
Student Participation in 
Meaning‐Making and Reasoning

Presenter
Presentation Notes
Welcome to another module of the Mathematical Quality of Instruction (MQI) Instrument.  This module will walk you through the dimension Student Participation in Meaning-Making and Reasoning or SPMMR.  As in other modules, you’ll first get to know the codes of this dimension and then you will be asked to rate some video clips and compare your ratings to those of our research group.



Student Participation 
in Meaning‐Making and Reasoning
This dimension is intended to capture evidence of students’
involvement in doing mathematics. Specifically, we look for:
▫ The extent to which students participate in and contribute to 
meaning‐making through:

Their mathematical explanations
Engage in mathematical reasoning
Ask questions about mathematics 
Engage in challenging tasks

Presenter
Presentation Notes
This dimension is intended to capture evidence of students’ involvement in doing mathematics. Specifically, we are interested in the extent to which students participate in and contribute to meaning-making through their mathematical explanations, mathematical reasoning, questions about mathematics, and engagement in challenging tasks. If we consider the instructional triangle you’ve seen in other modules, this dimension captures what is illustrated here with the red rectangle: how students engage with the content. This diagram also helps us distinguish between this dimension, SPMMR, and the dimension of Working with Students and Mathematics: in Working with Students and Mathematics we focused on how the TEACHER facilitates the student work around the content, while in SPMMR we’re interested in how STUDENTS work with the content. 



Student Participation 
in Meaning‐Making and Reasoning 

• Codes for SPMMR:
▫ Students provide explanations
▫ Student mathematical questioning and reasoning
▫ Enacted task cognitive activation
▫ Overall SPMMR
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Presentation Notes
The Student Participation in Meaning-Making and Reasoning dimension consists of three individual codes as well as an overall code. The first code is intended to capture moments when students provide mathematical explanations. The second code, student mathematical questioning and reasoning, is used to record instances in which students ask a mathematical question that goes beyond requesting a simple clarification or checking the correctness of an answer. This code also captures instances in which students are engaged in mathematical reasoning. The third code: enacted task cognitive activation, captures the level of mathematical work students do on a particular task, for instance mathematical explaining, reasoning, pattern-noticing, and inventing. Finally, like the other dimensions, there is an overall SPMMR code.



Guiding Questions:
• Are students engaged in and participating with the 
mathematics? If so:
▫ Are students, rather than the teacher, doing the mathematical 
work?

▫ What is the level of engagement?

• Are students engaged in challenging mathematical tasks?
▫ Are students engaged in the types of work mathematicians 
would engage in—conjecturing, justifying, pattern‐recognition?

Student Participation 
in Meaning‐Making and Reasoning 

Presenter
Presentation Notes
As you are watching tape and deciding how to rate a segment for the codes of this dimension, you should ask yourself these questions: Are students engaged in and participating with the mathematics in the lesson or is the teacher doing all the work and thinking for them? And, If students are engaged in and participating with the mathematics in the lesson, what is the level of their engagement?To answer these questions, you can look for certain types of evidence, including: the extent to which students are providing mathematical explanationsWhether they are asking mathematically motivated questions, andWhether they are reasoning about the mathematics. You can also consider whether students are engaged in challenging mathematical tasks. By challenging, we do not mean to imply tasks that are hard for a particular grade level; instead, we are referring to tasks that ask students to engage with demanding kinds of work, such as stating and defending their mathematical claims, looking for patterns, making generalizations and conjectures, and working on difficult problems – more or less, the activities in which mathematicians engage.Keep these questions in mind as we go over each specific code. 



• Definition: A student provides an explanation that 
contains “why” and attends to the meaning of the 
mathematics. 
• Notes: 
▫ The explanation can be initiated or co‐constructed by/with 
the teacher. 

▫ The explanation does not have to be complete or correct. 
▫ If the student explanation meets the criteria under 
“richness” explanation, it can be counted in both places. 

Students Provide Explanations

Presenter
Presentation Notes
Let’s start with the first code of this dimension: students provide explanations. This code captures student contributions, written or spoken, that explain “why” or attend to the meaning of the mathematics. These explanations can be elicited by the teacher and completed by one or more students or they can be co-constructed by the students and the teacher. In the latter case, students must be contributing at least fragments of explanations, not just fill-in-the-blank answers. Also, in contrast to the explanations code in the richness dimension, student explanations do not need to be complete, extended, or correct. This is because we’re most interested in the process of providing explanations: in other words, for this code we are interested in the degree to which students are engaged in the activity of providing explanations. If the student explanation meets the criteria under richness explanations, it can be counted in both places.



Students Provide Explanations
• Examples:
▫ Students explain: 

Why a statement or solution is true
Why a procedure works
What an answer means
Why a solution method is suitable or better than another

• Distinguish from: “How to,” recitation of steps (“First I…then 
I…”), or a definition with no explanatory component.
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Now, let’s look at some examples of these explanations: Students explain why a mathematical statement or solution to a problem is true or they explain why a procedure works or what an answer to a problem means. Students explain why a solution method is more suitable or applicable compared to another solution.A clarification is necessary at this point. Often times in mathematics lessons, students are asked to describe the steps of a procedure: for example, they are asked to explain how they multiplied two fractions, or how they turned a percent into a decimal, or how they measured an angle. These activities, although important, do not correspond to what this code is intended to capture. Simply outlining the steps involved in a procedure, how to solve a problem, or carry out an operation does not count as an explanation. Neither does providing a definition when it contains no explanatory component. 



• Low (1): No student explanations
• Mid (2): Explanations that are offered pertain to a specific 
problem/task, or are not generalized to key ideas or 
mathematical concepts

Example: a student explains that 3/4 is larger than 3/5 because the 
denominator in the first fraction is smaller than the denominator in the 
second fraction.

• High (3): The explanation generalizes past specific tasks to 
address key mathematical concepts

Example: a student explains that 3/4 is larger than 3/5 because the 
denominator in the first fraction is smaller than the denominator in the 
second fraction and that fractions with smaller denominators 
correspond to larger pieces.

