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Introduction

First Steps in Math (FSiM) is a professional development program for teachers to help them with the professional decision-making that is the essence of their role as a teacher. FSiM professional development acknowledges that teacher decision-making improves with increased knowledge, experience, and evidence in three components: mathematics, pedagogy, and student thinking.

FSiM is based on a developmental model of learning mathematics, in which there is no expectation that all students will know and be able to do the same mathematics at the same point in time that would be the implied expectation in an outcomes framework. FSiM focuses not so much on students “knowing” mathematics concepts in some way; rather, on how that knowledge transforms how students think about approaching everyday tasks and problems in mathematics. FSiM describes this as robust learning—learning that focuses on students developing mathematics concepts fully and deeply so the learning is sustained. The expectation in FSiM is that the same rich content will reoccur over several grades, with each student perhaps experiencing a different, but appropriate, level of growth. FSiM research has established that the majority of students’ general mathematical thinking will progress along a continuum with certain hallmarks achieved within certain age spans. Therefore, to tackle the question of the developmental appropriateness of the Atlantic Canada Curriculum, the content that underlies the outcome statements and corresponding Elaborations for specific grades and the flow of that content throughout the grades were examined for the appropriateness at the grade(s) specified. While the research question encompasses the curriculum to the end of grade 9, FSiM describes the developmental continuum through to about 13 years of age; therefore, the Atlantic Canada curriculum for grades primary through 7 or 8 is the focus of this report.

It should also be noted that this research project involved the careful examination of all six FSiM resource books (Number Sense, Operation Sense, Measurement (2), Geometry and Space, and Data Management and Probability (draft)) and four diagnostic maps (Number, Measurement, Geometry and Space, and Data Management and Probability). These FSiM materials consolidate what was learned from extensive research undertaken by Murdoch University and the Department of education and Training, Western Australia, from 1995 to 2000.They reviewed the international research literature in mathematics education, described in a 60-page bibliography. They collected the data and identified gaps in the field of knowledge about students’ learning in mathematics. They then developed tasks, that were later validated, to investigate these gaps, and added this to their base of research.

Research Question 1: Is the continuum of outcomes described by the current Atlantic Canada mathematics curriculum (ACC), grades primary to 9 developmentally appropriate?

Part A: Number and Operations

Question1: Is the current Nova Scotia curriculum for real numbers consistent with FSiM research?
Whole Numbers and Place Value
The sequencing of development of counting and place value is consistent with FSiM and occurs within the age spans expected by FSiM. FSiM, however, would likely recommend:

· The curriculum include some experiences with numbers in society that do not indicate quantity, such as house numbers, product codes, phone numbers, and library books.

· Counting experiences be extended into grades 2 and 3 to insure students see the patterns in counting beyond 100

· Teaching of place value occurs mostly in the context of calculations

· Place-value charts feature prominently in place-value development to insure students see and use the patterns inherent in the base-ten system both for reading and writing numbers

· Both the additive and multiplicative aspects of the base-ten system get maximum attention within the appropriate grade bands

Common Fractions

For the most part the sequencing of the development of common fractions is consistent with FSiM. However, FSiM would likely advise that some of the conceptual methods used to compare fractions (5A10) be allocated to grade 6, and that the grade level for any formal method for finding equivalent fractions be clarified and advice for its development with understanding be provided. FSiM might question the minimal treatment given to fractions in grades 6 and 7, and the concentration of most of the operation work in grade 8. That is not to say, however, that there is anything developmentally inappropriate.

FSiM would also likely recommend:

· More of a delay in writing fractions in horizontal form in favour of writing out the “family” names after a numeral for the number of parts until students are in the Partitioning Phase (grades 2 and 3).

· Teachers be informed of some of the common misconceptions regarding fractions, the sources of these misconceptions, and suggestions for dealing with them.

· Teachers be informed about the important role that counting on and counting back with fractions can play in their overall development.

