular grade differ from those in earlier grades. It is important to clarify these distinctions for teachers who are seeking to better understand the range of desired behaviours for their students.

• Sometimes, even after reading all the material on an outcome, it is still unclear what the intended behaviours are. An example given above was Grade 8 Outcome D2, but several other outcomes were also referred to. 

• How estimating and measuring are to be integrated remains unclear. It was stated that estimation is critical to measuring, as one might expect. However sometimes estimating and measuring are separated as different outcomes and other times they are integrated into one outcome. A teacher might wonder whether there is some message in this that they are missing.

• A number of the outcomes in Grades 7, 8 and 9 might be better situated in other strands given that the key ideas underlying them are key ideas in those other strands. Some examples are examination of rates in Grade 7 and graphs in a number of grades.

• The larger question was raised as to whether measurement outcomes should be integrated into number and geometry outcomes rather than standing alone. I would suggest that there be a stand-alone measurement strand, but that connections between strands be made within elaborations and tasks.  My reason is that the big ideas of measurement are distinct. For example,

· We want students to understand how measurements are quantitative descriptions of objects, no matter what is being measured.

· We want them to realize how measuring with units of different types, and how measuring attributes of different sorts are similar.

· We want them to understand why we use standard units, no matter what attribute is being measured.

· We want them to understand how unit size affects measurement, no matter what attribute is being measured.

That said, we want students to see that when they use measurement formulas, they are using algebra; we want them to see that when they use units to measure, it is like using units to count (e.g. nickels to count quarters); and we want them to see that using standard units is like using standard numerals. These connections can be brought out in both the number strand and the measurement strand elaborations. 

The connections between measurement and geometry are very strong, for example in the definition of concepts like regularity, similarity, congruence, and symmetry, yet I still think that there are sufficient differences in the “big ideas” in each strand that separate strands are warranted.

Organizing around Key Ideas

The key ideas in measurement that form the basis of the PRIME developmental map in that strand are listed below. 

Key Concepts for Measurement
■ Some attributes of objects can be described using measurements. 

■ The numerical value attached to a measurement is relative to the measurement unit.

■ Standard units, estimates, and measurement formulas are used to simplify communication about and calculation of measurements.

■ Tools, units of measure, and degree of precision must be appropriate to the purpose and context.

Again, you could break out the key ideas into sub-key concepts for chunks of work.  For example, within key concept 4 for measurement above, one might consider the sub-key concept:

Units of different sizes and tools of different types allow us to measure with different levels of precision, as required.

In an outcome involving unit conversion, you could include a suggestion such as:

Tell students that one desk is reported to be 119 cm wide and another one is 1.2 m wide. Ask: Can you be sure which desk is wider? Explain.

Part E: Probability and Data Management

1. Considering the developmental research in relation to probability and data management, is the current Nova Scotia curriculum consistent with this development? If not, please identify the necessary adjustments. Please consider the level of sophistication of data management and probability concepts needed to be mathematically literate in today’s society and how and when should this be integrated into the curriculum?

Some background information to underpin the curriculum analysis following

To put the comments on data management and probability to follow in perspective, it might be useful for you to consider what our PRIME research found in terms of the correlation between Phase (from 1 to 4) and Grade level in Data Management.


When it came to probability, the correlation between Phase (from 1 to 3) and Grade level is:


Overall, one might conclude that beginning in Grade 2, the pace in these strands in the current Nova Scotia curriculum is a bit quicker than might be desirable.

Looking Grade by Grade

Primary:

All of the data management outcomes in Primary are Phase 1 behaviours, as would be expected. There were no probability outcomes proposed for this level.

Grade 1:

The PRIME research suggests that students are in Phase 1 in both Data and Probability in Grade 1. Although the single probability outcome is a Phase 1 outcome, only one of the four data outcomes is at Phase 1. Perhaps more is being expected than is reasonable for these students.

In particular, students are being asked to:

· Outcome F1 Collect and organize data

· Outcome F3 Interpret and create pictographs and symbolic graphs, and
· Outcome F4 Pose oral questions in relation to conducting surveys and/or interpreting data.

It is not the outcomes themselves that are Phase 2 outcomes, but the suggested tasks. For example, Phase 1 students are comfortable conducting yes/no survey questions, but not questions with a broader range of responses as is suggested in Outcome F1. Similarly, they can respond with factual information about collected data, but are less likely to be able to infer or to pose questions about the data with which they are provided.

There is a lot of mention of bar graphs in the elaboration and tasks for these data outcomes at Grade 1 even though the topic of bar graphs does not appear until Grade 2.

One specific example I might note is task F3.4 where students are asked to recognize that a bar graph, which is a Phase 2 concept in any case, is incorrect since the bars are made up of units of different sizes; this is definitely a behaviour in a higher phase.

In other words, a fix to make these developmentally appropriate would involved changing the elaboration and the tasks, not the outcomes.

Grade 2:

Many Grade 2 students are still in Phase 1 for data, with some in Phase 2, and virtually all are still in Phase 1 for probability. 

The Nova Scotia outcomes for data span Phases 2 and 3. The Phase 3 outcome will be problematic for almost all students; the Phase 2 outcomes may be difficult for the Phase 1 students.

Issues of Most Concern

There are two probability outcomes in Grade 2. Although the students are in Phase 1, one of the outcomes demands Phase 3 behaviour.  

Issues of Most Concern 


Grade 3:

Students in Grade 3 are generally in Phase 1 & 2 for data and Phase 1 for probability. The Nova Scotia data outcomes are Phase 3 behaviours, with some Phase 4 aspects, and the probability outcome is a Phase 2 outcome. In other words, expectations are pretty high at this grade level.

Issues to Consider

In terms of probability, very few students will be able to handle some of the implicit theoretical thinking that is required in tasks such as G1.4 or G1.6. 

Grade 4:

Students in Grade 4 are generally in Phase 2 for both data and probability.

