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What needs to be done to achieve each of our major tasks

	
	Summer 2008
	Fall 2008
	Spring 2009
	Summer 2009
	Fall 2009

	Literature Review
	First Draft
	Revision
	Revision
	Revision
	Final

	Commissioned Papers
	ID
	First Drafts
	Revision
	Final
	

	Conference I (PA)
	
	October 11
	
	
	

	Conference II (GA)
	
	
	
	May 31---
	

	Monograph
	
	
	
	
	?????


Literature Review --  

We need an initial literature synthesis on mathematical proficiency for secondary mathematics teaching.

Commissioned Papers – 

We need to develop a plan for the Commissioned Papers so that they inform Conference II and comprise major pieces for the monograph.

Some possible topic areas for the Commissioned Papers: Various aspects of mathematics proficiency for secondary mathematics teaching; different points of view/components of the framework; reactions to the conferences

Conference I  (PA) Fall 2008   20 to 24 participants

Reaction to Framework

Drafts of commissioned papers

Conference II  (GA)  Spring 2009    Dissemination.  ~60 people?

Monograph --  Will include but not be limited to Commissioned Papers

Mathematical Proficiency for Teaching at the Secondary Level

1. Proficiency in mathematics content (PMC)


Conceptual understanding

Procedural fluency


Strategic competence


Adaptive reasoning


Productive disposition



Cultural and historical knowledge

	Content for Elementary Students 
	Content for Secondary Students 
	Content for Collegiate Students 

	
	Notion of a mathematical system: Role of definition, theorem, axiom, undefined terms
	Work with mathematical systems as objects

	Providing explanation/reason
	Proving vs. providing explanation/reason
	Increasingly formal proof

	Variable as placeholder
	Focus on function and its domain
	

	Use of symbols
	Symbol systems
	

	
	Multiple symbolic conventions (e.g., concatenation, -1 used to designate exponent vs. -1 used to designate inverse)
	

	
	Focus on precision in langage (language becomes more mathematical)
	

	Work within a number system
	Work within several number systems, work within one geometry (Euclidean)
	Compare and contrast several number systems, work within several geometries

	Work with classes of objects, intuitive understanding of properties

(Van Hiele levels are an example of this)
	Systems of classes of objects, coding of properties

(Van Hiele levels are an example of this)
	

	Measurement: measure as a way of quantifying an attribute (measure is a way of associating a number with an attribute of an object), what common measures are, applying designated formulas, relationship between unit size and measure, derived measures are introduced in middle school
	Measurement: measures as a result of reasoning (obtained by reasoning with properties of geometry), derivation of formulas, drawing on and select from a range of formulas rather than applying one designated formula, transforming formulas
	

	Conceptual understanding: intuitive/perceptual constructs (description)
	Conceptual understanding: mathematically defined concepts (mathematically defining concepts usually starts at the secondary level)
	Conceptual understanding: mathematically defined concepts within different systems (generalized concept) (parallel lines in Euclidean geometry at the secondary level evolves into parallel lines in various geometries at the collegiate level) 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Content for Elementary Teachers 
	Content for Secondary Teachers 
	Content for Collegiate Teachers 

	
	The secondary teacher needs to teach structure.
	

	The elementary teacher needs to reason mathematically.
	The secondary teacher needs to reason about mathematics (metamathematics).
	The collegiate teachers needs to symbolize reasoning.

	
	The secondary teacher needs to understand concepts perceptually, as mathematically defined, and within an axiomatic system as well as connections between perceptually defined concepts and their mathematical definitions.
	

	
	The secondary teacher needs to move students toward abstraction. 
	

	
	The secondary teacher needs to help students build more elaborated concept images.
	

	
	The secondary teacher needs to help students understand properties and connections within a universe (system).
	

	
	The secondary teacher needs to help students learn to reason with properties, definitions, and axioms (higher Van Hiele levels).
	

	
	The secondary teacher needs to help students reason with increasing complexity.
	