· Teachers help students from throughout all the grades, starting when they first share quantities to get unit fractions, that for example 5 out of 20 is one-fourth not just because the group of 5 is one of four equal groups made, but also because each one of the 5 is one out of every four in the 20 (If 20 counters, 5 of which are red, are arranged in a 5 by 4 array with a column of 5 red and four columns of white, it is easy to see that there are four groups of 5 of which one groups is red. It is also easy to look across the row and see each red in a row is one of four counters.)

Decimals and Place Value

For the most part, the sequencing of development of decimals is consistent with FSiM, although FSiM would likely question the depth of the expectations in grade 3 (A7 and A8), especially the locating and ordering on a number line, when many students would be working in the Partitioning Phase.

FSiM would also likely recommend:

· The place-value chart used for whole numbers be carefully extended to include places after the decimal and that it feature prominently in the development, so students appreciate that decimals are part of the base-ten system and see that the system centres on “ones”, not the decimal point

· The additive and multiplicative aspects of the place-value system get maximum attention in the appropriate grade bands

· Teachers be advised of the common misconceptions regarding decimals and the resultant errors

Proportional Reasoning

The development of proportional reasoning starting with multiplicative comparisons in grade 4, ratios in grade 5, equal ratios and introduction to percent in grade 6, percent in grade 7, and extensive proportional work in grade 8 would be consistent with FSiM expectations.

Question1: Is the current Nova Scotia curriculum for operations consistent with FSiM research?
Operations

The use of structures of story problems to develop the concepts of the four operations and their relative placements in the grades is consistent with FSiM. The types and sizes of numbers under these operations at the various grades are also in line with FSiM recommendations. 

FSiM would likely question that all grade 1 students, most of whom are working in the Quantifying Phase, could use mental strategies to find sums to 18 and differences from 18 or less (1B7) or could recognize that subtraction can be used to solve missing addend problems (1B4). Otherwise, the mental math and estimation expectations in the curriculum are consistent with FSiM.

FSiM, however, would likely recommend:

· Teachers be aware that modeling of story problems is to help students see the patterns inherent in the various structures of problems and to help them construct number sentences that reflect the stories and models. The ultimate goal, however, is for students to translate those story problems directly to number sentences.

· Mental calculation be seen as the first line of attack when computing, with pencil-and-paper a backup support when students cannot store all the calculations in their heads. Standard algorithms would be one of many possible strategies that could be used. Students should see calculators and computers as sensible choices for repetitive, complex, or lengthy calculations.

Question 3: How do we ensure that operational procedures are well developed witin the context of conceptual understanding?

In its resources, FSiM uses the term operation in reference to the conceptual aspects of addition, subtraction, multiplication, and division, and the term calculation in reference to their procedural aspects. FSiM would advise teachers not to rush the conceptual development in order to get to procedures. While the Elaborations for the procedural outcomes in the ACC all make reference to, describe, and illustrate the connection between concrete modeling of procedures and the symbolic steps in those procedures, they do not always recommend that the procedure be connected to the solution of a related story problem nor advise how these procedures should actually be developed in the classroom. For example, using the ACC, teachers might think they should introduce a procedure by modeling it for the students using concrete materials and then showing the students the steps in the procedure. FSiM would consider this “show-and- tell” approach not so effective as approaches that capitalize on students’ natural abilities to think. For example, FSiM would suggest that students be given story problems related to the procedures and asked to model the solutions with concrete materials or diagrams, thinking them through and building on their current understandings and skills. FSiM would be less concerned that all students converge to the use of a standard algorithm; rather, that students develop procedural approaches that make sense to them and are efficient. Given that FSiM advocates the use of mental strategies as the first line of attack for a calculation, many students are likely to transfer what are typically viewed as mental math strategies to pencil-and-paper strategies. Whatever procedure they adopt, students should be able at any point to explain the reasoning behind what they are doing. The goal is that students see symbols in mathematics as a way to communicate.

Part B: Patterns and Pre-Algebra

Question 1: Is the Nova Scotia curriculum for the development of algebraic reasoning consistent with the research?