The Nova Scotia outcomes in data are generally in Phases 3 and 4 and the probability outcomes are in both Phases 2 and 3. Again, it might be said that the expectations are too high.

Issues of Most Concern 

Outcome F5 Construct bar graphs, pictograph and stem-and-leaf plots is achievable by Phase 3 students. Likely there will be some Phase 2 students who can actually perform these tasks. However, tasks such as F5.2 or F5.3, where they must choose scales will be a challenge.

There are some difficult outcomes related to probability as well.

Issues of Most Concern 

Grade 5:

Grade 5 students are normally in Phases 2 and 3 on the data map and Phase 2 on the probability map.

The seven Nova Scotia Grade 5 data outcomes are divided between Phase 3 and Phase 4, but mostly at Phase 4.  The probability outcomes are both in Phase 3.  This means that most students will struggle with the probability concepts and that many students will also struggle with many of the data concepts.

Issues of Most Concern 

Other Issues to Consider
Grade 6:

Grade 6 students are normally in Phases 3 and 4 on the data map and Phases 2 and 3 on the probability map.

All data and probability outcomes in the Nova Scotia curriculum are in the higher of the two phases in each case. This means that students in the lower phase may have a difficult time achieving the required outcomes.

The expectation that all Grade 6 students are ready to handle these particular tasks is optimistic.

· sample analysis and evaluation of data sources, 

· choosing scales for bar graphs and pictograph, 

· working with percentages to create circle graphs, 

· interpreting relationships in scatterplots, 

· making sophisticated inferences from data displays, and 

· analyzing hypothetical situations involving mean, median, and mode comparisons 

All of the probability outcomes involve use of fractions, consideration of what random actually means, and theoretical probabilities. All of these concepts would be difficult for students still operating at the Phase 2 level on the probability map.

Grades 7 – 9:
As was stated earlier, because the PRIME research did not focus on Grade 7 – 9 outcomes, the advice below is more professional advice based on trends we uncovered in the PRIME research than direct research data. 

Data Sampling

The suggestions in Grade 7 Outcome F1Communicate through example the distinction between biased and unbiased sampling, and first- and second-hand data and Outcome F3 Select, defend, and use appropriate data collection methods and evaluate issues to be considered when collecting data that students explore these concepts is a reasonable one. What may not be as feasible is that students explore these concepts with the subtlety that is suggested in some of the tasks, for example F1.2, F3.1, F3.3, and F3.4.
Constructing and Interpreting Graphs

The introduction of histograms and scatterplots in Grade 7, box plots in Grade 8 and curves of best fit in Grade 9 is, perhaps, ambitious, given the length of time it takes students to reach Phase 4 on the data map.

Data Descriptions

The curriculum has students work in Grades 7 and 8 on how measures of tendency are affected by fluctuations. It is not really clear how these two examinations of the topic differ.

Theoretical vs Experimental Probability

The development from simple theoretical probability to the probability of compound events, complementary events and then dependent events is fairly clear. 

Less clear is the how the comparison of experimental and theoretical probabilities develops; each grade refers to this, but it is not clear how the idea differs from grade to grade.

Deciding to wait to Grade 9 to discuss how real-life probabilities are combinations of theoretical, experimental and subjective elements is probably a good idea. I am wondering, though, if there should not be more attention to where we see probabilities implicitly in society.
Simulations

The development of the mathematics of simulations from Grades 7 to 9 is not totally clear.  For example, in task G2.1 in Grade 7, students are designing simulations; then in task G1.1 in Grade 9, students are also designing a simulation. How will teachers see these tasks as different?
2. Comments

Personal Observations

• Grade 7 Outcome F9 Draw inferences and make predictions based on the variability of data sets, using range and the examination of outliers, gaps, and clusters does not make it very clear to the inexperienced teacher how range, and particularly how gaps and clusters matter in the examination of a data set.

• In Grades 7 to 9, there are outcomes at each level about making inferences from data displays. It is not clear how these outcomes differ from one another. Perhaps it is just there are new displays familiar to students that can be analyzed but the outcome statements do not make this clear.  Similarly, in each level there is the suggestion that a project be undertaken, a very reasonable idea; what is not clear is how the levels of sophistication would vary from year to year. Teachers need that support from the curriculum to understand the intent of the outcomes they are addressing.

• I am wondering whether the Grade 7 – 9 outcomes related to scatterplots, the Grade 8 and Grade 9 outcomes related to extrapolation and interpolation and lines of best fit, and the Grade 9 outcomes related to curves of best fit might not better suit the algebra map. If one analyzes the kind of thinking involved, it is algebraic thinking about relationships.

• I would have a hard time justifying the importance of benchmarks of ¼ and ¾ to which to relate probabilities as is suggested in Grade 7 Outcome G1 Identify situations for which the probability would be near 0, ¼, ½, ¾ and 1.
• A few things seemed to be missing from the curriculum development, based on what we saw in our research. These include:

· an alert to teachers about how students move from reading information from data displays to inferring or interpreting data displays and how that needs to be carefully developed

· the difficulties students encounter in creating pictographs when partial symbols are required,

· the difficulties students encounter, when collecting data, in creating recording charts that focus on the data being collected rather than from whom it is collected

· the influence of students’ personal life experiences on them being able to create or make sense of data displays about particular topics

· the relationship between sorting and graphing, i.e. graphing is dependent on the ability to sort

· the critical importance that objects not be cross-classifiable when data is being sorted to create bar graphs, pictographs, circle graphs, or histograms, and

· the potential interference of pattern concepts in the study of probability.

Highlights of recommended changes to current Atlantic Curriculum

Data Outcomes

Drawing Conclusions from Data

The curriculum would be more developmentally appropriate  if 

• students in Grade 1 were asked to read, rather than interpret, data displays,

• students in Grade 2 were not expected to analyze their data collection procedures

• students in Grade 3, 4, and 6 were not expected to consider issues like sampling bias or source bias

• students in Grade 4 were not expected to interpolate

Data Displays
• Students in Grade 3 are generally not ready to create bar graphs with scales and in Grades 3 – 5 and even many in Grade 6 are unlikely to be able to make good decisions about what scale to choose, as is suggested in various outcomes. Similarly, expecting Grade 5 students to be able to choose data groupings to create intervals may be too difficult for many of them.

