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Abstract
Curriculum designers often put thought into student thinking, but teacher thinking is equally important to consider.  Curriculum does not interact with students in a sterile environment, but depends upon the teacher’s implementation.  While research concerning teacher thinking and curriculum enactment is sparse, it does imply that a teacher’s thoughts about students, content, tasks, and norms greatly influence practice.  An innovative statistics curriculum, Data Modeling, has worked to address this by building educative features into the curriculum, such as sample student thinking, thought revealing questions, and key mathematical ideas.  In addition to these, the curriculum makes use of an assessment system intended to inform instruction based upon a progression of students’ statistical thinking.   This paper looks at a teacher implementing the Data Modeling curriculum for the first time.  Analysis of his teaching showed challenging elements of the curriculum for the teacher.  Three examples of these challenges are highlighted: (1) Teacher Language: Calculational v. Conceptual (2) Strategies employed to advance student thinking along the construct, and (3) Classroom Norms.  These examples give insight into addressing these challenges when supporting teachers in the future.

Introduction

The role of designing curricula is one of developing instructional strategies and tools that provide opportunities for student learning.  The theory of change and design of a curriculum is often grounded in student thinking.  However, when enacted, the curriculum does not interact with students in a sterile environment.  In fact, the curriculum itself will never have direct contact with students since classroom teachers moderate the interaction of the curriculum with the students.  Due to this fact, the developer is not creating the curriculum that students will see, but is developing an ingredient in the enacted curriculum of a given class (Ball, 1996).   The statistics curriculum, Data Modeling, has given careful thought to educative features for teachers, such as common student thinking, thought revealing questions, and tutorials of mathematical concepts.

This paper examines a teacher’s first attempt at using the Data Modeling curriculum.  The purpose of such an analysis is to inform future professional development designed to support teachers that are using the curriculum.  In addition to the analysis, this paper will review current research on teacher enactment of new curriculum as well as a theoretical foundation for the Data Modeling curriculum. 

Theoretical Perspective

Teacher Thinking When Implementing New Curriculum


As mediators of the interaction between students and curriculum, teachers inevitably modify the curriculum’s intent.  Since the enacted curriculum determines the learning opportunities granted to students, it is important to understand the factors influencing teachers enacting new curricula (Ball, 1996).  The body of literature coordinating teacher thinking with curriculum enactment is sparse.  Most case studies show a best-case scenario of curriculum enactment, and those that give contrasting cases do not mention the thinking behind the different practices.  With a better understanding of how to address teacher thinking, curriculum developers can design strategies for supporting teachers that are implementing new curricula.   


Ball (1996) has suggested five common influences affecting teacher implementation of curricula: (1) What teachers think about students, (2) Teachers’ understanding of the content, (3) Teachers’ ability to fashion materials for students, (4) Intellectual and social environment of the class, and (5) Teachers’ perceptions of the broader social and political contexts in which they work.  She further elaborates, “All curriculum enactment is tangled with work in each of these domains, though each may play a different part in different places and times.  Improved curriculum design would take account of teachers’ work in each of these domains” (p.7).  These domains are examples of the human resources a teacher brings to the curriculum (Farnsworth, 2002).  The development of these resources must be supported in order for curriculum fidelity to be achieved.  

Teachers’ thoughts about students play a key role in curriculum implementation.  While some student characteristics are specific to each classroom, many are not (Ball, 1996).  For example, Lehrer, Konold, and Kim (2006) found the development of student thinking in statistics to be quite normative.   A teacher’s knowledge of normative student thinking and development, specific to a curriculum, is exceptionally important during enactment.  The ability to anticipate, elicit, interpret, and appropriately respond to student thinking in large part determines the quality of instruction afforded the students.  Ball, Thames, and Phelps (2008) have found Mathematical Knowledge for Teaching (MKT) is a strong predictor of student learning, and one component of this domain is knowledge of how students generally think about content.  The authors argue that a teacher’s MKT specific to student thinking is crucial in any curriculum change because a teacher’s ability to address student thinking is largely dependent on anticipating common responses.  

Schneider, Krajcik, & Blumenfeld (2005) found evidence of the impact teachers’ knowledge of students has on curriculum enactment in observing four teachers’ first attempts at using an inquiry based lesson on force and motion.  Although most of the structural components of the lesson were present in the four classes (materials, tasks, etc.), two of the teachers showed close fidelity to the intent of the curriculum, while the other two did not.  The teachers’ thoughts regarding their students’ abilities to reason with the content were made evident in the way they adapted tasks in the curriculum.  One teacher adapted tasks to give more meaning to her students.  Although this resulted in confusion for students earlier in the curriculum, the teacher improved in making appropriate adaptations to give students opportunities to make sense of the lessons.  In contrast, many of the adaptations made by another teacher were intended to help students remember the facts.  These adaptations included songs, rhymes, and re-ordering the lesson around what the teacher considered similar content.  Although the authors did not make reference to the specific thinking that led to these different actions, it is clear that the teachers’ thoughts on their students’ abilities and their image of important learning principles were seen in these adaptations.  More research is needed linking teacher thinking to the types of practices it produces.