While the general approaches in GCO C (Patterns and Relationships) of the ACC in grades 7 and 8 are consistent with the expectations of the FSiM Operating Phase, the emphasis in GCO C in the elementary grades is not on the develop of algebraic thinking other than the use of open frames for unknowns. There is a total absence of a systematic approach to the development of relational thinking in the elementary grades.

· FSiM would likely recommend that grade primary teachers have students (in the Matching and Quantifying Phases) explore the patterns in their daily lives to see that some activities occur over and over, encouraging language use such as repeat, again, and pattern. Through this students begin to understand that it is the regularities in everyday life that enable them to “know what to do” at various times and to say what is likely to happen in the future. This will help setup the thinking behind mathematical and other patterning described in the other outcomes.

· FSiM would recommend that teachers at all grade levels underscore that finding patterns helps us predict not only what comes next but way ahead as well. Even in grade primary with colour patterns made with cubes such as “green, blue, blue,” students should not only be able to continue the pattern but also, should the pattern be covered to reveal only one green cube, they should be able to predict what cube comes before and after it.

· FSiM would expect that students at all grade levels should represent the same pattern in a number of ways, translate flexibly between/among different representations of the same pattern (such as a shape pattern made with toothpicks and a number pattern), and describe patterns in ways that a friend could continue the pattern. These descriptions would become more sophisticated as students progressed through the Phases of development. By grades 2 and 3 (Partitioning Phase), students should appreciate that by translating a geometric pattern into a number pattern, the number pattern can help them describe the next and future terms in that geometric pattern.

· Because most students should be working in the Factoring Phase in grades 4 and 5 and entering the Operating Phase by grade 6, FSiM would advise that the GCO C outcomes for grades 4 to 6 should build on the outcomes from grades primary to 3, with more emphasis on algebraic thinking by finding the rule in a relationship, describing that rule, and using the rule to make predictions. At grades 4 and 5, the descriptions will generally be in natural language and involve describing the relationship between one term and the next. At these grade levels students should be able to describe relationships that involve one operation. By grade 6, students should begin describing the relationship between a term and its position in the sequence directly. This will then segue nicely into the ACC GCO Cs in grades 7 and 8 where algebraic expressions are introduced to describe patterns and relationships. Also by grade 6, students should be able to identify patterns in sequences or sets of number pairs that are based on more than one operation.

· Students in grades 4 and 5 (Factoring Phase) should understand that, for example, the same sequence of shapes could be represented with different number sequences, depending upon which aspect of the sequence of shapes was focused on. For example, if there was a sequence of rectangles, number patterns could indicate patterns with respect to their lengths (or widths), perimeters, or areas.

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

First, teachers at all grade levels need to understand what constitutes algebraic thinking as opposed to algebra as a symbol system. As early as grade primary when students (in Matching and Quantifying Phases) play Cover Up in which they have to predict how many counters were covered using the information they know, they are developing algebraic thinking, but are teachers aware of this? Similarly, when students in grades 2 and 3 (in the Partitioning Phase), translate a geometric pattern they are making with cubes into a number pattern and use the number pattern to predict the next term will use 15 cubes and the one after 18 cubes, are teachers aware that this is algebraic thinking? When students in grade 5 (in the Factoring Phase) compare two fractions by comparing them both to one-half, are teachers aware that this is a form of algebraic thinking (transitive)? If teachers are not aware of algebraic thinking, they likely do not put the emphasis on it in class work and discussions. The curriculum needs to be explicit in what constitutes algebraic thinking and where opportunities can be found to develop it as a natural part of topics in the curriculum, and advise teachers of how to maximize those opportunities. For example, activities such as Function Machines and Guess My Rule should be common throughout the study of all operations so students see that operations link one number to another and establish relationships between groups of numbers. 

Open frames to represent missing numbers should be used from grade 1 up with all operations so students appreciate that operations can help them find “mystery” numbers. Substituting letters for these open frames is more problematic than most teachers might expect and should be delayed until grade 5 or 6 when students are approaching or are in the Operating Phase.

FSiM would recommend that those numbers that have interesting and useful properties, such as odd, even, square, triangular, prime, composite, multiples, and factors be introduced in the earliest appropriate grades. Not only can these be developed through patterns and relationship, these can also be a source for patterns and relationships.