• The introduction of lines and curves of best fit as early as they are is fairly ambitious, given the length of time it takes students to work well with simpler graphs with scales.

Statistics

• The introduction of maxima, minima, frequency and range in Grade 4 does not appear to go anywhere. The placement of these topics might be reconsidered.

• The work on mean in Grades 5 and 6 appears to be advanced for where students are developmentally in this strand.

Probability Outcomes

 • The introduction of the use of fractions to describe probability and the introduction of theoretical probability comes too early in the Nova Scotia curriculum, based on our PRIME research.

• The suggestion that Grade 2 students consider randomness is extremely premature.

• The distinction between grade levels in terms of how the relationship between theoretical and experimental probability is to be considered needs better definition. Similarly, the distinction between what is to be done with simulations from grade level to grade level needs better definition.

• There might be attention, for example in Grade 9, to the introduction of outcomes that help students see where probabilities are used in society. 

It was requested that consideration be given to the level of sophistication in data management and probability concepts needed in today’s society. I believe that this is an important consideration for the curriculum; unfortunately, reflection on that issue does not answer the question as to where topics are best placed.

There is no doubt, for example, that we are bombarded with data, but most of the time the data are simple bar graphs, histograms, line graphs or circle graphs. So how does that help us understand where or why to teach stem-and-leaf plots or box plots?

Similarly we frequently have to come to terms with issues surrounding data sampling. The fact is that most well educated adults do not understand many of these concepts. Can we realistically ask Grade 6 and 7 students to deal with the complexity of these ideas other than in the most simple situations? 

I think that we must consider the possibility that a number of issues around sampling and probability of complex events may be too mathematically challenging for any significant exploration at the K–9 level.

Organizing around Key Ideas

The key ideas in data and probability that form the basis of the PRIME developmental maps in that strand are listed below. 

Key Concepts for Data
■ To collect data, you must create appropriate questions and think about how best to collect the data. 

■ A set of data can be collected, organized, and then displayed in a variety of ways, depending on the type of data and the purpose for its collection.

■ Once a set of data is displayed, it can be analyzed to look for patterns, make comparisons, draw inferences, predict, and make decisions.

Key Concepts for Probability
■ Probability involves the use of mathematics to describe the level of certainty that an event will occur.

■ Probabilities, both theoretical and experimental, can be determined in different ways.

Again, you could break out the key ideas into sub-key concepts for chunks of work.  For example, within key concept 3 for data above, one might consider the sub-key concept:

Sometimes a large set of data can be usefully described using a summary statistic, usually a single meaningful number that describes the entire set or a combination of different statistics. 

In an outcome involving the range, you could include a question such as:

Why does the mean of a set of numbers usually give you a better sense of the numbers than its range? 
Closing Statements

The opportunity to prepare this report has been personally rewarding. It has given me the chance to focus, with detail, on the implications of some of the work I have done.

The Atlantic provinces have suffered from the stigma of low scores on national and international tests relative to other regions of the country. Perhaps part of the problem is that our curriculum was too ambitious for our students and an adjustment in that could make a positive difference. 

I hope that what you take away from this report is not the impression that I think we should lower our expectations of students. If anything, I think we need to raise those expectations. But unless we are working in an appropriate zone of proximal development, it is not fair or possible for students to meet those expectations.
My mandate was to look at the Nova Scotia curriculum in light of the PRIME research. I believe that the data from that research is an excellent starting point from which to make decisions about curriculum change because of its thoughtful design and because of its grounding in our Canadian context.

In closing, I would like to bring your attention back to the four issues I raised at the start of the report. Not only is it important to decide where particular content is dealt with, an issue dealt with extensively in this report, but it is also important to consider the issues of:

· whether curriculum should be grade specific

· how concepts which take a number of years to develop are broken out into subsections

· whether and how big ideas are used to frame the curriculum outcomes, and

· whether and how the mathematical processes are used to frame the curriculum outcomes.
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Outcome A5 Count in a variety of ways�
The elaboration for this outcome mentions counting backwards and counting on as if they were expected; our research shows that these are Phase 2 concepts, and it may be premature to expect these behaviours in Primary.�
�
Outcome A6 Interpret ordinal numbers�
The elaboration mentions that students realize that there is an ordinal for each cardinal and vice versa; in fact, we found that relationship still implicit and certainly not explicit in Phase 1. Again, the outcome is not problematic, but the elaboration may lead teachers to expect more than is reasonable.





There is also a suggestion that students recognize that the ordinal attached to an object depends on point of view (i.e., which item is designated as first). We found that this was a Phase 2 behaviour and perhaps too much to expect in Primary�
�
Outcome A7 Recognize the meaning of one half in context�
The elaboration suggests the use of the concept of half in both part of a region and part of a set situations. It is probably not a good idea to use the same term in so many different situations this early in the student’s learning about fractions. 





The PRIME research shows that the part of set meaning is not really meaningful to students until Phase 3, and so might be better introduced later.





That does not at all preclude the use of situations where students share, but the use of ½ notation might be better to downplay. This is much like downplaying the term multiplication even though we ask students in Primary and Grade 1 to count the total of two equal sets.�
�






Outcome A3 Count in a variety of ways�
The elaboration for this outcome includes counting by 5s and 2s from numbers other than 5 and 2; these are Phase 3 behaviours.