Students Provide Explanations
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Now let’s discuss how to determine scores for this code. Score a segment as low or 1 if there are no student explanations. As with the explanations code in the richness dimension, you should rate student explanations as a mid or 2 if these explanations pertain to a specific problem or task–in other words, if they’re not generalized to key ideas or mathematical concepts. The explanations may be brief. For example, a student might explain that ¾ is larger than 3/5 because the denominator in the first fraction is smaller than the denominator in the second fraction. Notice here that the student does not move past this particular problem to make a more general statement that when two fractions have the same numerator, the larger fraction is the one with the smaller denominator. If the student’s explanation generalizes past the specific task to address key mathematical ideas, the segment containing this explanation should be rated as high. Let’s again consider the same scenario of comparing ¾ and 3/5. In addition to saying that the denominator in the first fraction is smaller than that of the second fraction, a student might move a step further by clarifying that with a smaller denominator, the whole is partitioned into larger pieces. This explanation is more general than the previous one because it gets at the heart of a key mathematical idea: the meaning of the denominator and how it can be used when comparing fractions with the same numerator. Hence, a segment containing such an explanation should be rated as high. Using the same example, let’s briefly clarify a point we made earlier. If, while comparing ¾ and 3/5, the student simply describes the procedure for finding a common denominator for the two fractions in order to compare the numerators, and then decides which of the two is the largest, the student work should be scored as low: in this version of the scenario, there is no student explanation: the student simply describes the steps of a procedure for comparing two fractions without attending to its meaning. 



• Definition: Students ask a mathematical question and/or express a 
mathematical thought other than providing an explanation. 
• Note: Students’ contributions do not have to be complete or correct.
• Examples:

▫ Mathematically motivated questions: “Why does this rule work?”, “What about 
when x is zero?”

▫ Counter‐claims and reasoning: “I don’t think Jai’s method works because…”
▫ Conjectures: “The parabola keeps getting skinnier every time we increase the 

coefficient.”

• Distinguish from: explanations; questions that are not about 
mathematics (e.g., “Can we do this in our head?”); clarification 
questions (e.g., “Do you put the 4 here or here?”); simple negations 
without evidence given by the student (e.g., “No, he’s wrong.”)

Student Mathematical 
Questioning and Reasoning

Presenter
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The second code of this dimension: student mathematical questioning and reasoning is designed to capture cases in which students engage in reasoning and participate in the construction of mathematical meaning without necessarily offering explanations. As with the previous code, we’re not looking at students’ contributions as a final product– rather, we’re focusing on the process, the activity, of student engagement with the content. Consequently, we’re not concerned if students’ contributions are incomplete or incorrect. First of all, we’re interested in the degree to which students ask mathematically motivated questions. We emphasize the term mathematically, because the questions that students ask need to be about mathematics; not every single question counts for this code. For instance, imagine a teacher presenting the rule of inverting the second fraction and multiplying when dividing fractions or explaining that when you multiply by ten you can simply add a zero at the end. A mathematically motivated question would be to ask why these rules work. Also consider a situation in which the class is discussing division, and then a student wonders what would happen when the divisor is zero. Both questions are mathematically motivated: they are examples of students wondering aloud about mathematical issues. Another instance of the activity captured by this code is when students make counter-claims and engage in reasoning. Here, we’re not interested in whether students simply disagree with the ideas offered by their classmates or even the teacher by saying “he’s wrong” or “the answer is 4, not 3.” We’re interested in whether students move a step further and justify why they disagree, often by offering a mathematical reason. For example, say that a class is working on finding the area of parallelograms. Jai proposes that to find this area, you can use the formula base multiplied by the height, as they did when finding the area of rectangles. Jessie disagrees, by arguing that this method does not work because parallelograms “are tilted” and rectangles are not. Jessie’s counter-claim should be captured under this code, because Jessie is not simply negating Jai’s contribution– he’s also offering a reason for why he thinks Jai’s method doesn’t work.  Notice, here, that Jessie’s counter-claim is, in fact, wrong. However, as we’ve clarified before, it still counts because students’ mathematical reasoning does not have to be correct. Another clarification is also needed here: for the particular case when students offer counter-claims and justify their thinking, you can use both this code and the student explanation code to capture the student contribution. Another example of student activity that is captured under the student mathematical questioning and reasoning code is when students make conjectures. For example, the class might be working on sketching two parabolas, one in which the coefficient in y=ax^2 is 4, and another in which it is 7. After sketching both parabolas, a student conjectures that as the coefficient increases, the parabola keeps getting skinnier. Other examples of student mathematical questioning and reasoning involve students forming conclusions based on patterns they identify or students engaging in reasoning about a hypothetical or general case. For example, a student might conclude that because the sum of the angles of any triangle is 180 degrees, a triangle cannot have two obtuse angles or that a triangle should have at least two acute angles. There are other examples of student mathematical questioning and reasoning that we could not discuss due to length. Please consult the MQI document for this list. It is important to note that there are several student contributions that do NOT count under this code. For instance, capture student explanations under explanations. Also, do not use this code if students are asking questions unrelated to the mathematical content, for example, “can we do this in our head? Can we use our calculators?” Similarly, do not use this code if students ask clarifying questions, such as, “should I add or subtract? What should I do after multiplying? Should I put the 4 here or here?” 



• Low (1): No student questions or reasoning utterances
• Mid (2): One or two student questions or reasoning 
utterances
• High (3): Three or more student questions or reasoning 
utterances

Student Mathematical 
Questioning and Reasoning
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We record scores for this code using the frequency of occurrences of the behaviors we previously discussed. Low scores should be assigned to segments with no student questioning or reasoning.If the segment contains only one or two instances of activities captured by this code or even more than one instance of the same activity–say, two instances of students asking mathematically motivated questions—you should rate the segment as mid or 2.If the segment contains three or more of such instances, you should assign score of high or 3.



Enacted Task Cognitive Activation
• Definition: The amount of mathematical invention, explanation, 
connection‐forging, and so on, that students do.
• Notes: 
▫ Student confusion does not necessarily suggest that students are 
engaging with the content at a high cognitive level. 