2. Proficiency in mathematics teaching (PMT)


Knowing students as learners 


Assessing one’s teaching


Understanding and using examples and tasks


Understanding and using classroom discourse


Knowing and using the curriculum


Knowing and using instructional tools and materials

Here are some ways secondary mathematics teachers draw on their mathematical knowledge in these facets of the work of teaching secondary mathematics:

· By the time students reach the secondary level, they will have had a greater range of mathematical experiences and understandings. As a consequence, secondary teachers need to have a broader repertoire of mathematical knowledge to construct a greater range of learning trajectories. They need to be able to construct several potential paths to understanding a mathematical idea.

· Teachers need to be able to understand their students’ thinking. They need to be able to see the general in students’ particular answers. They need to be able to identify the level of abstraction on which a student is operating. They need to be able to understand how students are constructing mathematical ideas. They need to understand the mathematics of a range of cultures.

· Teachers need to engage students in discourse about procedures/methods; they need to help students look at mathematics as an object of study. They need to help students understand the entities they worked with at one level as objects at a higher level.  (e.g. starting with linear expressions, students learn to see them as functions, and then as one of many families of functions)

· Teachers need to engage students in working within and across levels (e.g., working within a geometry while comparing across geometries).

· Teachers need to be able to identify ‘big ideas’ in and across their curricula (e.g., equivalence) – and to help students see the ‘big ideas.’

· Additional types of differences across level of teaching to possibly pursue:

· Literacy/ mathematics as a discipline

· Algebraic  Thinking

· Fractions, ratio, proportion, percent

· Teachers need to help students transition in their quantitative reasoning: from working with physical objects to working with abstract objects; from reasoning less formally to reasoning more formally; from reasoning less globally to more globally.

· Teachers need to recognize the mathematical potential of particular representations and tools. They need to recognize the difference between a non-mathematical analogy and a representation or tool that has potential as a mathematical embodiment.

· Teachers need to understand the mathematics that underpins the tool (e.g.  
[image: image1.wmf] has real value when operating in the realm of complex numbers).

· Teachers need to draw on their mathematical knowledge in using textbooks and manipulative materials.  Teachers need to extract the mathematics from the curriculum materials, building on previous mathematics and building toward subsequent mathematics. Although much of this may be the same across elementary and secondary levels, secondary teachers may need to pay more attention to processes, systems.

3. Proficiency in mathematical activity (PMA)


Secondary mathematics teachers need to be able to engage in specifically mathematical activities that include the following:


Recognize structure and conventions

Recognize mathematical properties, constraints, or structure in a given mathematical entity or setting, or across instances of a mathematical entity.  Distinguish between structure and convention.

Note: At the secondary level, conventions are situated and at times ambiguous. 


Connect within and outside the subject



By recognizing structural similarity, seek and make connections between (features of) representations of the same mathematical object or different methods for solving problems (e.g., Euclidean algorithm and long division algorithm because they are structurally similar), between mathematical objects of different classes, between objects in different systems, or between properties of an object in a different system

Note: At the secondary level, teachers need to be able to connect in a technical and mathematical way to other academic areas.  This requires knowing those other areas in a technical way. They need to know connections to the outside world in for the purpose of being facile in illustrating the ways in which mathematics is used in the real world (to motivate the study of particular mathematical topics). They need also to know how the mathematics they are teaching connects to other mathematics (to help students see mathematics as a coherent, connected whole). 

Represent



For given representations, communicate about them and interpret them in the context of the signified, orchestrate movements between them, and craft analogies to describe the representations, objects, and relationships.

Note: Secondary teachers need to be conscious of what properties of an object are potentially foregrounded in a particular representation. They must choose representations to reflect selected properties of the objects they represent. Secondary teachers must distinguish between mathematical representations and the objects they represent (e.g., a graph is not a function but can serve as a representation of a function; the circular inscription a teacher draws on the board on the one the teacher constructs on the dynamic geometry tool is not a circle (no matter how perfectly it is drawn) but can serve as a representation of a circle). 


Generalize



 Modify domain, arguments, or class of objects and examine the new entity for valid mathematical statements.


Constrain 


      Create a mathematical entity or setting from known constraints properties. Impose or recognize constraints on a mathematical entity or setting.

Note: One type of constraint that is sometimes ignored is to identify the set on which operations are acting. The secondary teacher needs to make explicit the sets on which operations are acting.


Model 



Identify or create a mathematical object to reflect the key features of a phenomenon.  
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