Part C: Geometry

Question1: Is the current Nova Scotia curriculum for geometry consistent with FSiM research?

The geometry strand in the ACC curriculum was developed to reflect the van Hiele Model of Development of Geometric Thought. While FSiM does not have direct reference to this model in its resources, FSiM’s Recognizing, Describing, Analyzing and Relating Phases reflect very similar understandings about student development of geometric thinking. The thinking described in the Recognizing and Describing Phases for students in grades primary to 3 corresponds to Van Hiele Level 0, while the thinking described in the Analyzing Phase for students in grades 3 to 5 corresponds to Van Hiele Level 1, the thinking described in the Relating Phase for students in grades 6 to 8 corresponds to Van Hiele Level 2. Consequently, with perhaps a few exceptions, the geometry expectations in the ACC are not dissonant with FSiM, although FSiM materials seem to focus on a much smaller range of 2-D and 3-D shapes than found in the ACC. This could be because research in geometry is difficult in elementary schools because of the traditionally limited focus that has been given to geometry.  As a result, in matching the ACC against FSiM, it might appear that some of the content expectations of ACC are ambitious, even though they are consistent with the type of type of thinking for those grade levels. For example, the ACC expects students to name prisms and pyramids in grade 3 by the shape of their bases, and while FSiM makes no mention of this, these students are entering the Analyzing Phase when they are more astute to the parts of shapes. Another example is exploring the diagonal properties of the quadrilateral family in grades 5 and 6: FSiM makes no mention of these properties but the students are working in the development Phases where such explorations are not out of line. Of course, the outcomes-based framework of the ACC has placed some restrictions on how the curriculum is described; thus, some of the outcomes statements may appear to be more formal than the actual explorations recommended in the Elaborations and Worthwhile Tasks. As well, there is the restriction of limiting the objects of study to a specific grade rather than a grade band that would be the preference of FSiM.

FSiM would likely make the following recommendations:

· There should be more activities at all grade levels pertaining to students drawing and interpreting various types of maps, diagrams, and plans. Much is revealed in the growth and development of spatial sense when students have to map out or diagram their environments. For example, Are things in relative order? Are things drawn to show relative size?

· The difficulty students have with the language in geometry cannot be over emphasized. Many of the terms are rather complex, such as perpendicular-bisector, and most are specific to the field of study, so students would not have encountered them in other contexts beyond the mathematics classroom. Even if students recognize the terms appropriately when teachers use them, it does not follow that they will easily use them. Consequently, helping students develop a geometric vocabulary needs special attention at all grades.

· The recognition of all trapezoids, other than the special one in the Pattern Blocks, should be more fully discussed in grade 3 or beyond when students are in the Analyzing Phase because that recognition is dependent on analyzing the relationships among sides and not just by their overall appearances as we might expect in the Recognizing and Describing Phases. To be sure, the Elaboration for 1E5 does not suggest anything other than the Pattern Block trapezoid; however, trapezoids are not mentioned again until their parallel side property is explored and no mention is made of the need to examine many exemplars.

· The properties of translations and reflections (5E9) should be explored more informally in grades 5 and 6, and consolidated more formally in subsequent grades.

Part D: Measurement

Question1: Is the current Nova Scotia curriculum for measurement consistent with FSiM research?
The sequencing of measurement concepts in the ACC is consistent with the recommendations of FSiM, except for the concepts of time and perimeter. FSiM recognizes the difficulties students have differentiating time from time lapsed, and calculating time lapsed. The ACC does not address either of these concerns in a direct way. In fact, up to grade 3 the outcomes only address reading clocks, and after grade 3 there is only a passing reference to time in a few Elaborations. FSiM would recommend that determination of time lapsed should be started in grade 1 when students can count the number of hours lapsed, and continue throughout the elementary grades with grade appropriate calculations. In grades 4 to 6, the measuring system for time provides a great opportunity for comparison with the decimal system used for other measurements, and helps to address the common error students make in assuming a base-ten relationship when operating with time measures. While the ACC makes no mention of perimeter until grade 4, FSiM would recommend that perimeter be introduced in grades 1 and 2 to provide a very natural reason to add measures, be they non-standard or standard units.