▫ Working on review tasks/ideas does not necessarily mean that students 
are using lower order thinking skills.

• Distinguish from:
▫ The difficulty of the task itself

E.g., Do NOT use this code to note that integers are difficult for third graders
▫ General student engagement and motivation
▫ The task as stated (code enactment)
▫ Poorly posed tasks and resultant student muddling should be coded as low 

(unsystematic exploration)
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Now let’s consider enacted task cognitive activation. This code captures the amount of mathematical inventing, explaining, connection-forging and so on that students do. One key idea to keep in mind is that student confusion does not necessarily suggest students are working on high-level tasks. Students may be confused because of a poorly posed problem or simply because the material is difficult. Likewise, working on review tasks does not necessarily imply that the segment should be rated as low. In some cases, for instance, teachers mix review tasks with more cognitively activating material. Also, although a task might be intended for a review activity, it might actually be enacted at a much higher level during instruction.  As this suggests, you will need to distinguish this code from several other features of student work. Importantly, this code is not used to record the difficulty of the task itself. For instance, if a third grade teacher were to give a presentation on adding negative numbers, you might be tempted to use this code to note that operations with integers are difficult for third graders. However, because the teacher was not involving students in the building of mathematical ideas, it would be rated as “low.” Similarly, an investigation might be too hard for students, and, consequently, be enacted as an unproductive exploration, simply because students are not capable of making any real progress on it. Hence, although the task was a difficult one, its enactment might be rated as low. Another key distinction is between enacted task cognitive activation and general student engagement and motivation around the task. We’re not talking about student engagement in the sense of student enthusiasm, emotional engagement or prosocial behavior; we’re talking about the depth of the mathematical work they are doing. Yet another key distinction is between the task as stated by the teacher and as enacted by the students. This is sometimes a tricky distinction to make, but what we’re trying to say is that you want to watch what students are actually doing, not what the teacher tells them to do: this code captures the enacted activation, not the activation planned by the teacher or envisioned by the curriculum materials. For example, students might be asked-either by the materials or the teacher- to provide explanations, to look for patterns, or to make conjectures. Yet, while working on the task, the students might engage in none of those activities and restrict themselves to simply reproducing known facts or applying known procedures. In such a case, the task should be rated as low for its enacted cognitive activation. And again, segments containing poorly posed tasks, tasks without a mathematical point, and resultant student muddling should be coded as low. 



Enacted Task Cognitive Activation

▫ Low (1): 
Recalling/applying well established procedures, facts, rules, or 
formulas; OR
Applying procedures without attention to meaning; OR
Listening to a teacher with little student input; OR
Unsystematic exploration (i.e., task that is assigned results in 
some student mathematical work, but that work does not 
develop toward an overall mathematical point or goal) 
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You should rate a segment as low when students are simply recalling or applying well-established procedures, facts, rules, or formulas. This most obviously happens when a teacher presents procedures or facts, then has students practice. It may also happen during “morning math” or “problem of the day” or other types of instruction where it is clear students are meant to practice previously-learned procedures. Finally, it may also happen during review lessons, when the teacher indicates that he or she is going over or has assigned material previously learned. This list of possibilities is not all-inclusive, but instead is intended to give you a sense for when this rating is typically applied. You may also assign a low rating when students are listening to teachers presenting mathematical content without themselves participating in the development of that content by asking mathematical questions, supplying explanations, or reasoning. This often happens in what’s called a “inquiry-response-evaluation” format, in which the teacher asks a question, students respond with a very short answer such as “four” or “you add,” and the teacher evaluates their response. Finally, you may also rate the segment as low when there is evidence of unsystematic exploration – that is, the task that is assigned leads to some student mathematical work, but that work does not develop toward an overall mathematical point or goal. An example would be a task that is so poorly-posed that students cannot make sense of what they are supposed to be doing. For example, a teacher may hand students bags containing red and blue chips, then say “Draw some out and then find out how many red chips in the bag. But don’t look.” Because of how the task was posed, the students spend most of the lesson without making any real progress in developing ideas about probability, which was actually the intended curriculum for this task. It may also be a task that is relatively clear but lacks a mathematical point.  Here’s an example of that type of unsystematic exploration: let’s say a seventh grade teacher asks students to use the digits 1, 3, 5, and 7 and addition, subtraction, multiplication, and division to make the numbers between 20 and 36, inclusive. At this grade level, this activity would not have been used to practice basic facts; however, the goal of the activity was neither made clear to students at the outset of the lesson nor developed in the course of their work. Students do manage to use these numbers and operations to make the numbers between 20 and 36 inclusive, but their exploration was unsystematic and random. Students failed to make systematic and sustained progress in developing mathematical strategies or understanding; the activity does not get at any larger mathematical idea or even a strategy for finding all possibilities. 



Enacted Task Cognitive Activation

• High (3): Students make conjectures; look for patterns; 
make connections and attend to meaning of concepts, 
processes or relationships; explain and justify

• Mid (2): Mix of high and low features. Includes cases 
where task starts high then teacher devolves; change in 
task level mid‐segment; students working on same task at 
different level; direct instruction with some student 
involvement.
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Let’s switch to considering segments containing tasks that should be scored as high. In this case, we are looking for evidence that students are engaged in work similar to that in which mathematicians would engage: making conjectures; looking for patterns; making connections and attending to the meaning of concepts, processes, or relationships; and  explaining and justifying their mathematical ideas. This can take place in several forms during classroom work: as part of a whole-class discussion in which key mathematical ideas are considered and debated; as students grapple with tasks that go beyond what the teacher has shown them how to do; as students work on tasks that have no clear solution path; or as students work on tasks during which the teacher asks them to attend to patterns, predict outcomes, or make generalizations from mathematical behavior they observe. How about a mid rating, then? A segment that is scored as mid contains a mix of low and high elements. This can occur when the teacher launches a task at a high level, but then devolves that task by giving the class hints.  It can also occur when there is a change in task level mid-segment – for instance, wrapping up a review of old material and the launch of a discussion about new ideas. It also can occur when there’s evidence that students are working on the same task but at different levels– some students may be generating data from a known function, which is a low level task, while others may have moved onto making a prediction or generalization from the data. Finally, it might occur during a period of direct instruction where there are occasional instances of students asking mathematical questions, providing explanations, or reasoning. 