Equally influential in curriculum enactment is a teacher’s understanding of the lesson content.  This includes proficiency in the concepts, but also an understanding of what is mathematically worthwhile for student learning.  A teacher’s image of what quality mathematical learning looks like will in large part determine the curriculum enacted in his or her classroom (Thomson, Phillip, Thompson, & Boyd, 1994).  Thompson et al. (1994) speaks of the “pervasive influences teachers’ images have on how they implement innovative curricula” (p.79).  They give the example of two teachers involved in the same training whose instruction looked very different.  On the surface it looked as if both teachers fidelity to the curriculum was strong with the teachers using questions to engage students and the students engaging in discourse.  However, a closer look at the content of the discourse revealed one teacher grounded in conceptual talk with another grounded in procedural talk.  One teacher’s questions were focused on the processes needed to get to an answer, while the other used questions to highlight sophisticated thinking to the class and to help students make sense what they were doing.  


A third challenge for teachers implementing a new curriculum is found in creating materials and tasks tailored to his or her students.  This aspect of teaching is often overlooked in education as teachers and administrators look for tasks to serve as “silver bullets” that impact student learning regardless of teacher quality.  One example of this is found in the universal assumption that the use of concrete manipulatives in early grades will develop conceptual understanding in numeracy (Ball, 1992) Although the above assessment is specific to the use of manipulatives in early grades, this challenge is found across domains for math educators as they are dealt the challenge of using research supported materials and tasks while judiciously choosing them mindful of their students’ needs.  In a synthesis of research on instructional tasks, Brophy & Alleman (1991) found that one or more of the following characterized many teacher-developed tasks:

“…activities that do not promote progress toward significant goals because they are built around peripheral content rather than around key ideas, activities that are built around false dichotomies or other misrepresentations of content, cumbersome or time-consuming activities that do not offer significant enough learning experiences to justify the trouble it takes to implement them, misapplication of question types or response formats, insertion of isolated skills exercises in ways that disrupt or even distort the presentation of knowledge content, and activities that ostensibly provide for integration across subjects but in reality do not promote progress toward significant goals in either subject.” (p. 9,10)

When examining curriculum supports, often one finds tasks and materials for use in the classroom, but rarely is the theoretical rationale for these made clear for teachers (Brophy & Alleman, 1991).  Because teachers lack understanding of the content, student thinking, and key elements of a task, their modifications can often interfere with student learning.  Ball (1996) says that curriculum materials could better serve teachers by making clear the intent of the tasks so teachers can consider modifications that strengthen these elements for his or her students.   Important to future math research is isolating required knowledge for teachers to have in order to create and implement meaningful materials and tasks.


The intellectual and social environment, here termed “norms”, in a class can either support the intent of a curriculum or inhibit it.  Traditional norms in math instruction value a student’s ability to find his or her way to the “correct” answer with little focus on communication or sense making.  However, many current approaches to math instruction require norms that value sense making, communication, and justification.  (Carpenter & Lehrer, 1999)  There are qualitative differences in these norms that can be found in the analysis of student discourse (Cobb, Wood, Yackel, & McNeal, 1992).  Teachers enacting new curriculum often find the term “discourse” foreign in their conceptions of math instruction (Ball, 1991).  When teachers consider the role of discourse in the class, Ball (1991) says they often ask “Who talks?  About what?  In what ways?  What do people write down and why? What questions are important? Whose ideas and ways of knowing are accepted and whose are not? What makes an answer right or an idea true? What kinds of evidence are encouraged or accepted?” (p. 1).  Schneider, et al. (2005) give an example of a teacher using student discussion to guide instruction, but does not distinguish between conceptually accurate, worthwhile comments from comments based on misconceptions.  As a result, students did not have opportunities to address these misconceptions and left the lesson without an understanding of the lesson content.