Another issue related to this outcome is that both the Primary and Grade 1 discussions of this outcome include counting backwards and counting on. It is not clear what differences in behaviour are expected at these two levels.  �
�
Outcome A8 Demonstrate an understanding of simple fractional parts�
The part of group meaning for fractions is proposed in the elaboration for this outcome. As mentioned earlier, this is actually a Phase 3 concept. I also noticed some pretty tough denominators for Grade 1.�
�
Outcome A11 Model numbers grouped in tens and ones and 


Outcome A12 Compare 2-digit numbers�
Students are expected to have a deeper understanding of the place value system than might be reasonable for Grade 1. These are the kinds of outcomes I see value in providing exposure to, but not necessarily requiring mastery of.�
�






Outcome A2 Count in a variety of ways�
The elaboration and worthwhile task fo this outcome involve skip counting backwards from various starting points. This would not be Phase 2 behaviour.  I also noticed students are expected to count coin combinations including quarters; we found this to be Phase 3 behaviour.�
�
Outcome A3 Estimate the size of numbers to the nearest multiple of ten�
The elaboration discusses the use of benchmarks of 25.  Again, we found this to be a Phase 3 behaviour. In particular, I notice that task A3.10 goes beyond 100 (as does A3.2).�
�
Outcome A4 Identify simple fractions using models�
The elaboration and tasks suggest fraction creation and not just identification. Our research shows that fraction creation is a Phase 3 behaviour. It is odd, in any case, that the outcome language does not indicate that fraction creation is expected, but the elaboration does.�
�
Outcome A9 Recognize, extend and create simple place-value patterns�
I would recommend not involving three digit numbers and would make a strong suggestion in the elaboration and in the tasks to use concrete material support for this otherwise abstract outcome. Otherwise Phase 2 students will struggle to meet the outcome requirements.


�
�






Outcome A5 Describe numbers in a variety of ways�
While the outcome is reasonable, the elaboration suggests some pretty high expectations for some students to achieve, e.g. viewing139 as 13 tens and 9 ones.�
�
Outcome A6 Demonstrate an understanding of base-10 groupings,�
The document is somewhat unclear about whether or not students are expected to go over 100. I would suggest that this not be expected for more than exposure at this point.�
�
Outcome A7 Model numbers to three places�
I think it might be wise to consider Outcome A7 Model numbers to three places for exposure and not mastery.�
�






Outcome A8 Order and compare decimals to tenths�
The PRIME research suggests that it is not until Phase 4 that students are comfortable with this type of comparison. Grade 3 would, therefore, be early for this expectation.�
�






Outcome A3 Use simple fractions to describe situations�
This outcome, interestingly enough, is the lone outcome which seems to have Phase 2 elements.


- I noticed that the elaboration for Outcome A3 talks about the fraction of a set meaning for a fraction as being more difficult than the fraction of a region meaning, without acknowledging that this meaning was actually used and expected in earlier grades. 


- Yet another issue is that this outcome seems to focus on fraction creation, yet the outcome language does not make that clear.  


�
�






Outcome A1 Identify and model fractions and mixed numbers�
A number of aspects of this outcome repeat what had been learned in earlier grades; the new learning is the introduction of mixed numbers. Relating mixed numbers and improper fractions is clearly a Phase 4 outcome. It is certainly appropriate for Phase 3 students to meet these ideas, but it is not reasonable to expect mastery for Phase 3 students. 





Task A 1.7 is actually a task more suitable to Phase 5 students and is well out of the reach of many Grade 4 students.�
�
Outcome A3 Model and record numbers to 99 999 and 


Outcome A4 Compare and Order Whole Numbers�
Many students who are in Phase 3 may have difficulty with numbers beyond 1000. It would be valuable to re-examine a number of the worthwhile tasks, many (not all) of which are currently at a very abstract level.


�
�
Outcome A5 Compare and Order Fractions�
The part of this outcome that deals with fractions with the same denominator suits Phase 3 students. Other parts will be more difficult for them.�
�
Outcome A6 Rename fractions with and without the use of models�
The part of this outcome that focuses on mixed numbers suits Phase 4 students and not Phase 3 students.





�
�



Perhaps dropping some of the work with mixed numbers and with using multiple strategies to compare fractions would help Phase 3 students in Grade 4 experience more success.





Outcome A1 Represent whole numbers to the millions,





 Outcome A6 Read and represent numbers to millions, and 





Outcome A8 Compare and order large numbers focus on these greater numbers.�
It is not until Phase 5 that students are comfortable with working with numbers greater than 100 000.





The numbers suggested in these outcomes may be beyond the ability of many Grade 5 students to work with meaningfully.�
�
Outcome A2 Interpret and model decimal tenths, hundredths, and thousandths, 





Outcome A7 Read and represent decimals to thousandths and 





Outcome A 9 Compare and order decimals �
The PRIME research uncovered that work with thousandths is significantly more abstract for students than work with tenths and hundredths. However, the first two outcomes listed and parts of the third one focus on use of thousandths.





This will be a stumbling block for many Grade 5 students.�
�









Outcome A3 Write and interpret ratios, comparing part-to-part and part-to-whole and 





Outcome A4 Demonstrate an understanding of equivalent ratios�
These outcomes might have been developed as Phase 4 outcomes, which would have been appropriate. But on reading the elaboration and worthwhile tasks, it becomes clear that flexible and abstract thinking is expected. If tasks like A3.5, A 3.7, A 4.3, A 4.4, and A 4.5 – A 4.9  were eliminated, the outcome would better suit Phase 3 and 4 students.�
�
Outcome A7 Read and write whole numbers in a variety of forms and 





Outcome A8 Demonstrate an understanding of the place-value system�
Work with numbers over one million and with thousandths will be difficult for many, but not all, students. 





It is surprising that exponential notation is introduced in the elaboration; it is very unclear whether this is intended to be taught.�
�









Outcome A9 Relate fractional and decimal form of numbers�
Elements of this outcome are certainly suitable for many Grade 6 students. But some of the tasks suggest an ability to think abstractly and flexibly that may be difficult for many of these students. Look, for example, at A 9.2, A 9.3 (which is about density, which we found to be a Phase 5 behaviour), and A 9.5 for examples of this.�
�









Outcome A6 Demonstrate an understanding of the meaning of a negative integer�
Our research indicated that students were not comfortable with negative numbers until Phase 5. This is interesting given the prevalence of these numbers in our everyday world. This could impact the placement of this outcome.�
�
Outcome A11 Distinguish between prime and composite numbers�
The PRIME research suggests that the concept of prime numbers is not meaningful to students until Phase 5. So Outcome A11 Distinguish between prime and composite numbers is well placed in Grade 6 rather than Grade 5. It should be recognized, though, that students still in Phase 3 will struggle with these ideas.