Overall SPMMR

• Definition: This code captures evidence of students’ 
involvement in cognitively activating classroom work and 
the extent to which students participate in and contribute to 
meaning‐making and reasoning. Do students contribute to 
the building of mathematical ideas or are they merely 
receiving knowledge?
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Now that we’ve discussed the three individual codes for this dimension, let’s look at the overall code. This code captures evidence of students’ involvement in cognitively activating work and the extent to which students participate in and contribute to meaning-making and reasoning. When rating a segment for this code, it is often useful to ask yourself: What are the students doing in this segment? Are they merely listening to the teacher presenting the content or are they contributing to the building of mathematical ideas?



Overall SPMMR
• Low (1): 
▫ Few or no examples of students engaging in SPMMR explanation, 
questioning, reasoning; OR 

▫ Tasks are largely procedural in nature; OR
▫ Unproductive explorations in which students are off‐track, mathematically 

• High (3): 
▫ Students contribute substantially to building the mathematics and such 
contributions are a major feature of the segment; OR 

▫ Students engage in extended work on a challenging task

• Mid (2): 
▫ Students engage with content at mixed level (e.g., students may provide 
substantive explanations or ask mathematically motivated questions, but 
these are limited to isolated instances) 

▫ May also include tasks with variable enactment (high and low during 
segment)
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You should rate a segment as low, if there are few or no examples of students engaging in SPMMR activities. Also, rate a segment as low if students are engaged in tasks that are largely procedural in nature or to capture unsystematic explorations in which the majority of the students are mathematically off-track. Let’s for a moment skip mid and move to high. You should assign a high score if students contribute substantially to the building of mathematical ideas through posing questions, offering explanations, looking for patterns, making conjectures, and engaging in reasoning. Such contributions should be the major feature of the segment; there should be many such student contributions or if they are only a few, they should be extended. Also, if the students are asked to work on a challenging task, the segment should include extended work on this task and sufficient evidence to suggest that the students have worked on the task at a high level. Now that we have covered low and high, let’s return to mid: you should rate a segment as mid if students engage with the content at mixed level. For example, students may provide substantive explanations or ask mathematically motivated questions, but these behaviors occur only occasionally in the segment. You can also assign a mid rating if the segment includes tasks with variable enactment for whatever reason: for example, the task started as high, but then the teacher intervened and did most of the thinking for students; or the task included some parts that were simply asking students to reproduce well-known facts and procedures and some parts that were more challenging and demanding. 



Distinguishing SPMMR from Richness
• Example: Teacher asks students to solve 10 integer addition 
problems using colored chips
▫ 5 problems involve adding with same sign, 5 problems involve 
adding with different signs

▫ Students complete this work using number lines or 
manipulatives, then put answers on the board

• Scenario 1: Teacher A describes the pattern in the answer, 
then makes a mathematical generalization
• Scenario 2: Teacher B asks students to look for patterns; takes 
up student idea
• BOTH segments rated high for richness
▫ But only second segment rated high for SPMMR
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Let’s take a moment to think about a critical distinction within the MQI instrument: the difference between SPMMR and richness.Richness and SPMMR are intended to capture different things. In overall richness, we’re interested in the richness of the mathematics in which students are immersed, and we aren’t looking at what students are actually doing. In SPMMR, we are looking at the student activity and engagement with the content. To further clarify this distinction, let’s discuss two scenarios: In both scenarios, the class works on integer addition. The teacher begins by reviewing how to use colored chips to solve integer addition problems and then assigns 5 problems involving adding integers with the same sign followed by 5 problems involving adding integers with different signs. Students complete this work using number lines or manipulatives, then put their answers on the board.In the first scenario, teacher A takes this data and does all the work and thinking for the students: She describes in detail the pattern for the like and unlike groups of problems, and then makes a complete mathematical generalization from the examples on the board. In the second scenario: teacher B asks students to look for patterns across and within the two groups of additions. One student hypothesizes that “when the numbers are the same, you just add them together.” The teacher challenges the group to take the student's idea and build from it. Another student explains that “when adding similar-sign integers is just like adding chips of the same color: so you get more and more chips.” Another student adds, “when adding different-sign integers, you first make zero sums; so, you’re left with fewer chips than the total you started with.”BOTH segments would be rated high for richness; both contain nicely developed generalizations. However, only the second segment would be rated as high for SPMMR. 



• Student meaning‐making and reasoning can be observed in 
different situations such as:
▫ During active instructional segments, this mainly occurs through 
student mathematical statements: reasoning, explanations, question‐
asking. 

▫ During student work time, this mainly occurs through work on a non‐
routine task. 

Notes on SPMMR

Presenter
Presentation Notes
One more important thing to note about this dimension is that student meaning-making and reasoning can be observed in different types of situations:Typically, active instruction segments are easier to assign a rating to because you can more easily decide about the activities in which students engage, and more critically, the characteristics of their contributions: are students providing explanations? Are they asking mathematically motivated questions? Are they engaged in reasoning  and conjecturing? Segments involving student work time are often harder to assign a rating to, because, in many cases, there is not clear evidence about students’ participation in meaning making and reasoning: simply put, we cannot get inside students’ heads to see what they’re thinking; nor can we ask them to tell us how they’re working on the task. In these cases, you need ask yourself: Is the task non-routine and demanding? Do the students seem to be engaged with this task? How? Can you draw any inferences about the level of student engagement and thinking in this segment based on students’ sharing and discussing their work in subsequent segments?  



Examples (Score for all 4 codes)

• Myles: Least Common Multiple 
• Myles: Non‐Linear Equations
• Noel: Right Angles
• Karen: Tourist Problem
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So now that you have gone through the codes of this dimension, you will watch and score four example video clips.  For each clip, assign four ratings: one for each of the individual codes and one for the overall code.  You can watch each clip as many times as you feel is necessary.