Data Modeling Curriculum


Traditional math instruction often implies the teacher and the text as the intellectual authority, and that “doing math” consists of following the rules given by the intellectual authority in the class.  These rules are expected to lead students to the “answer” as verified by the textbook (Lampert, 1990).  In this context the measure of mathematical understanding is found in how efficiently students can follow a given procedure.  In these circumstances it is difficult for students to conceptualize what creativity, argument, and justification would look like in a math class, much less produce these.  More specifically, statistics instruction often focuses on procedures to calculate, for example, the mean, median, or mode of a data set.  While students can often calculate these statistics after instruction, they are rarely able to make sense of the number, or to recognize the need for calculating such a number.  In addition to teaching measures of central tendencies without meaning, the topic is often discussed without mention of variability, denying students the opportunity to coordinate center thinking with spread thinking (Kim, 2008).  
Contrary to traditional instruction, Data Modeling engages students in repeated measurement, data display creation, and invention of statistics with teacher mediated student discourse supporting these activities.  The curriculum engages students in challenges intended to “promote conceptual change through an interaction of tasks (e.g., the explicit problem posed), material means (e.g., paper-and-pencil, computer tools), modes and means of argument (e.g., justifying a particular design solution by appealing to its generality), classroom norms (e.g., student justifications need to be rendered in ways that are sensible for classmates), and activity structures (e.g., producing displays, methods, critiquing displays, methods)” (Lehrer & Kim, 2009, p. 117).  The teacher’s role in this interaction is as mediator.  The teacher influences each of the above components to create an equitable learning environment that uses student thinking and discourse as a means of instruction.  This section describes the teacher’s role in implementing the instructional strategies used the Data Modeling curriculum.

An instructional strategy central to creating this environment is moderating student dialogue.  Many teachers and students consider the idea of instruction through discourse to be quite foreign.  Traditional math instruction is often conducted with the teacher (intellectual authority) communicating to students the facts they will be expected to remember.   Without explicit attention to the discourse in the class, the previous norms of math instruction will likely dominate the discourse (Ball, 1991).  A teacher’s initial task must be to redefine the roles in the class.  Students and teachers alike must reconsider their rights and obligations if the desired norms are to be established (Lampert, 1990).  In reconsidering, the teacher must make clear that students have the responsibility to not only communicate their thinking, but to actively listen to their peers as well.  The Data Modeling curriculum assumes these norms as students engage in communicating, challenging, and justifying students’ invented methods.
However, engaging students in discourse alone is not sufficient.  The teacher is responsible for judiciously selecting student responses to highlight.  These responses must show examples of worthwhile thinking.  Worthwhile thinking does not imply “correct” thinking, but refers to thinking that exposes the class to valuable mathematical ideas.  As students engage in communicating, questioning, and justifying these carefully selected ideas the teacher must scaffold the class to advance in the sophistication of their thinking.  Data Modeling supports teachers in these efforts by affording constructs of student statistical thinking, questions to uncover thinking, strategies for advancing thinking, and evidence of thinking through sample student responses and performances.  These become the means by which a teacher mediates the discourse of the class.


Supporting the strategies of the curriculum is an assessment system designed for both summative and formative purposes.  The value of any assessment is found in its ability to promote student learning (Pelligrino, 2001).  A system must “educate and improve student learning, not just audit it” (Wiggins, 1998, p.7, in Pelligrino, 2001).  The system in this curriculum was designed to support teachers in their instructional strategies.  This system is built upon a learning construct that maps the progression in a student’s statistical thinking to examples of his or her thinking in discourse.  
Method

Setting

The subject of this analysis is a 6th grade teacher, Mr. West, serving students in a school located in the Midwest region of the United Stated.  The class consisted of ten female and eleven male students from predominantly middle class backgrounds.  Mr. West has been teaching for about 20 years.  He has also worked with researchers for a number of years by collaborating to conduct research in his classes.  These researchers moved to a new university and further developed the Data Modeling curriculum and assessments based on what they learned in Mr. West’s classroom.  Although Mr. West was familiar with some elements of the curriculum (e.g., making displays), leading students to invent measures of spread was a new concept.  Supporting him before and during instruction was a PhD student familiar experienced in the curriculum.  She provided the tools of the curriculum and supported his implementation through post lesson interviews and collaborative conversation.

The topic of the 3 lessons used in this analysis is variability.  This is the third unit in the curriculum, and the teacher taught both units subsequent to this one.  In previous lessons the students had measured Mr. West’s arm span and had used the data to construct displays.  These displays were used to highlight valuable mathematical concepts.  For example, students engaged in discussion regarding what each display shows and hides about the data.  In the second lesson students considered measures of center in developing a “best guess” for Mr. West’s actual arm span.  In this unit students were considering the need for measuring how spread out the data is.  In doing so the teacher led them to invent, share, question, and justify a number describing how much their measurements tended to agree.  The purpose here was to provide students an opportunity to consider variability in the familiar context of repeated measure.
Procedure

The analysis of the lessons was conducted in collaboration with a PhD candidate at Vanderbilt.  Videos of the three lessons were analyzed using Studio Code™, software for conducting qualitative analysis of media sources.  Student discourse was coded using the learning construct of the Data Modeling curriculum with teacher moves and strategies also noted in the original coding.  While coding the lessons all scores were compared with a current PhD student, and a consensus of scores was used in the final analysis.  After the lessons had been coded on the construct the videos were fully transcribed.  The transcriptions and videos were further analyzed in an effort to find teacher practices that could be characterized into categories. 
Results