FSiM would also make these general recommendations:

· Restrict the use of the word measure to those activities that generate numerical quantities. Therefore, when objects are compared, those comparisons are referred to as direct comparisons and indirect comparisons. Indirect measurements, by contrast, are strategies that generate a quantity measure indirectly, such as finding the circumference of a circular object by wrapping a string around the object and then measuring the length of the string, or by measuring its diameter and using a formula.

· Provide experiences in the use of language of quantity and comparison in a wide range of contexts, and address the subtleties and cultural differences in the use of terms such as “wide” and “narrow” throughout all the grades.

· To make a transition to using standard measuring devices (such as a ruler, a metre stick, a balance scale, and a protractor), always have students create their own measuring devices. This will help them see the relationship between countable standard units and a calibrated scale, as well as the importance of a zero mark on the scale and the position of the numbers on the scale. While this is suggested in the Elaborations for some measuring devices, it is not consistently applied.

· When helping students develop estimation strategies for measurement, teachers and students need to be aware that the role of measuring after estimating is to provide feedback in the initial development and should not be continued once student estimates are within a reasonable range. Also, these estimate-measure activities should be done one at a time so students can use each feedback to help them improve subsequent estimates. Students should use their familiar benchmarks and the feedback from each of the initial estimates.

· In grades primary and 1 (Matching-and-Comparing Phase), students should be able to see and handle the non-standard units in any estimation activity and to get estimates up to 5 or 6 of these units. Similarly, in grades 2 and 3 (Quantifying Phase), students should be able to see and handle the standard units in any estimation activity and to get estimates up to 6 of these units.

· Contrary to this statement in the Elaboration for outcome D3 of the grade 1 curriculum when students are working in the Matching-and-Comparing Phase: They should realize that, when they measure, the smaller the unit they use, the more units that will be needed, and vice versa, FSiM would suggest that students would need to be 9 to 11 years old (Measuring Phase) before they would understand such an inverse relationship.

· That current ACC outcomes containing “estimate and measure” from grades 2 up be “estimate, measure, and compare” to be sure students understand that measuring with non-standard and standard units provides information that can be used to compare attributes of objects.

Question 2: Should measurement concepts receive explicit, discrete treatment or be embedded in the appropriate number and geometry concepts?

FSiM has developed a Diagnostic Map for Measurement that is different from their diagnostic maps for number and for geometry. This would strongly suggest FSiM’s belief is that measurement thinking, while connected to numerical, operational, and geometric thinking, develops in its own unique way and should receive explicit and discrete treatment. That being said, FSiM advocates that measurement should be integrated with number, operation, and geometry. In grades primary and 1 (Matching-and-Comparing Phase), measuring with non-standard units provides many opportunities for students to count, add, and explore attributes of geometric shapes. For example, if grade 1 students are given large rectangles, they could measure the lengths of its sides, its perimeter, or its area using cubes. They would count and add cubes to find the measures, practicing their counting and addition skills, and come to understand that rectangles have perimeters and areas. Similarly, in grades 4 and 5 (Measuring Phase) when students are exploring perimeters of rectangles indirectly by just measuring one length and one width, they not only apply operation skills but also apply the property of rectangles that opposite sides are equal. When they also explore areas of rectangles by covering or partially covering them with square units, they are connecting arrays in multiplication. FSiM would advise teachers to help students made these connections explicit.

Part E: Probability and Data Management

Probability

The expectations of the ACC for probability from grades primary to 3 are inline with FSiM thinking for those students who would be in the Quantifying and Partitioning Phases in Number and in the Matching-and-Comparing and Quantifying Phases in Measurment. 