Myles: Least Common Multiple
• 8th grade
• Connected Mathematics
• Beginning of the lesson; instruction focuses on the least 
common multiple and its application to solving algebraic 
equations 
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We start with a clip from a lesson given by an 8th grade teacher who we call Myles.Like several other teachers we’ve seen before, Myles is teaching a unit from the Connected Mathematics project curriculum.The clip we’re going to watch is from the beginning of a lesson and instruction focuses on finding the least common multiple and then applying this procedure to solving algebraic equations. 



Myles: Least Common Multiple: Video
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Myles:	So, one trick I may have shown you last year, maybe not, but it’s a big deal.  A trick about finding the least common multiple, and I’m going to pick three numbers.  Just watch this.  I’m going to pick three numbers.  I’m going to say 6, 9 and 10.  So if I want to find the least common multiple of 6, 9 and 10, and you guys know when we want to clear fractions out of an equation multiply through by the least common multiple and that will simplify away all those denominators.  We’ve talked about that a whole bunch, but I want to show you something.  Another way of thinking about the least common multiple of 6, 9 and 10 is the smallest number that’s divisible by 6, 9 and 10.  If I use prime factorization for this – watch this closely – for 6, that’s 2 x 3, right?  Just watch this.  Nine is 3 x 3, right?  But we already have a 3.  Do you see a 9 in this multiplication problem now? Student: Yeah. Myles:	For a 10, that’s 2 x 5.  Already have the 2 x 5, so 6 x 15. Student: Seventy-five. Myles:	Exactly.  Ninety, so the least common multiple of 6, 9 and 10 is going to be 90, so you can use prime factorization.  Let me give you three more numbers.  What if I said 12, 8 and let’s go 10 again?  You know 10 is 2 x 5.  What do we need to get an 8 in there?   Student: 2 x 4. Myles:	2 x 4, so let’s use all prime numbers. Student: 2 x 2 x 2. Myles:	Okay, but we already have one 2, right?  So 2 x 2.  Now to get the 12 in there… Student: Times 3. Myles:	Times 3, right?  4 x 3.  We already have the 4 x 3 and then that will give us the smallest possible number, the least common multiple of 12, 8 and 10.  So basically you’re just building a number that’s divisible by 12, 8 and 10.  That’s going to come up, and when we’ve been solving equations, when we’ve been multiplying through to get rid of fractions, we’ve been having to use least common multiple to simplify away those denominators, correct?  So here is the deal.  Watch how this is going to work.  I’m going to show you a couple problems now, and then about 15 minutes after that I want to look at some problem solving that we’re going to do with equations using fractions.  Are you all on that page?  Because I want to look at 17 really quick.  Just at first glance, how does that equation look to you? Students: [Various answers.] Myles:	Okay.  I heard easy, I heard icky, I heard…okay.   Students: [Various answers.] Student: Fractiony.   Myles:	Fractiony, and this is for you guys, and [he writes and says (n+3)/3-n/4=(n-2)/5].  What are we going to multiply through to get rid of the denominators? Student: By the least common multiple, which is 3 x 2 x 2 x 5. Myles:	Okay, so is that going to be it?  3 x 2 x 2 x 5, which is going to be what? Student: 6 x 10. Myles:	6 x 10.  We’re going to multiply through by 60.  Now at this point it’s really not much new to you, right?  So if we look at this and I’m…do you notice I’m not saying cancel?  I’m saying simplify.  If I simplify this 60 and this 3, what’s that’s going to come down to be? Student: Twenty. Myles:	Twenty.  So we’re going to have 20 x n + 3.  If we simplify the 60 and the 4. Student: Fifteen? Myles:	Fifteen.  What kind of a 15. Students: Negative 15. Myles:	Negative 15.  So we’re going to have a -15, and then please don’t forget the other side of the equation.  So if we simplify 60 and 5… Students: Twelve. Myles:	Good.  Twelve times n-2.  All right, and you guys can take it from there.  We don’t need to worry about the rest of that, right? 




How would you score this clip for:

• Students provide explanations 
• Student questioning and reasoning 
• Enacted task cognitive activation 
• Overall SPMMR 

• Take a moment to write down your scores before moving on 
to our answers…

Presenter
Presentation Notes
Now that you have watched the video clip, please stop the presentation and record your thoughts and scores for each code.



Myles: Least Common Multiple: Answers
• Students provide explanations: 1
▫ none
• Student questioning and reasoning: 1
▫ none
• Enacted task cognitive activation: 1
▫ students listen to the teacher delivering instruction
• Overall SPMMR: 1
• Note: 
▫ When he says “please don’t forget the other side of the 
equation” this could be counted as remediating‐in‐advance 
under the Working with Students dimension. 

Presenter
Presentation Notes
We assign a low score for students provide explanations simply because there were no student explanations in the clip. We also assign a low score for student questioning and reasoning for the same reason: there were no student questions or instances of mathematical reasoning. We rate this clip as low for enacted task cognitive activation, as well. This is because students are simply listening to the teacher delivering instruction and they’re not engaged in any of the cognitively demanding activities we’ve discussed in this module. Students do participate, but their responses are limited to short answers to direct questions. Given our ratings for each of the individual codes, assigning a score for the overall code was quite straightforward: the clip gets a 1 for overall SPMMR, given that there was no evidence of student participation in meaning-making and reasoning in the clip. Two remarks are in order here before moving on to the next clip: First, when the teacher says “please don’t forget the other side of the equation,” the teacher actually engages in proactive remediation: he remediates in advance, a behavior that is captured under the Working with Students and Mathematics dimension. Second, although this clip gets an 1 for the overall SPMMR code, the same clip could get a higher score for richness–so this clip clearly shows that the ratings for overall richness and overall SPMMR need not be the same. 



Myles: Non‐Linear Equations

• 8th grade
• Connected Math Project curriculum (Growing, 
Growing, Growing)
• Class considers the point of intersection of two non‐
linear equations: 
▫ y = 50(2.2)x

▫ y =350(1.7)x

Presenter
Presentation Notes
This clip is also from a lesson taught by Myles. In this clip, Myles is teaching a lesson from Growing, Growing, Growing, a CMP unit focusing on exponential growth. At the point we step into the classroom, the students are considering the point of intersection of the two non-linear equations shown here.