This section consists of classroom episodes intended to describe the instructional practices of Mr. West learning to teach the Data Modeling curriculum.  During the analysis we looked for evidence of fidelity to the principles of the curriculum.  The analysis showed a mix of teaching strategies, some distinctly in tune with the curriculum, and some suggesting misconceptions about the curriculum held by the teacher.  The teacher was confident in the curriculum’s potential, and expressed that his understanding of statistics had continued to develop while teaching the curriculum.  HHHHHHowever, during interviews he questioned the students’ ability to exhibit the thinking described in the construct map.  Often this would motivate him to revert to procedural language.  Throughout the course of the unit there was evidence of Mr. West’s development in effectively utilizing the curriculum.  Examples of this development are described here in three categories: (1) Teacher Language: Calculational v. Conceptual (2) Strategies employed to advance student thinking along the construct, and (3) Classroom Norms.
Teacher Talk: Calculational v. Conceptual

Within the unit Mr. West varied between calculational and conceptual language.  One use of calculational instruction was when the teacher was ensuring that students understood an invented method for calculating precision.  These episodes were brief in nature and were bookended by rich conceptual talk.  Below is an example of Mr. West simplifying the explanation of a student’s invented procedure in an effort to support future conceptual discourse.  This is the first invented method shared in the class, by a student named Adam.  Adam measured the distance of each data point from the median and used the sum of these as a measure of precision (sum of deviations from the median).  When comparing the precision of two groups of measurements Adam showed that the precision number closest to zero indicated the more precise measurements.  After his explanation none of the class understood his method, so the teacher offered assistance.  Figure 1 is a depiction of what Mr. West drew on the board when helping describe Adam’s method.

Mr. West: 
I’m gonna help, and this is how I'm gonna help you.  We have so many pieces of data here that sometimes it gets confusing, so I'm gonna make a much easier one.  Here is my median, there I guess.  And, we'll call it 50, and then, um....let’s say I got, let's see what happens here.  I've got three things at 50.  Now I have another one that’s out here at, were gonna say that one is out at 49, and this one is out at 48.  So now, let's just listen to see what they would do to that.
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Adam:  
Um, so we would, the median, and the ones on top of the median, those are like right on it, so those would be zero.  And then, that one, 49 is one away.  

Mr. West: 
So, that's one away.  I'm just gonna write a one over here.

Adam: 

One, and this was, 48 is two away.

Mr. West: 
So I'm gonna write it...2

Adam:  
And then you add it up, to get 3.  And that would, then....

Mr. West: 
So that would, that would be our precision number?

Adam:  
Yeah, that would be your precision number.  

Mr. West: 
Do people understand what they just did?

Students: 
Yes.
After Mr. West assisted Adam in sharing his method, the class had a rich conceptual discussion making sense of Adam’s precision number.  The teacher’s assistance proved to scaffold many students to the third level of the construct as they began to consider alterations to Adam’s method in an effort to generalize.  This use of calculational talk was worthwhile in that it allowed students to consider the qualities of Adam’s method without confusion regarding the procedure.  Without taking the time to clarify the procedural elements of Adam’s method the class would have been unable to consider the mathematical implications of his precision number.

In contrast to productive use of calculational language there were examples of calculational teaching that lacked purpose.  This approach was most often motivated by perceived pressure to prepare his students to score well on state assessments.  Mr. West most often addressed the need for high performance on state exams with calculational reviews of mean, median, and mode.  Although the previous unit examined these measures conceptually, he felt the need in each lesson to review the “steps” to find each statistic.  
At other times Mr. West would ask a thoughtful question to elicit student thinking in an effort to lead them to reason conceptually, but when students’ thoughts did not produce valuable ideas he did not have a backup strategy.  He viewed these moments as evidence that his students were not able to reason about the subject and would revert to calculational explanations.  In the next excerpt, Mr. West had scaffolded students to notice that Adam’s precision number did not work when comparing samples of different sizes.  To do so he had the students compare the precision of two sets of measurements with different sample sizes.  The students quickly noticed that the “more clumped” (indicating more precise) graph had a larger precision number (indicating less precise).  This paradox led Tabitha to say, “um, the more numbers are on the bottom graph, so there are more numbers that you have to add up the distance from the median.  So that means that the numbers, ones, twos, three accumulate and you have more than the top.”  After successfully scaffolding the students to notice reasons why Adam’s method is not generalizable Mr. West attempts to lead students to generate ideas to “fix” the method.

Mr. West: 
…does anybody have an idea how we can fix that?  

Student: 
Redo it.

Mr. West: 
What do you mean, redo what?

Joey: 

Make the numbers closer together on the bottom.