However, FSiM believes that developing the capacity to identify all possible outcomes and to think about whether they are equally likely should be the major focus in elementary grades, rather than the actual computation of probabilities. FSiM concedes than some students may learn to describe chance numerically in simple situations involving equally likely events; however, FSiM believes it will be more helpful for students to take the time needed to develop sound basic concepts about chance through experimentation and ordering events non-numerically than to rush to numerical probability. Comparisons of numerical probabilities requires a degree of proportional thinking that is best undertaken when students are in the Operating Phase (grades 6 to 8). Therefore, FSiM would suggest that it is likely too early in the development for outcome G4 in grade 4 (use fractions to describe experimental probability), and that too much emphasis is placed on determining numerical probabilities in grade 5.

Data Management

Other than having students create scaled bar graphs in grade 3, rather than in grade 4 when most students would be in the Factoring Phase, there would not likely be any disagreement about the grade-level appropriateness of the other data displays in the ACC. FSiM would advocate that grade 3 students read and interpret scaled bar graphs, but would delay their actual construction using data sets. 

The general flow of suggestions and recommendations in the Elaborations for development of data management from real world (or “real” to the students), including the questions and the methods of collection are consistent with FSiM. FSiM would, however, likely recommend:

· That Venn Diagrams be introduced by grade 2 or 3

· That line plots be used to display frequency of data as early as grade 1

· That arrow diagrams be the earliest method of organizing ideas, categories, and relationships 

· That students be exposed to data displayed in circle graphs as early as grade 3 or 4 and asked simple questions about relative sizes

· That students have experiences displaying the same data in different displays and discussing what is different and perhaps more telling in each display

· Students come to understand that different questions might be answered by different displays of the same data

· That throughout data collection and processing, teachers have students judge the accuracy of their data and the consistency of their data to set the stage early for concepts of reliability and validity that are critical ideas in statistics

· That the curriculum try to provide more clarity than it does currently in what constitutes analyzing and interpreting data

Research Question 2: How should the treatment of content standards and process standards be integrated within the curriculum?

While FSiM materials do not explicitly address the NCTM Process Standards—Problem Solving, Reasoning and Proof, Communication, Connections, and Representation—these standards are at the very heart of FSiM beliefs about teaching and learning mathematics. They are central to the robust learning—learning that focuses on students developing mathematics concepts fully and deeply so the learning is sustained. It is through these processes that students construct their own mathematical knowledge and make sense of the mathematical situations and ideas they encounter. 

Recall that FSiM is a professional development program for teachers, not a curriculum per se like the ACC, and one of the three components is pedagogy. It is in an examination of the pedagogical aspects of FSiM one would find strong endorsement of all these process standards as the bases for selecting activities, questioning students as they work and discuss their findings, and monitoring student thinking. It is expected that when teachers select tasks that are intended to develop understanding, these tasks will be non-routine and may likely involve new ideas. The tasks will be meaningful and challenging but within the reach of their students. Many of the tasks should challenge or stretch students’ existing ideas. Teachers should help their students recognize that, for such activities, persistence, thoughtfulness, struggle, and reflection are expected. It is only through this active participation that learning will be done by the learner rather than to the learner. A hallmark of the FSiM Sample Learning Activities for each Key Understanding in mathematics is the suggested questions that teachers should ask students, either during or after the activity. These questions are meant to highlight, through students’ communication skills, students’ reasoning and any connections students have made, or could make, including different representations. Thus, through pedagogy that employs all the process standards, students will see them as the essence of mathematics and the learning mathematics; students will grow and develop in these processes as they learn mathematics.

In short, FSiM sees pedagogy as an integral part of the curriculum, and it is through pedagogy that the integration of content and process standards becomes a reality.

Research Question 3: How can the ideas of key concepts and curriculum outcomes be used to determine achievement indicators, or standards. What would these achievement indicators look like?

[image: image1.wmf]FSiM would likely reject the idea of key concepts in the sense in which this term is currently being used. Rather than arranging concepts in some arbitrary order of “essentialness,” FSiM advocates monitoring and tracking the key indicators of changes in student thinking as they work on clusters of concepts and skills, rather than the discrete parts of these concepts and skills. These key indicators are summarized on the FSiM Diagnostic Maps for each of the Phases and would be FSiM’s idea of achievement indicators.  For example, below are tracking sheets for teachers to monitor their students’ progress through the Quantifying and Partitioning Phases for number and operations. As students work on questions and activities through the entire repertoire of these concepts throughout the year, teachers are observing the students to gather evidence that the students have met each of these key indicators and noting the dates they occurred. Teachers also use these tracking sheets to make decisions about what to teach and to whom.