Myles: Non‐Linear Equations: Video

Presenter
Presentation Notes
Myles: Here’s our two equations, and now what you’re asked on C and D on Number 8 is to tell whether the graphs of these two equations are going to intersect.  Yeah, we could make the graphs; yeah, we could punch ‘em in the graphing calculator; we could see if they intersect.  But just looking at the equations, and looking what you know about initial value, growth factor; all that kind of stuff.  Would it appear that these two graphs will intersect? Students: Yeah. Yes. Myles: Give me a reason why.  All right, Jade. Jade:	Okay, on the first one, the y equals 50, the y intercept would be 50 and that would be lower than the y intercept on the other one which would be 350, but the y intercept at 350 – I mean the growth factor, is slower. Myles:	For which one? Student: For the second one; it’s slower than the first one, so the first one would catch up and to the second one, I guess. Student: Wait, wait.  They would only intersect if they had the same growth factor. Student: Yeah. Myles:	But since this growth factor is faster?  All right, so let me graph this.  So let’s say the first graph is going to look like something like that. Student: Yeah. And the second graph is gonna go [sound]. Myles:	Like what?  It’s not going to grow as quickly? Student: Okay. Myles:	Okay.  So, yeah.  So they’ve got to intersect somewhere, right? Student: Yeah, but if they had the same growth factor… wait. Maybe intercept. Student: No, if they had the same growth factor, then they’d be the same slope. Student: That’s true. Myles:	Yes, we’ve got to be careful using the word ‘slope’ because we use slope to represent linear relationships.  Now what’s the slope of a curve – that’s something we’ll get into in calculus, right?  So there has to be a point.  Now, Emma, you estimated that it’s between our x is 1 and x is 2?   Emma: No. Myles:	No?   Student: No, well I had it, but I don’t... Myles:	You don’t think so?  I just drew this, I mean, don’t – I’m just drawing this.  All this graph says is the y intercept, and this is a slower growth; this one here is a slower growth than the, the 2.2.  That’s all it says.  What’s that? Student: I think I got a good estimate. Myles:	All right.   Student: It’s 4 and then… Myles:	What’s 4? Student: The x. Myles:	You’re going to say x is 4? Student: Yeah. ‘Cause in year 4 is when they first …collide, I guess. Myles:	According to the tables? Student: Yes. Myles:	Okay.   Student: Yeah.  According to the tables.  And then, I think at around, um, ten, er ten, er sorry. One thousand elevenish. Myles:	What do you have Year 4 for the…[taps board] Student: First equation?  Myles:	For the second equation?  What do you have for Year 4 on that one? Student: Oh, 2009.3. Myles:	And then Year 4 on the first one? Student: 1171. Myles:	Right. So those are pretty different, right.   Student: Wait.  I was looking at 3 as 4. Myles:	Oh, I see what you’re saying.  Okay.  You were looking at 3, Year 3 in the second table, and Year 4 on the first.  Okay.  So, I don’t know.  Year 5?  Are they going to intersect in the first 5 years?  Student: Yeah. Myles:	Well, let’s see.  In the first table . . . Student: No, they’re not, because all of the first table – wait, yes they are.  Because the 5th year is higher than the 5th year on table 2.  So therefore they are going to intersect in 4 to 5 years. Myles:	What is your 5th year in table 1? Student: My 5th year? Myles:	Yes, what’s your y value in your 5th year for table 1? Student: 49,000.  For table 1?  58,000.   Myles:	For this graph, this equation right here?  58,000?  All right, let’s slow it down.  All right, I’ve got to erase my beautiful snub drawing here.  All right, let’s see what we’ve got.  So let’s see.  All right, what have we got?  Let’s just hash it all out here.  So Year 0, we have 50 and 350.   Students: Yeah. Myles:	Okay.  Year 1? Student: 110 and 595. Myles:	Okay. Year 2?  242.   Student: And 1011. Myles:	Okay 10-11.  Year 3? Student: 1171. Myles:	For Year 3? Student: Sorry.  532. Myles:	532.  We have 17-19 here? Student: Yeah. Myles:	Okay.   Student: Year 4 – 11-71. Myles:	Year 4 – 11-71 for the first equation? Student: Yes. Myles:	And then what do you have for the second one? Student: 29-23. Myles:	11-71; 29-23.  And then you have 25-76 here? Student: Yeah. Myles:	[Writes 4969 on board for year 5 for second equation.]  Student: So according to that [inaudible]. Student: I’m way off. Myles:	So are they going to intersect in the first 5 years?   Student: No. Myles:	Right?  Tell me why? Student: Because they don’t ever … they just don’t.  The numbers… Student: ‘Cause the bottom equation… yeah. Myles:	Right.  Okay.  These values are all – the dependent variable values on the bottom equation are all bigger than this one here.  Are they catching up? Student: Yeah.  Student: Well, let’s see.  It’s like, it’s like the first one is like a seventh of it. Myles:	Right. Student: And in the second year, it’s close to like a fifth of it. Myles:	Right. Student: And then it’s close to, like a little bit less than a fifth.  So yeah, it is going to catch up eventually. Myles:	Yeah.  And if this were 100 and this were 600, this would be a sixth. Student: Yes. Myles:	So it does like they’re coming closer; they’re getting closer, okay? Student: I think it’s going to be Year 6. Myles:	Year 6? Students: No. Student: I thought that you mean…  Students: No. Student: Probably between 8 and 12. Myles:	Between 8 and 12? Student: Well, that’s a half.  Student: That’s a big… Student: Yeah, that’s about a half.




How would you score this clip for:

• Students provide explanations 
• Student questioning and reasoning 
• Enacted task cognitive activation 
• Overall SPMMR 

• Take a moment to write down your scores before moving on 
to our answers…

Presenter
Presentation Notes
Now that you have watched the video clip, please stop the presentation and record your thoughts and scores for each code.