That is not to say that they cannot be exposed to the definition, but whether they can use the concept meaningfully is the issue.�
�









Grade 7 Outcome A7 Apply patterning in renaming numbers from fractions and mixed numbers to decimal numbers�
Some of the tasks suggested seemed to be a lot to expect for many Grade 7 students. Other aspects of this outcome where students relate fractions to decimals (repeating or terminating) and equivalent ratios or percents seem appropriate.





The intent of this outcome is difficult to interpret. Even after I read the elaboration and tasks, I would not be sure what I am supposed to accomplish and how far is too far to go. �
�
Grade 7 Outcome A8 Rename single-digit and double-digit repeating decimals to fractions through the use of patterns, and use these patterns to make predictions�
This outcome requires an abstract thinking level not in keeping with many Grade 7 students. �
�
Grade 7 Outcome A 11 Demonstrate number sense for percents�
I find that this outcome comes surprisingly late. It seems to me that these ideas should come with earlier work with percent in Grade 6.�
�
Grade 8 Outcome A8 Represent and apply fractional percents, and percents greater than 100, in fraction or decimal form, and vice versa and





Outcome A9 Solve proportion problems that involve equivalent ratios and rates�
I wonder why there is not more pictorial support offered for these two outcomes. This would greatly help students in lower phases.�
�









B3 Determine how many more one group has than another�
Our research indicated that the comparison model for subtraction was not meaningful to most students until Phase 2, so this outcome seems advanced for the large majority of Primary students. 





This does not suggest that teachers would never present comparison problems for students to work on, but it is the expectation that students will solve these problems by counting on, a Phase 2 behaviour, or the abstraction of some of the suggested tasks that makes this outcome less reasonable for mastery at this level. 


�
�









Outcome B5 Recognize how to use addition or subtraction to solve comparison problems is appropriate�
The expectation that students master all three types of comparison problems, i.e. a, b or c missing in a – b = c might be too much to expect for the many Phase 1 students in Grade 1. �
�
Outcome B6 Move freely among representing an addition or subtraction situation with a picture, a model, or a number sentence,�
I am not sure the outcome should expect all students to be comfortable with pictorial models, even if some are.�
�









Outcome B7 Use mental strategies to find sums to 18 and differences from 18 or less that are abstract�
I think it might be wise to remove elements in the elaboration and tasks for this outcome that are abstract. For example, some students can use some of the listed strategies quite meaningfully in concrete situations. 





Requiring students to generalize from the use of the strategies in contextual situations to showing how those strategies are evident on the addition table is quite abstract for many students. 


�
�
Outcome B8 Know simple addition facts from among those for which the total is 10 or less and know the corresponding subtraction facts�
The expectation that Grade 1 students memorize the addition facts for a total of 10 or less and the related subtraction facts might be better delayed until Grade 2. The focus in Grade 1 could remain on learning and using strategies.�
�









Outcome B2 Recognizes that division can mean determining how many groups of a fixed size are in a larger group of fair sharing�
Our research suggests that in Phase 2, students can only handle one meaning of division. Again, that does not mean students cannot solve problems of the other type using a variety of strategies, but it does mean that students do not meaningfully think of the operation of division as meaning two different things at this point in their development.�
�









B9 Model and perform the addition of two 2-digit numbers, with and without regrouping�
This outcome is handled in a very symbolic way. Look for example at tasks B9.3 and B9.4. Phase 2 students are still working at a concrete level and are moving toward abstract, but perhaps the impression is given that they should already be working symbolically.


�
�









Outcome B2 Recognize several meanings for division�
This outcome is appropriate for this grade level. However, there is an element of the outcome described in the elaboration and worthwhile tasks that expects students to meaningfully deal with remainders. This is actually a Phase 4 behaviour and advanced for many of these students.  


�
�
B10 Begin to estimate in multiplication and division situations�
This outcome requires Phase 4 behaviours and might be inappropriate to expect for the majority of Grade 3 students.


�
�









Outcome B4 Solve and create problems involving addition and/or subtraction�
This outcome is appropriate if the abstractness of the elaboration and worthwhile tasks are scaled back.�
�









Outcome B6 Use models informally to add and subtract fractions with the same denominator�
This outcome demands a Phase 5 behaviour. Perhaps placing the outcome at this level is not appropriate.


�
�









Outcome B1 Find sums and differences involving decimals to thousandths 


and 


Outcome B10 Estimate sums and differences involving decimals to thousandths�
These outcomes expect comfort with thousandths, which is actually a Phase 5 behaviour.


�
�
Outcome B6 Divide decimal numbers by single-digit whole numbers and Outcome B12 Estimate products and quotients of decimals by single-digit whole number�
The PRIME research discovered that although multiplying a decimal by a whole number was a Phase 4 behaviour, dividing a decimal by a whole number was a Phase 5 behaviour. This is the focus of the first outcome and required in the second one, calling the placement of each of them into question. �
�
Outcome B13 Perform appropriate mental multiplication with facility�
This outcome seems a bit ambitious for Grade 5. Reading the elaboration and worthwhile tasks, it is clear that a level of facility is expected that feels much more like Phase 5 than Phase 4. Some students will be able to meet this challenge, but many will not.


�
�
Outcome B14 Divide numbers mentally when appropriate�
The complexity of the values used in the elaboration and tasks for this outcome suggest that Phase 5 behaviours are being called for. It would be possible to revamp the examples to change this fairly easily.�
�
Outcome B15 Multiply whole numbers mentally by 0.1, 0.01 and 0.001�
These competencies were found in the PRIME research to be Phase 5 behaviours.