Student:
Yeah, find the middle between the...

Mr. West: 
Brittany, what were you thinking? ...

Brittany: 
Maybe you could add more...

Mr. West: 
Change my numbers down here somehow?  I can't just go around changing numbers.

Brittany: 
But wouldn't you have to, wouldn't each side for there to be equal, or something?

Student: 
Yeah, there both kinda balanced out, like.  Maybe you should subtract on the other side and add on the other side?  You know what I am saying?

Brandon: 
So, like, couldn’t you, for the median, you have a median.

Mr. West: 
I have a median, yep.

Brandon: 
The numbers you get, on like, the left side, like, well I guess that would make it like a zero graph.  But like I was thinking you could subtract on one side, and add on the other one, but it's like an even number then it's...

Jasmine: 
Then it's zero.

Brandon: 
Yeah, um, just never mind.

Mr. West: 
Does anybody know how we can get... find out on average how far away it is?...Adam?

Mr. West makes an initial attempt to use student thinking to promote the discussion. However, he is unprepared by the student’s responses.  Without a clear explanation why taking away data is not acceptable he attempts to direct their attention to the use of the average.  This is his second attempt to scaffold students to generate a generalizable method.  However, without giving a conceptual explanation of why data cannot be added or taken away, the students stay fixated on this idea.  Here Mr. West does not find fault in his strategy, but rather in the students’ ability to reason with this concept.  Below is how he deals with the student’s unexpected responses.

Mr. West:
There's a simple way to fix this, and the simple way is this.  Have you guys ever heard of the mean, the average?

Students: 
Yeah

Mr. West: 
How many numbers are here? 1,2,3,4,5, it tells us it's 5.  OK, what was our distance?  Who remembers what our precise number was?

Students: 
9

Mr. West: 
It was 9, ok.  So if I took 9 and divided it by 5, then what’s going to happen, oh that 11 over there just tells us how many pieces of data, how many values there are.  There’s 11 numbers here, that 5 tells us there’s 5 numbers here.  When I push this number it came up, that was a very handy tool.  So when I found the mean of it, nine divided by 5.  It gives me a number of 1.8.  And this one was 11 you said, what was our range. 

Students: 
14

Mr. West: 
14, um, divided by 11 numbers, gave me a range of 1.2,

Students: 
Wouldn't it be rounded to 1.3?

Mr. West: 
1.3, yep, woops.  So we had 1.3 on this one, and we had what up here, two point what?

Students: 
1.8


Immediately after this exchange he attempts to give meaning to the new precision numbers.  However, students struggle to make sense of the numbers without a chance to recognize the need in finding the mean of the distances.  His motivation to retreat to calculational teaching was made clear later by stating, “actually at this point I am not caring that you understand, I am telling you that if you want it to be fair, actually I do care, but it's gonna take us all day for you to understand what an average does.  Because you obviously have not gotten to the point, and you are not the only one, Ben, I am just saying.  It's, it's, you are not understanding of when you take an average of something of what it does.  You don't understand that yet.  And that is a lesson all by itself.”  In interviews Mr. West expressed that he valued the curriculum because he learned many things about statistics himself while teaching it.  However, his lack of confidence in students’ thinking led him to deny them the learning opportunities found in reasoning with generalizing a method.  Future teacher supports should contain tools to help teachers develop multiple strategies in a given conversation.


In contrast to calculational language, Mr. West often used thoughtful questions to promote conceptual thinking.  The strategies he used to help students recognize the need for a measure of precision were grounded in conceptual discourse.  At the beginning of each lesson students described precision using descriptive characteristics of the displays.  Desiring students to notice the need for quantifying the precision of the measurements he would highlight conceptual problems with using descriptive characteristics alone.  During the second lesson, Ben initially describes the spread of a data set by saying that one side was “more spread out” than the other.  In response to Mr. West’s leading questions Ben decides to measure the distance from the median to both the lowest data point and to the highest data point to describe the spread.  Below is the conversation that follows.

Mr. West: 
Oh, so you’re measuring how far away that is, this number is from the median. right?  So, we can use our tool to do that actually, get our measurement tool out.  Measure from here, to our median.  And that tells us down here, well that's 16 away.  So now, that gives me an exact number right?  Now I know exactly how far away it is.  So, let's see if this one is closer.  So we start here, and go all the way to here.  It's 12.  So, you used the word more right away.  Now we have a specific number.  We have 16 away from the median, and it's versus 12 away from the median.

Ben: 

So there's a difference of 4?

Mr. West: 
Yeah, there’s a difference between four as far as how this is, but do you follow the idea that then as this number gets further away here what happens?

Ben: 

Then it, the number gets bigger.