• Students provide explanations: 2
▫ Jade’s explanation pertain to a specific problem
• Student questioning and reasoning: 3
▫ First counter‐claim: “They would only intersect if they had 
the same growth factor”; second counter‐claim: “If they had 
the same growth factor, then they’d be the same 
‘slope’”….additional throughout

• Enacted task cognitive activation: 3
▫ Pattern noticing; making and justifying predictions, offering 
explanations 

• Overall: 3

Myles: Non‐Linear Equations: Answers

Presenter
Presentation Notes
We rate this clip as 2 for students provide explanations because the explanations provided in this clip pertain to a specific problem. For example, responding to the teacher’s question about how one can determine whether the two curves intersect, one student, Jade, says that the growth factor in the first equation is slower than that in the second equation; and because the intercept of the first equation is smaller than that of the second, the first graph will “catch up to the second.”   We rate this clip as high for student questioning and reasoning. This is because we identified more than two instances of the activities captured under this code. For example, we have a sequence of claims and counter-claims about whether the two graphs intersect: a student says that they would not intersect and supports his claim by pointing out that the graphs would only intersect if they had the same growth factor. Another student disagrees and argues that if they had the same growth factor, they’d have the same “slope.” There is also student conjecturing in the clip. For instance, toward the end of the clip, we see a student making observations about the y-values in the two tables and concluding that the two graphs are probably intersecting between the 4th and the 5th year. We also rate the clip as high for enacted task cognitive activation. This is because students engage in several activities that fall under this code: they notice patterns, especially toward the end of the clip; they make and justify predictions; they offer explanations, and they offer claims and counter-claims and support them with mathematical justifications. Based on our ratings for the individual codes, we also rate this clip as high for overall SPMMR. We assign this rating because throughout the clip, students participate significantly in reasoning and in meaning-making through the activities we’ve just discussed. 



Noel: Right Angles

• 3rd grade
• In a previous lesson, the class discussed different cube 
attributes 
• In this lesson, a student offers another attribute: “a 
cube has 24 angles”

Presenter
Presentation Notes
The third clip we’re going to watch comes from a 3rd grade class.In a previous lesson, the students were given wooden cubes and were asked to generate the characteristics of a cube. Students proposed different such attributes and in this lesson, the teacher, who call Noel, asks the students to recall these attributes. During this review activity, a student offers another attribute: a cube has 24 angles. We step into the classroom at the point this idea is proposed. 



Noel: Right Angles: Video

Presenter
Presentation Notes
SN: It has– I'm counting right angles, twenty-four. Noel: Twenty-four right angles.  Okay would you agree with that? SS: No. Noel: See if you can pick up one of your shapes just look, remember you’re just looking at one cube, okay?  See if we can figure out how many right angles there are.  There might even be a better way than counting–looking for a pattern. Noel: Samuel. SN: Twenty-four right angles. Noel: You think-you would agree there is twenty-four, okay.  Allen? SN: I would agree that there was twenty-four and I found that out by since the definition of square is four right angles for the square so then all-  Noel: Uh-huh.  Excuse me a minute, put your shapes down please. SN: then all you then multiply four times the number of faces on the cube so that will equal six faces and then you multiply that together that equals 24 right angles. Noel: Okay so you think you thought about it as being six faces and earlier today we looked up the definition and so now know the definition for square is four right angles and since there are six of those on the cube six times four would be twenty-four, okay.  Jasper. SN: I disagree because- because if you do it that way each face always one of the right angles will form another, one part of another square so it’s like you can’t count one layer or something, so you just have to count the top and the bottom so that four on the top and four on the bottom, so four times two is eight so I’m pretty sure it’s eight okay?  Eight right angles. Noel: Okay.  Alex. SN: I think it’s twelve because there are twelve edges and edges are ninety degrees. Noel: Okay.  Howard. SN: There are twelve because like, on the cube… if you count four on one layer then that means like this one on another face would be used- is already used so you can’t count that, and Jasper forgot to count the sides so it- the sides are- is four so it’s twelve. Noel: Okay. SN: No, you overlapped it already. Noel: John, thank you. Noel: Okay, if I draw one square okay that would be the face of one of the sides of the cube.  I’m going to draw another square attached to that now when you draw oops I didn’t do that very well.  When you draw a three dimensional shape it has to be at an angle okay, but what I’m going to do is I’m going to take this square and I’m just going to flatten this square out so it’s the same as that, okay?  Where is the right angle?  Akshea? SN: Well, um.. Noel: Come up here and… SN: It’s right here, here, here, here, here, here, here, and here. Noel: Okay so right there is one right angle, okay?  On this side we have another right angle, another one and another one there, okay, so for a square it’s got four right angles, right?  This square also has to have four right angles so on this side there’s the right angles, okay?  So every square that’s on there has to have how many right angles? SS: Four. Noel: Four, so you want to re-think your statement? SN: Yeah.




How would you score this clip for:

• Students provide explanations 
• Student questioning and reasoning 
• Enacted task cognitive activation 
• Overall SPMMR 

• Take a moment to write down your scores before moving on 
to our answers…

Presenter
Presentation Notes
Now that you have watched the video clip, please stop the presentation and record your thoughts and scores for each code.



• Students provide explanations: 3
▫ Global explanations, not for particular cubes
• Student questioning and reasoning: 3 
▫ Several: initial conjecture; justification by another student; 
counter‐claim and justification by another pair of students

• Enacted task cognitive activation: 3
▫ Looking for patterns, making and justifying conjectures, 
offering explanations

• Overall: 3

Noel: Right Angles: Answers

Presenter
Presentation Notes
We assign a high score for students provide explanations, because the explanations offered in the clip are general--they apply to every single cube. For example, Allen explains that a cube has 24 angles, because it has six faces and every face has the shape of a square. And because each square has four right angles, 4 * 6=24 right angles. We rate the clip as high for student questioning and reasoning. What we see in this clip is actually a sequence of claims and counterclaims: we start with the initial conjecture that a cube has 24 right angles. This is followed  by Allen’s justification why this is the case; and we have Alex and Howard’s claims and counter-claims, just to name a few. There are more than two instances of the activities captured under this code–hence, our score of 3.We rate the clip as 3 for enacted task cognitive activation, because in this clip we see students systematically participating in meaning-making and reasoning: they look for patterns, they make and justify conjectures, and they offer explanations. In fact, the level of student participation in meaning-making and reasoning in this clip is quite remarkable. Given our ratings in the individual codes, we also assign a score of 3 for the overall code. 