 


�
�









Outcome B2 Model and calculate the products of two decimals�
Our research indicated that most Grades P–6 students were not successful multiplying decimals by decimals so this outcome may be premature for most Grade 6 students�
�
Outcome B4 Model and calculate the quotient of two decimals and 


Outcome B10 Divide numbers by 0.1, 0.01 and 0.001 mentally�
These outcomes almost certainly need to be delayed given that it was not until Phase 5 that students were comfortable calculating the quotient of decimals using whole number divisors�
�









Grade 7 Outcome B1 Use estimation strategies to assess and justify the reasonableness of calculation results for integers and decimal numbers�
This outcome specifically names strategies students should use. I wondered why these were newly named in Grade 7 and not earlier. 





I particularly liked the idea of talking about when we estimate versus calculate. I wish that aspect had been discussed in earlier grades.�
�
Grade 7 Outcome B2 Use mental math strategies for calculations involving integers and decimal numbers�
Many of the problems could have been done by students in earlier grades. It may be difficult for the teacher to interpret the intent of this outcome in terms of new learning.�
�









Grade 7 Outcome B3 Demonstrate an understanding of the properties of operations with decimal numbers and integers�
I looked through the elaboration and tasks and felt that many of the properties were implicit in other outcomes. I was not sure whether it was a good idea to separate out these understandings. 





I also had some doubts about how reasonable it would be for students to handle a task like B3.6 involving closure; it’s pretty sophisticated.


�
�









Grade 7 Outcome B4 Determine and use the most appropriate computational method in problem situations involving numbers and/or decimals and


Grade 9 Outcome B2 Add, subtract, multiply, and divide rational numbers in fractional and decimal forms, using the most appropriate method�
I was uncomfortable with the phrase “the most appropriate”;  I think this may violate the spirit of supporting personal approaches.�
�
Grade 8 Outcome B1 Demonstrate an understanding of the properties of operations with integers and positive and negative rational numbers�
I wondered about the focus on closure, which seems very formal, and am not sure it is clear what teachers are meant to do with terms like commutativity and associativity.�
�









Grade Level�
P�
1�
2�
3�
4�
5�
6�
�
Typical Phases�
1�
1 & 2�
1 & 2�
2 & 3�
2 & 3�
3 & 4�
3 & 4�
�






Outcome C4 Represent the pattern in multiple ways�
Our research indicates that this particular behaviour occurs in Phase 2. Almost no Primary students would be at that phase.  


�
�






Outcome C2 Reproduce, extend, and create simple patterns based on number





Outcome C4 Create patterns with 3-D solids and 2-D shapes, and





Outcome C5 Use number patterns to help solve addition and subtraction questions�
Many Grade 1 students are still not at the Phase 2 level. These outcomes expect students to be at that level.


�
�






Outcome C3 Sequence events�
This was an odd outcome to list in the pattern strand when a similar outcome in another grade was listed in the measurement strand.


�
�






Outcome C2 Demonstrate an understanding that there are often many ways to continue a pattern, unless a pattern rule is provided�
Although many of the suggested tasks suit Phase 2 and Grade 2, the discussion in the elaboration and the wording of the outcome suggest more sophisticated understandings than our research suggests is appropriate for these students. In particular, the term pattern rule is not meaningful to students at this phase.





In addition, the notion of the ambiguity of extending a pattern without a rule is a Phase 4 behaviour. In other words, a student might well be able to start a pattern with the same two items and complete it in different ways, but generalizing to the notion that there is always ambiguity without a pattern rule may be too much to expect.


�
�






Outcome C1 Use place value patterns to extend understanding of the representation of numbers to millions�
This outcome includes elements that seem suitable for Grade 5, but the use of numbers to millions may be problematic for many Grade 5 students.


�
�
Outcome C2 Recognize and explain the patterns in dividing by 10, 100 and 1000 and/or in multiplying by 0.1, 0.01 and 0.001�
This outcome may be problematic for many Grade 5 students whose decimal facility is not as sophisticated as are other students’.�
�
Outcome C4 Rearrange factors to make multiplication simpler�
This outcome assumes a flexibility with numbers that might be more evident in Phase 4 than Phase 3 students. 





For example, Task 4.3 is interesting but many Grade 5 students would find it difficult to explain what is going on�
�
Outcome C6 Predict how a change in unit affects an SI measurement�
This outcome appears to be an appropriate outcome, but some of the associated tasks require a number sophistication that may be problematic. For example, consider C6.1 where thousandths are used.


�
�
Outcome C8 Demonstrate an understanding that the multiplicative relationship between numerators and denominators is constant for equivalent fractions�
This outcome demands a level of sophistication in number that is unlikely for most Grade 5 students. From a number point of view, this is Phase 5 behaviour, demanding a very symbolic understanding of equivalent fractions.�
�






Outcome C2 Use patterns to explore division by 0.1, 0.01, and 0.001�
These computations are too difficult for most Grade 6 students according to our number and operations research.


�
�






Grade 8 Outcome C6 Solve and verify simple linear equations algebraically�
I have some concern that the coefficients that are suggested to support this outcome may be difficult for some students. �
�
Grade 9 Outcome C6 Solve single-variable equations algebraically, and verify the solutions�
Although the phrasing in this outcome suggests non-linear equations as well as linear ones, it is not really clear to the teacher which linear equations are more appropriate for Grade 8 and which for Grade 9. I think it would be important to clarify this.  


�
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Outcome E8 Make transformations of figures and shapes�
The ability to deliberately use transformations is a Phase 2 behaviour.�
�






Outcome E1 Develop spatial sense, including position-in-space and the language associated with it�
Task E1.7 requires that students create spatial maps and suggests that teachers look in these maps for consideration of relative distances. This is highly unlikely at this stage. 


�
�
Outcome E2 Develop spatial sense, including eye-motor co-ordination�
Task E2.4 Develop spatial sense, including eye-motor coordination, requires students to create and describe paths, a Phase 3 behaviour.