Mr. West: 
So the number down here, the number here starts to get larger and larger.  So the more spread out it is, um, now, doing it your way does give us an interesting thing.  It tells us a little bit about what the data kinda might look like,…

Here, you see Mr. West leading Ben to make sense of what he is doing in measuring spread.   Ben notices differences that lack mathematical significance by asking, “so, there’s a difference of four?”, but Mr. West quickly points him to the conceptual aspects of the conversation using questions that lead Ben to see how the numbers would change as the distribution changed.

These excerpts give some examples of Mr. West oscillating between predominantly using calculational language during instruction and predominantly using conceptual language.  Although he was committed the tools of the curriculum, his instruction showed evidence of a lack of confidence in his students.  Also, it is possible that Mr.West lacked understanding of the mathematical concept.  Given support to improve his content knowledge he might have been able to better scaffold student thinking.

Strategies employed to advance student thinking along the construct


During the course of the unit Mr. West showed evidence that he valued student discourse as a valid instructional tool.  He also worked hard to make his students the agents of generating mathematical concepts.  One example of this is found when Mr. West shares a method to measure precision that was invented by a student in another class.  When his class calls it “Mr. West’s method” he is quick to tell them that a student in another class created it.  In spite of this, sometimes he lacked the skill to successfully advance student thinking along the construct.  He consistently used leading questions to elicit thoughts, but the results of these efforts differed.  Even when he did capitalize on student thinking, the conversation often ended without full development the mathematical concept at hand.  Two distinct scenarios are shown here to highlight the transitional nature of his instruction.  
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In the first example, Mr. West is eliciting student thinking, but he subtly directs them to thinking that he values and asks questions relating to higher areas of the construct map before students show evidence of lower levels.  He is setting up the initial task of inventing a precision number that quantifies the spread of a data set.  Students had been describing physical characteristics of the graphs, but the teacher is directing them to notice a need for a “precision number” that measures “how close the measurements are to each other.”  Figure 2 shows the distributions the students were initially discussing.  

Many students considered the measurements in the bottom graph to be more precise.  Mr. West recognizes their discourse as evidence of the lowest level on the Conceptions of Statistics construct map.  The curriculum makes use of leading questions to help students recognize the need for more sophisticated means of describing spread, and then encourages them to invent methods.  However, he felt the need to direct their thinking toward inventing a method where zero is indicative of perfect agreement (perfectly precise).  Mr. West showed the distribution in figure 3 as an example of perfect agreement.  The following excerpt is an example of his influence to create methods with zero as a measure of perfect precision.


Mr. West: 
Now, as you are writing your graphs, here's the problem.  The problem is that Adam was coming up with some great ways to try to describe to me how one is spread out and one is clumped.  Well, what if I have two that are kind of clumped?  Adam might have a problem saying, what it is because maybe one was clumped up even more.  What if one was clumped up like this (See Fig. 3) but then I had, you know, 4 on this side a 5 on that, I still had nine that weren't in the clump?  Ok, so you might tend to say, ooo yeah there's, because now this clump just became one solid straight what?  Solid straight line, it's still a clump, but you see how a clump could be more clumpy than other clumps?  


Adam:

 It's not really a clump  

Mr. West: 
Well I don’t know how you get any more clumpy than that, that is the clumpiest of all the clumps. 

Adam: 

The way I think of a clump is more than one number 

Mr. West: 
I have more than one number. 

Adam: 

No, that's one number with a lot of data. 

Mr. West: 
Ok, what if I did this to you.  So, now I’ve got, or I did this, maybe this would be a better example for what we are talking about....Where's the clump?  What would you...

Adam: 

I guess the big one? 

Mr. West: 
Right, so that's what I'm kinda getting at.  And I also understand what you are saying, but you've also gotta try to stick with me on this.  Now, What we need, here's what I would say about.  Here's maybe an idea for you to think about. If everybody got the same exact measure, I would give them maybe a precision number.  Does anybody play golf in here? 
Student: 
Me! 

Mr. West: 
If you do really well do you have a low score or a high score in golf?  Precision number in my head might be similar to this.  The way that I am thinking of it at this moment.  I would give this a precision number of zero, because everybody got the same measurement, they are very precise.  Ok, what do you think we could do for a precision number, something that tells me how spread out the data is?  Zero means it is on a straight line, now we have this mountain, what could we do to describe?  What kind of things could we do?  

Due to being occupied with directing the students toward zero as a measure of perfectly precise, Mr. West misses an opportunity to use Adam’s comments about the clump to have a meaningful conversation about what defines a clump.  He tells Adam “you gotta try to stick with me on this” in an effort to move the conversation to talking about zero.  At this point in the lesson teachers should be giving students the freedom to invent methods that help them to describe the spread of the data.  It is worthwhile to select and highlight student methods, once invented, making use of zero as the measure of perfect agreement since this helps students to understand more conventional measures of precision.  However, the teacher here shows difficulty with leaving the task this ambiguous.  Future professional development should support teachers in skills to set up tasks with appropriate ambiguity, but with clear directions so students can be successful.  Additionally, teachers should be given strategies to bring important mathematical concepts into the conversation if none of the student methods do so.