[image: image2.jpg]Tracking Master 4 Ongoing Progress through the Quantifying Phase

Record students’ progress through the key indicators of the Quantifying phase of Number and note the
from phase to phase.

Quantifying Phase

= without prompting, select counting as a strategy to solve problems...
= use materials or visualize to decompose small numbers into parts...

= find it obvious that when combining or joining collections counting on will
give the same answer as starting at the beginning and counting the group

» make sense of the notion that there are basic facts...
= select either counting on or counting back for subtraction problems...

= can think of addition and subtraction situations in terms of the whole and the
two parts and which is missing

= write number sentences that match how they think about the story line for...
addition and subtraction problems

= realize that repeated addition or skip counting will give the same result as
counting by ones

= realize that if they share a collection into a number of portions by... the
portions must be equal...

= understand that the more portions to be made from a quantity, the smaller the
size of each portion




In this FSiM approach, a grade two teacher, for example, would have received the tracking sheets for his/her students from the grade 1 teacher. In all likelihood, the majority of students would be working within the Quantifying and Partitioning Phases, although there may be some student still working in the Matching Phase or a student possibly working in the Factoring Phase. As this teacher addresses the full slate of mathematical concepts and skills for number and operation as described in the ACC for grade 2, this teacher is constantly using the tracking sheets to plan, monitoring the thinking the students use, and trying to promote the thinking that students have not yet reached. The teacher would try to have all his/her students working in the Partitioning Phase by the end of grade 2. It should be understood, however, that students achieve these key indicators when they spontaneously, without prompting, display the indicated thinking. As well, extra student support in this classroom would be focused on helping those students who are still working in the Matching Phase to progress to the Quantifying Phase and those students who are not making as much progress through the Quantifying Phase as the teacher might like to observe.

In this FSiM developmental framework, there is always something for the all students to undertake to progress their thinking: they are never done. FSiM advocates that “risk” cannot always be linked directly to students’ current achievement. Rather, it refers to the likelihood that their future mathematical progress is “at risk.” For example, if a grade 3 student is still not displaying the key indicators of thinking in the Quantifying Phase, such as spontaneously counting on from the larger, that student’s progress in multiplication is at risk even if he/she can interpret the multiplication sign and solve a multiplication story problem by drawing pictures and counting from the beginning to get answers. The intervention should not focus on the concept of multiplication, rather it should focus on getting the student through the Quantifying Phase.

In FSiM there are tracking sheets for all the Phases in number and operations, measurement, geometry, and data management and probability. This tracking of key indicators of growth in mathematical thinking as the achievement indicators places the mathematics content in the position of being a vehicle to drive the development of mathematical thinking, surely the whole purpose of teaching and learning mathematics.
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[image: image1.png]Tracking Master 5 Ongoing Progress through the Partitioning Phase

Record students’ progress through the key indicators of the Partitioning phase of Number and note the «
from phase to phase.

Partitioning Phase ...
[

Moved from the Quantifying Phase

® can compare whole numbers using their knowledge of the patterns... .....

l| Student Name

make sense of why any whole number can be rewritten as the addition of other
numbers

partition at least two- and three-digit numbers into standard component
parts...

count up and down in tens from starting numbers like 23 or 79

write suitable number sentences for the range of addition and subtraction
situations

use the inverse relationship between addition and subtraction to make a direct
calculation...

can double count in multiplicative situations by representing one group and
counting repetitions of that same group...

= find it obvious that two different-shaped halves from the same size whole must
be the same size

® use successive splits to show that one-half is equivalent to 2 parts in 4... T

® partition a quantity into a number of equal portions to show unit fractions. ..

Moving to the Factoring Phase