�
�
Outcome E3 Sort and build with 2-D and 3-D shapes�
The elaboration suggests that students might cross-classify. Our research suggests this is a later behaviour.


�
�
Outcome E4 Pattern with 2-D and 3-D shapes�
Task E4.4 requires students to deal with a fairly complex pattern.


�
�






Outcome E1 Develop aspects of spatial sense, including visual memory�
The suggestion that students follow a set of directional arrows to create a shape is advanced for most Grade 1 students.





Task E1.4 involves visual memory with more shapes than is likely for students in Phase 1 to be able to recall.�
�
Outcome E5 Recognize, name, describe and represent a variety of 2-D and 3-D shapes�
The suggestion that students identify prisms or pyramids by the shape of their bases may require a level of analysis that would be difficult for Phase 1 students.


�
�
Outcome E6 Describe attributes of and sort and compare 2-D and 3-D shapes�
Task E6.7 asks students to make fairly sophisticated generalizations about shapes.


�
�






Outcome E8 Build, divide and change 2-D shapes�
Many tasks in Outcome E8 Build, divide and change 2-D shapes are the types of problems that are really Phase 2 behaviours, although it would be easy to devise tasks for this particular outcome to include Phase 1 students


�
�
Outcome E9 Recognize, name, describe, and represent slides and reflections of 2-D shapes�
Task E9.6 asks students not only to recognize flips and slides, but to actually understand that sometimes you can’t tell which occurred (This is pretty sophisticated thinking.).


�
�
Outcome E11 Cover figures and fill shapes with countable non-standard units�
Task E11.2 expects students to solve puzzles that involve quite a few pieces.


�
�






Outcome E4 Recognize, name, and represent parallel lines and right angles and


Outcome E8 Recognize surfaces and faces of 3-D shapes�
Both of these outcomes demand an analysis of shapes; they are not focused on global appearance, as would be expected for students in Phase 1 and Phase 2.�
�
Outcome E2 Recognize 3-D shapes from drawings and from alternate perspectives�
This outcome includes an expectation that Grade 2 students can interpret representations of 3-D structures and objects including isometric drawings and sophisticated 2-D representations of 3-D objects.


�
�






Outcome E3 Sort, build, and pattern with 2-D and 3-D shapes�
Task E 3.1 includes a pattern expectation that students create charts to record patterns, which may be beyond many of these students.





Task E 3.2 requires the use of pattern rules, which is a Phase 3 behaviour on the pattern and algebra map.�
�
Outcome E4 Recognize, named, and represent parallel lines and right angles�
The inclusion of parallelism as an explicit concept is not supported by our research  as being well-understood until Phase 4.


�
�
Outcome E7 Cut and assemble nets of cubes and triangular, square, and rectangular prisms and pyramids�
Our research suggests that at this phase, the assembling of nets for rectangular prisms is all that most students can deal with. 





Task E 7.2 requires fairly sophisticated consideration of how a net is created, unlikely at this phase.�
�
Outcome E10 Subdivide and change 2-D figures�
The impression is left in the elaboration that students will come to some fairly sophisticated generalizations, as opposed to just observing the suggested relationships in individual cases. This is not likely for most Grade 2 students.�
�






Outcomes E3 Recognize, name, describe, and represent congruent angles and congruent polygons





Outcome E6 Cut and assemble net patterns for pentagonal and hexagonal prisms and pyramids





Outcome E7 Build skeletons of various prisms and pyramids to focus on edges and vertices�
These outcomes all describe Phase 3 behaviours.�
�






Outcome E10 Recognize, name, describe, and represent half and quarter turns of 2-D figures�
This outcome describes Phase 3 behaviour.�
�






Outcome E1 Continue their development of spatial sense with emphasis on perceptual constancy�
The use of isometric views discussed in the elaboration and a task like E 1.6 that depends on interpretation of isometric drawings are well beyond most Grade 3’s abilities. These were, in fact, Phase 4 behaviours on the PRIME geometry map.





Task E 1.3, which depends on students’ ability to analyze the faces of a 3-D object, is a Phase 3 behaviour.


�
�
Outcome E2 Recognize and represent angles that are less than/more than right angles�
Task E 2.1 and E 2.3 require students to analyze shapes in terms of the types of angles at their vertices. This type of analysis describes Phase 3 behaviour.


�
�
Outcome E4 Recognize, name, describe and represent kite, and some concave, convex, and regular polygons�
The expectation that students are ready to analyze shapes to determine whether or not they are regular also seems to demand more analysis than is typical at this phase.


�
�
Outcome E8 Predict the results of combining triangles and/or quadrilaterals�
There is an expectation in some of the tasks that students recognize equal sides of shapes. Here, too, analysis is required.


�
�
Outcome E9 Find the lines of reflective symmetry of polygons�
The expectation that students will generalize to conclusions that relate numbers of lines of symmetry to numbers of sides for regular polygons is optimistic.


�
�






Outcome E1 Draw various nets for rectangular prisms and cubes





�
This outcome expects students to create and complete nets. Our research shows that although assembling is not a problem, creating nets is, at this level. It is Phase 4 where students are comfortable with this.


�
�
Outcome E3 Construct shapes given isometric drawings


�
The work with isometric drawings, which actually began in Grade 2, seems still to be problematic for students in Grade 4.�
�
Outcome E9 Sort quadrilaterals under property headings





Outcome E11 Predict and confirm the results of various 2-D figures under slides, reflections, and quarter/half turns�
These outcomes are all examples of Phase 4 behaviours.