At the end of the exchange the teacher asks for ideas to find a number to describe the spread of the data.  Adam responds with an idea that he had mentioned earlier in the class.  The teachers’ response to his idea is an example of instruction that does not assess student thinking before moving on.  The teacher begins to ask if Adam’s idea can be generalized without giving the class an opportunity to think about what it means to generate a method of measuring precision.  Other than Adam, all other students have only shown evidence of being at the lowest level of the Conceptions of Statistics construct (Using descriptive characteristics of the distribution to describe variability).  However, the teacher implements strategies intended to scaffold students showing evidence of thinking on the third level of the construct (Inventing, sharing, and generalizing methods for quantifying precision).

Adam: 
Yeah, like, find the main clump, the one with the numbers that are the most side by side.  Or, if it's like that. 

Mr. West: 
Yeah, if it's like that what do I do? 

Adam: 

Then like count the ones that are away from that.    

Mr. West: 
Here's my problem now, does your idea work for this graph?


Student: 
No, it doesn't.  Cause like the last graph had them all together, but then there was one space and then there was another number.  And this one has it, it's not...


Mr. West: 
So he's got a great idea. It's kinda like when we started doing those best guess methods.  When we started coming up with these.  Well, some of them work specifically for that particular graph, but not for all of them.  So, we came up with these three that works for everything, and that's what the real guys that do math do.  So now we've got to come up with some idea.  Thats what this tells me.  This tells me here, I know this is zero.  If everybody gets the same exact number.  They are very precise on measuring, they have a zero.  What would this score be? 

This conversation takes place during the first lesson of the unit.  The lesson ends without evidence of any student thinking about what it means to generalize an invented method, and at the beginning of the second lesson all student responses show no evidence of recognizing the need to quantify precision.   

The next conversation is from the second lesson and is an example of Mr. West changing his strategy because students did not advance in their thinking during the previous lesson.  In this lesson he used leading questions to advance student thinking on the construct map, and he judiciously selected comments to re-voice in an effort to expose vauable thinking to the class.  Although students did begin to consider the generalizability of a method, the mathematical ideas in the conversations were not fully developed.  

In the following conversation the teacher waits until students have shown evidence of being ready for a discussion of generalizing a method.  Adam has just shared his invented method with Mr. West’s help (sum of deviations from the center, not his initial idea of counting data points outside the clump).  Mr. West is now attempting to use leading questions that provide students the opportunity to consider Adam’s method in different contexts.  Mr. West starts the conversation by asking, “can anyone think of a time that this might become a problem?”

Jeff:  
Well, like if there, if most of the graphs are, they could like, look different but one could have like one in the middle and then a whole bunch of outliers outside,  or..., there could be one outlier that is way far away, and then everything else is clumped up and that would make it seem like it is not as precise as like...

Mr. West: 
Seem like it is bigger, so do people understand what Jeff just said? One single outlier, from the, we gotta take a ridiculous number like a thousand.  Now that's going to be close to 850 added to that number.  So, I could see if you have one real big outlier added to that could become a problem.

Adam: 
Yeah, but, that would just, but an outlier would.  Yeah, Jeff, if there was an outlier way out there, that outlier...I would say that...

Mr. West: 
Did anybody else think of another problem, possibly with this method?  And I do understand, yeah there could be an outlier there that might become, do you, Adam?

Adam:  
So, the outlier thing, if there is like an outlier, that like, it is not like we are trying to find the mean, where, we are trying to find the precision.  And if there is something out far, that means that it is less precise.

Mr. West:  
What do you think, Jeff?

Jeff: 
Well like if, even if it was like all in one stack you would think, aw that's precise.  Then except for that one guy would be really high, then you might be like that guy might have been like slacking off or something and like everybody else...

Adam:  
But still it would, Yeah,.....

Jeff:  
But if you added it all up together it would be like super big compared to the other one.

Adam:  
Well, yeah, but...

Mr. West: 
First off, we are using a ridiculous number, but you’re talking about the point, right, Adam?  The point is, how spread out it is.  And that guy was a lot different.

Adam: 
Yeah, the point of finding the precision number is, to find out how precise like....

Mr. West: 
All of the measurements are?

Adam: 

Yeah!  how, ...

Student:  
I agree with Adam.

Adam: 

 I don’t know how to say it, but...

Mr. West: 
The one guy was not precise.  And your number will show that.