Karen: Tourist Problem

• 5th grade
• Students have worked on this problem for about 30 minutes 
at their desks: “There were 54 tourists in a group. The women 
are twice as many as the men, and the children are three 
times as many as the men. How many women, men, and 
children were there?”
• Teacher scaffolds their work without providing answers; 
students come up with different solution approaches and the 
teacher asks one student to share her solution. 

Presenter
Presentation Notes
The last clip we’re going to watch comes from a 5th grade class.In the lesson this clip comes from, students were asked to work on the following problem: “There were 54 tourists in a group. The women are twice as many as the men, and the children are three times as many as the men. How many women, men, and children were there?”They were given about half an hour to work on this problem. During that time, the teacher, who we call Karen, was circulating in the classroom and was scaffolding student work without providing any answers. The students came up with different solution methods, and the teacher asked one of them to share her work. The clip starts with this student sharing her solution method on the overhead. 



Karen: Tourist Problem: Video

Presenter
Presentation Notes
Karen:	 You need to show them, okay?  While you're talking. Student: So, there's sixty-four people. Karen:	 Fifty-four, honey. Student: Whoops!  Okay, so Karen:	 There's some men- Student: There's men, women and children.  So there's twice as many woman as men, so I just write two and one.  And there's three times as many children as men, so I just write three. Karen:	 Okay, so you've got a ratio there, three, two to one. Student: So, if you add these together that's six.  So I divided fifty-four by six and that gave me-	Karen:	 What did that tell you? Student: It tells me how many like groups? Karen:	The six tells you how many groups.  I mean the quotient.  What does that quotient tell you? Karen:	 In other words, where are you going to put the nine now that you've got it? Student: Now that I see-now I'm gonna times it by what I have here.   Karen:	 Okay. Student: Nine times one equals nine.  So now there's nine men. Karen:	 So write the label please. Student: Okay, so there's nine men. And I times nine, I do nine times two and that's eighteen.  So there's eighteen women.  I times nine times three and I get twenty seven.  So there's twenty seven children.  And if you add them together- Karen:	 Good job, checking in the end. Student: There's nine plus eight is seventeen, plus seven is fourteen Karen:	 Nine and eight is seventeen and seven more is. Student: Oh, twenty-four.  Two plus one plus- Karen:	 Where is the two plus one? Student: Twenty plus ten, plus twenty is fifty and that's fifty-four. Karen: Very good!  Did somebody do this a different way?  Okay Mark, come show us.  You had to do the same operations, didn't you?  But it was a different way- Student: We guessed and checked. Karen:	You guessed and checked?  But then I saw you using X's.  Right?  Do you want your paper?  Go with him, Miles.  Together you can tell us what you did.   Student: First we guessed that men equals seven and then women equals fourteen and children equals twenty one.  We added it together and realized that that was too small, so we knew it had to be higher than seven.  Then we guessed ten and twenty, and thirty and it was too much, so we knew it had to be in the middle, so we guessed eight.   Karen:	 Two times.   Student: That was too low, so then we guessed nine.   Karen:	Then you knew the answer and all you had to do was check, huh? Student: Yup. Karen:	 Okay, let's see. Karen:	 Add that again, kiddo. Student: We got fifty-four. Karen:	 Excellent.  You can do it by guessing and checking, takes a little bit longer.  Anybody do it another way?




How would you score this clip for:

• Students provide explanations 
• Student questioning and reasoning 
• Enacted task cognitive activation 
• Overall SPMMR 

• Take a moment to write down your scores before moving on 
to our answers…

Presenter
Presentation Notes
Now that you have watched the video clip, please stop the presentation and record your thoughts and scores for each code.



• Students provide explanations: 2
▫ Explanation pertains to the specific problem and is not global
• Student questioning and reasoning: 1 
▫ none
• Enacted task cognitive activation: 2
▫ Mixed level – goes beyond low, but does not exemplify high 
(such as making conjectures, looking for patterns, and so on)

• Overall: 2

Karen: Tourist Problem: Answers

Presenter
Presentation Notes
We rate this clip as 2 for students provide explanations. At this point, you might be wondering: what exactly was the student explanation in this clip? Here is what we consider to be the student explanation: after the student figured out the ratio 1:2:3 and added those terms to find six, she divided 54 by six. At this point, the teacher asks what this quotient represents, and the student responds that it gives the number of groups. Hence, the student here is explaining what an answer means, which counts under student explanation. Admittedly, this was not a great explanation: it was neither correct nor complete or clear. Yet, as you might recall, in SPMMR, we’re not interested in the correctness and completeness of student work; rather, we focus on the extent to which students are engaged in the activity of providing explanations. Because the explanation the student offered pertained to the specific problem under consideration–it was not global or general--we rate the clip as 2 for students provide explanations. We rate the clip as 1 for student questioning and reasoning, because there were no instances of the activities captured under this code. We assign a score of 2 for enacted task cognitive activation, because in this clip we have a mixed level of engagement with this task: the student definitely moves beyond simply reciting steps, facts, and procedures– she also attempts to give some meaning to what she was doing, albeit not very successfully, given the teacher’s constant intervention. At the same time, we don’t see any evidence of activities such as making conjectures, looking for patterns, and making connections, that would suggest that the clip should be scored as high. You may wonder why this receives a score of mid given that only one student was at the overhead doing the work. In this case and others like it, we rate the segment based on the work done by the student who is visible on the video.  Given this mixed level of the student engagement with the content, we also rate the clip as mid for the overall code. 



Student Participation in 
Meaning‐Making and Reasoning
Please move on to the SPMMR 
practice module.

Presenter
Presentation Notes
You have now completed this module of the MQI training. We encourage you to look over the MQI document and review the examples here if you are confused.  When you are ready, please move on to the SPMMR practice module.
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