This is not to say, that in the short run, some students cannot be successful on individual tasks, but it is to suggest that expecting any conceptual understanding around these is pretty shaky.�
�






Outcome E10 Make generalizations about the numbers of vertices, edges, and faces of various prisms, pyramids, cones and cylinders�
Expecting students to generalize about properties of 3-D objects, for example relating the number of edges of a prism to the base, may be somewhat advanced, although exploring the concept would be quite reasonable.�
�
Outcome E12 Make generalizations about the reflective symmetry property of the various quadrilaterals


�
Similarly, expecting students to generalize about symmetry property of various quadrilaterals, as opposed to just exploring those properties, may be more than is reasonable for many Grade 4 students. Most of what is discussed in the elaboration and most tasks are accessible; it is really the wording of the outcome that might be the issue. �
�






Grade Level�
P�
1�
2�
3�
4�
5�
6�
�
Typical Phases�
1�
1 �
1 �
2�
2 & 3�
2 & 3�
3 & 4�
�






Outcome D13 Demonstrate an understanding that the size of unit used affects the number describing the measurement�
I certainly agree with the curriculum authors that this is an idea Grade 2 students should be exploring. However, it is whether this concept can be abstractly understood that is the question. Our research suggests that students cannot abstract this idea until Phase 3. They can, however, in specific cases, use that idea.�
�






Outcome D5 Solve problems involving kilometres 





Outcome D6 Use appropriate units for capacity and mass, and





Outcome D7 Read digital and analog clocks to the nearest five minutes


�
These phase 3 outcomes are particularly problematic.





The issue with kilometres is probably their abstractness since students cannot really “see” them.�
�






Outcome D1 Recognize and demonstrate that objects of various shapes can have the same area 





Outcome D2 Recognize and demonstrate that objects of the same area can have different perimeters and





Outcome D11 Relate dimensions and areas of rectangle to factors and products�
These phase 3 outcomes are particularly problematic because of their demand for generalizations.�
�






Outcome D2 Calculate areas of irregular shapes





Outcome D5 Develop formulas for areas and perimeters of squares and rectangles.�
In both cases, there may be individual aspects with which Phase 3 students can be successful; it is the abstraction and generalization that may be the problem.�
�






Outcome D1 Recognize and demonstrate that objects of various shapes can have the same area 


�
The generalization posed in Task D1.3 requiring students to recognize why perimeters with whole number side lengths are even values will be difficult for lower phase students.�
�
Outcome D4 Demonstrate an understanding of the relationships among particular SI units�
Measurement conversions like those suggested in tasks D4.4 and 4.5 expect skills beyond many Grade 5 students.�
�
Outcome D8 Determine which unit is appropriate in a given situation and solve problems involving length and area�
The requirement that students deeply understand perimeter formulas, as is required in task D8.3, demands too much for many Grade 5 students.�
�






Grade Level�
P�
1�
2�
3�
4�
5�
6�
�
Typical Phases�
1�
1 �
1 & 2�
1 & 2�
2 �
2 & 3�
3 & 4�
�






Grade Level�
P�
1�
2�
3�
4�
5�
6�
�
Typical Phases�
1�
1 �
1 �
1 & 2�
2 �
2 �
2 & 3�
�






F3 Develop and modify predictions with respect to data collected or presented to them�
This outcome requires a level of sophistication that is highly unlikely at this stage of development. Some of the specific tasks that do not require analysis, such as F3.2 are not as much of a problem.


�
�






Outcome G2 Demonstrate an understanding that probability predictions need not always come true�
This outcome demands an understanding of randomness that is highly unlikely in such young students.


�
�






Outcome F3 Create bar graphs using simple scales�
It is not until Phase 3 that students are comfortable creating bar graphs representing many-to-one relationships. It is not until Phase 4 that students are comfortable choosing an appropriate scale for such a bar graph. But there are expectations that this happens in Grade 3, for example in Task F3.1.


�
�
Outcome F4 Implement plans with respect to the collection of data�
Students are expected to consider issues in conducting a survey. They may well be able to talk about some very simple things, but determining sources, determining sample constitution, etc. is a lot to ask these youngsters.


�
�






Outcome F1 Recognize and use a variety of methods for the collection and organization of data�
This outcome speaks to sophisticated thinking about sampling. This is very unlikely in Grade 4 students. 


�
�
Outcome F2Describe data maxima, minima, range and frequency to�
Although Grade 4 students may be able to calculate these values, it is not until students are in Phase 4 that the importance of these values with respect to describing the data is meaningful. �
�
Outcome F6 Interpolate data from a display�
Interpolation is a Phase 4 behaviour.�
�
Outcome F7 Describe data, using the mean�
Using the mean as a description of data, and not just calculating it and some specific tasks like F7.2 – F 7.7 are very abstract for many Grade 4 students.�
�
Outcome F8 Explore real-world issues of interest to students and for which data collection is necessary to determine an answer�
A number of aspects of this outcome requiring organization and analysis of data are very sophisticated for Grade 4 students.�
�






Outcome G1 Predict probabilities as either close to 0, near 1, or near ½





Outcome G4 Use fractions to describe experimental probabilities�
Using fractions to describe probabilities, as required in these outcomes were found to be Phase 3 outcomes and not really accessible to most Grade 4 students. 





Asking students to respond to tasks like G1.3, G 2.2, and G 1.4 will be very difficult for most Grade 4 students.


�
�






Outcome F5 Group data appropriately and use stem-and-leaf plots to describe the data�
Expecting students to make decisions about whether to group by the tens digit, the tens and hundreds, etc. may be difficult for many Grade 5 students. 


�
�
Outcome F6 Recognize and explain the effect of certain changes in data on the mean of that data�
Analyzing the effect of data changes on the mean would better suit students in Phase 4 than Grade 5 students.


�
�
Outcome G2 Determine simple theoretical probabilities and use fractions to describe them�
The use of theoretical probability would better suit Grade 6 students who are in Phase 4.


�
�






Outcome F1 Use double bar graphs to display data





Outcome F2 Use pictographs and bar graphs to display and interpret data�
These outcomes have many Phase 3 elements that would suit many Grade 5 students, but, again, the expectation that students make their own choices about scale is problematic for students not in Phase 4.


�
�
Outcome G1 Conduct simple experiments to determine probabilities�
Students in Grade 5 would be better able to handle these tasks if the requirement were not to use fractions and decimals.


�
�
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