Adam:  
Yeah, and it’s using the, again it uses all the numbers to find how precise the entire group, the entire group of measurements was.  Not just like...um, yeah, so um.  So if we are trying to find it.  Say all of these numbers are in one stack, then one over here.  That would just show that, that it wasn't all precise.  That the whole group wasn’t completely precise.  That it just...

Mr. West:
 I follow you man, good stuff. 

The students here are more prepared for the conversation given the opportunity to invent methods themselves, but Mr. West never develops Jeff’s problem with outliers into a mathematical conversation about the conceptual elements affected by the outliers.  The students here have good thoughts, and are reasoning with the task.  The teacher asks a good question to elicit Jeff’s thinking, and Adam justifies his method.  However, the conversation ends with the teacher telling the class “good stuff.”  This shows that he values the students’ discourse, and he recognizes their reasoning, but he does not fully capitalize on the opportunity to lead students to consider the mathematical concepts important for a method to be useful in all contexts.  This is evidence that teachers need support in identifying the goals of the conversation, and developing strategies to advance student thinking to meet those goals.

Classroom Norms

In the examples above it is clear that Mr. West has worked very hard to establish norms encouraging sense making, communication, and justification.  The conversation between Adam and Jeff is evidence of these norms.  Adam shared his method to the class, and Jeff criticized his method in front of the entire class.  Without well-established norms this conversations could not have taken place.  It is clear that both students considered the conversation an important tool in finding a method for measuring the precision of any group of measurements.  Adam does not become defensive, but uses a reasonable argument to justify his position.  Likewise, Jeff does not “attack” Adam’s method, but offers constructive concern that outliers might lead to a misleading “precision number.”  These are all clear indications of the norms of the class.

Although the teacher had well-established norms, there was some evidence of norms not promoted by the curriculum.  The following excerpt shows how pervasive some elements of traditional instruction are for teachers, even with those working to establish healthy classroom norms.  Mr. West takes the time before Adam shares his method to remind the students of their responsibility when another student is sharing their thinking with the class.  His exhortation is a blend of valuable principles that encourage meaningful discourse and warnings of the punitive measures of poor homework grades if the principles are not kept.

Mr. West:
I'll use my computer to do what you say, ok?  And you guys are listening for, does this make sense?  Could I do this on other data?  Because tonight for homework I might have to.  

He begins by reminding the students that they carry the responsibility to not only listen, but to make sense of what is being said.  He wants the students to closely examine the method to ensure their understanding.  Second, he directs the students to begin to think about generalizing the method.  He wants the students to not only make sense of the method with the current data set, but to also make consider its use in novel contexts.   Third, he gives the motivation behind listening, sense making, and thinking about its use in alternate contexts.  The motivation is homework.  The teacher reminds the students that they will have to do this on homework, and if they do not know how to find the “answers”, then they will not be able to complete the homework.  Completion of homework as a primary motivating factor amounts to telling students it is important to learn a topic because they will be expected to do it in next year’s class.  Although Mr. West intends to use the Data Modeling curriculum to motivate students by allowing them to become generative agents of learning, motivation grounded in punitive repercussions from not completing homework serves as a relic of traditional math instruction. 
Conclusion
Curriculum designers should give careful thought to teacher thinking when considering implementation of innovative curricula.  The learning opportunities afforded to students are found in the enacted curriculum of a class, and the design of a lesson is only one component of this.  The literature concerning teacher thinking while enacting new curricula is sparse, and even less links this thinking to teacher performance.  However, the current body of literature does make clear the influence teachers have on the fidelity of curriculum implementation.  The effect of teacher thinking on enacted curriculum should serve as ample motivation for developers to better address supporting teachers.  

The case study given is an example of a teacher committed to the practices promoted by the curriculum.  In spite of his commitment, the teacher struggled to capitalize on opportunities in the class to advance student thinking.  This was seen in contrasting Mr. West’s use of calculational language with his use of conceptual language, as well as in his use of the construct map to develop student thinking.  In addition to these, his classroom norms were an example of well-established practices of student communication, challenge, and justification of ideas.  At times, the challenges made evident in these patterns proved to contribute to the enacted curriculum looking quite different than the written one.  

In the future, similar studies with the addition of teacher interviews, student assessments, and analysis of the enactment of the entire curriculum would are needed to connect the trends found here with the thinking behind the teacher’s practices.  With more research focused on teacher thinking and the practices it produces, better supports can be developed for teachers implementing new curricula.  Although each curriculum will have unique issues to address (content, language, structure), the common elements of teacher thinking would provide a context in which to consider these.  These well-developed teacher supports are necessary if innovative curricula are to become efficacious on a large scale.  
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Figure 1: “Much easier” display created by Mr. West while helping Adam’s explanation
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Figure 2: Two distributions Mr. West uses to lead students to consider precision.





Figure 3: Mr. West’s example of perfect precision.
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