Masters Course in Curriculum Design for Secondary Mathematics Teachers
General Context 

Professional Development/ Master’s Course for experienced teachers at the secondary level. This course would be designed for delivery in an asynchronous online environment during the academic year while they have access to their own living laboratories – their classrooms and their students.    

Names of contributors/authors: 
Maurice Burke, Montana State University
Goal of use of Framework and Situations: 

Many teachers in the MSU Masters of Mathematics in Mathematics Education redesign parts of their curriculum for the purpose of doing their action research or capstone project.  After years of working with teachers on their redesign efforts, it is clear to me that a useful course for us to add to our syllabus would be a course on curriculum design.  Teachers are at the center of curriculum decision making – especially at the level where it really matters.  Preservice work is inadequate to prepare high school teachers to really understand their role in the curriculum decision making process and the extent of the work involved.  As a component of that course, teachers need an organized approach to capturing the various significant facets of mathematics that can be involved in curriculum decision making.  The Framework and Situations can be very useful for highlighting these aspects and even guiding the redesign of their particular curriculum units.  They will reveal to the teachers that doing mathematics is more than just doing computations/manipulations.  They will reveal the rich possibilities and ways of thinking about nearly every situation they encounter in their own work of teaching mathematics. 

Specific Setting for use: 
I would present students with examples of situations each of which have five foci – one elucidating each aspect of the MWT part of the framework.   Students would be asked to contribute more options within each focus that went beyond the example I provide in that focus.  This would give them the opportunity to illustrate or see how specific aspects of mathematical proficiency (MP) and activity (MA) can emerge as critical features of the students doing mathematics.   In fact, I would ask them to deliberately connect the exposition of each focus to a few specific components of MA and MP.  Collectively, the Situations should give multiple focused expositions of the kind of proficiency that would be helpful in a variety of topics and contexts for curriculum decision making.  
With this grounding in the Framework and Situations as pointers to the multifaceted nature of understanding and doing mathematics, I might then have the students, as homework, design their own Situations using prompts that I gave them and Situations where they must provide the prompts.  In both cases I would ask them to submit the following tasks:
FOCUS 1:    Map the Situation prompt to knowing and using the curriculum  (MWT#3)

FOCUS 2:    Map the prompt to fundamental mathematical concepts and procedures, thus illustrating “analyzing” and “probing”. (MWT#1)

FOCUS 3:    Map the prompt to core mathematical practices such as the use of exploring and deriving, organized calculating, consolidating, gerberizing etc. (MWT#5)

FOCUS 4:    Map the prompt to Student operational thinking and meaning (MWT#2&4)
Once students have gained insight into the rich possibilities revealed by the framework and have addressed other issues related to curriculum design (students with special needs, cultural relevance, methods for engaging students, use of technology and other instruments, pedagogical decision making, etc), they would be asked to redesign a unit of mathematics in their curriculum .  They would be asked to teach the unit and use daily journals to note student learning, wondering, and questioning.  They would be asked to produce two or three pivotal situations that capture the highlights of the mathematical thinking that was achieved in the unit.  They would be asked to pay particular attention to the foci on assessing and accessing student thinking in the write-up of these situations while still reflecting on and producing foci related to the other components of MWT.  These situations would be submitted as part of their overall evaluation and analysis of the unit and its effect on student learning.  
Describe typical use:
The students might be asked to study a unit on complex numbers and operations from a precalculus text.  This would be done as a preliminary to their own unit designs and as a stage for using the Framework and Situations as described in the first part of the above setting. I would first teach them a short unit on complex number and operations that uses a classical approach to the content engaged with an inquiry pedagogy.   To help them reflect on the unit and the curriculum decision making and design at the heart of the unit as well as to get them to explore possibilities that were not exploited or brought out in the unit,  I could pose the situation related to the multiplication of (3+2i)(4+i).  I could give an example of each of the following foci: (Possible examples are suggested in italics and only point to possible expositions that would be given.)

FOCUS 1:    Map the prompt to fundamental ideas, thus illustrating “analyzing”. (MWT#1)

· How do you connect the vector work in the situation with the fundamental notion of the rotation interpretation of complex multiplication?? The Situation, as is, fails to complete this connection…It makes no effort to get to the punch line  which is the polar form of (3+2i)(4+i), i.e. r(cos T + iSin T), where r is the modulus of (3+2i)(4+i) and T is the sum of the angles of (3+2i) and (4+i).  This line of thought connects to the Validating (proving sum of angles idea using inverse tangent function and algebra), Conjecturing, noticing, generalizing, transforming of MA and conceptual/procedural and adaptive reasoning component of MP. Any one of these could be highlighted well in this example. 

· The vector representation of complex operations can be compared to other representations along with a discussion of the meaning of “multiplying vectors”.  The relation of vector addition to the notion of multiplication is key to the value of this representation.  This connects to Transforming and Modeling of the MA and of course Conceptual and Procedural of MP.  

· Complex multiplication extends real multiplication.  This merits discussion and highlights the Extending and Constraining Component as well as the Structural and Notation noticings of MA.

FOCUS 2:   Map the Situation prompt to the curriculum  (MWT#3)

· Recognize paths and ramps starting from definition of complex multiplication and leading to DeMoivre.

· Expose CME and Traditional curriculum ramps.

· Remember, the piece of school math phenomenon in the Stuation is a pointer to other such instances and is part of a path to some big peaks in our curriculum, possibly several paths. Be clear about the peaks.

· Emphasize structural, notational, inferential and existential noticings in the mapping of the prompt to the curriculum.  This focus could also make ties to historical, philosophical, conceptual and procedural dimensions of MP. 

FOCUS 3:     Map the prompt to core practices (MWT#4)

· Explore this with multiply linked representations (point and measurement capturing and dragging etc.) of CAS-Spreadsheet-Geometry exploration using TI-Nspire or GeoGebra-CAS, or some other utility.  Connect this to TPACK component and exploration, generalizing, conjecturing, representing, and transforming components of MA.  

· Examine strategic pedagogical decision making in light of demands of validation – For example, do you use an inverse tangent argument to prove the generalization?  Do you just say it works….”It’s the law!”  Do you argue empirically that it must be true?  

· Examine the affects on dispositions of students.  How does this empower them? Why should they care? Anticipate RTA’s (reactions to abstractions).  Connect to disposition component of MP.

FOCUS 4:    Map the prompt to Student operational thinking and meaning (MWT#2&4) Here I would use the teaching and learning activities we engaged in to revive their knowledgebase of complex numbers.  I would journal the activity noting their learning, wondering, and questioning. I would use that as the sample for the items in this category.  Here are some possibilities. 
· Examine student visual reasoning and ability to graphically multiply.  

· Examine student linkage of notation to graphs and vectors. 

· Examine student sense of “operation” and properties of those operations.  Does the vector representation preserve the properties?  

· Examine student concept map of complex operations and real number operations.

· Connect this to a ton of components of MA and MP including strategic reasoning, procedural/conceptual understanding, disposition, noticing, etc.

Describe the mathematical goal(s) of the use:  
Mathematical activity that leads to mathematical learning by teachers and students in classroom settings happens by design.  Teacher’s role is central in making rich mathematical activity happen.  

Challenges in Implementation:
One of the main challenges is getting teachers to not try to do too much in their designs.  Many teachers that have done action research projects felt they put so much into the design, they would never do this again in their own practice because they simply would not have the time.

What would you like to know about the effects of implementing your idea? 

I would like to see whether there would be a change in the curriculum redesigns that the teachers do for their capstone projects.

