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CUIN 7333 Developing Algebraic Thinking


Department of Curriculum and Instruction, Mathematic Education
CUIN 7333 Developing Algebraic Thinking
Section #31104 , Spring 2010
	Instructor(s):  Raymond Cain, Jr.

                        (rcain@houstonisd.org)

                        Rebecca George
                        (bekki@math.uh.edu)
	Course Location:  Off-Campus Site (HCCS @ Town and Country Mall, Room 105

	Phone:  713-553-8947 (Cain)


	Week Time:    Tuesday, 5:00 p.m. – 8:00 p.m.
Online Office Hours:  

Face-to-Face Office Hours:  By Appt.


ADA Statement
UH adheres to all applicable federal, state, and local laws, regulations, and guidelines with respect to providing reasonable accommodations for students with disabilities.  Students with disabilities should register with Disabled Student Services and contact instructor(s) in a timely manner for appropriate accommodations. For students wishing special accommodations for tests and assignments, please contact the Center for Students with Disabilities at 713-743-5400.

Course Materials:  

Moses, B. (Ed.). (1999). Algebraic thinking, grades K – 12. Reston, VA: National Council of Teachers of Mathematics. – COURSE PACKET
Chapter 15: Algebraic Thinking: Generalizations, and Functions of Van de Walle, J. A. (2007). Elementary and Middle School Mathematics: Teaching Developmentally (6th Ed.).  Boston, MA: Allyn and Bacon. 
Recommended – 

Become a member of the National Council of Teachers of Mathematics. (http://nctm.org/). 
NCTM (2000).  Principles and standards for school mathematic.  Reston, VA:  National Council of Teachers of Mathematics.   

Integration of Technology

The use of technology is embedded throughout this course in a number of ways:

· All students will use Blackboard Vista to participate in asynchronous and synchronous electronic discussions and chats, post readings, and submit written assignments.

· Students are expected to use word-processing and utilize internet-based mathematics education resources such as those found at http://www.nctm.org/ and http://learner.org.   
· All students are expected to communicate by email. 
· Integration of technology (e.g., graphing calculators, CBL’s, CBR’s, spreadsheets, active boards) for mathematics instruction is embedded throughout this course.   

Course Description and Strategies of Instruction  

This course is designed for Curriculum and Instruction M.Ed or Ed.D students seeking an emphasis in mathematics education.  It is one of five courses of the 4-8 Master Mathematics Teacher Certification Program.  It is designed to expand your understanding of research and best practices for teaching algebraic concepts in grades K-12. Activities and readings of the course are intended to further knowledge about what the mathematics education community reports about how children develop algebraic concepts and the corresponding instructional practices that facilitate this development.  Small-group algebra-related activities, electronic discussions, student presentations, and peer evaluations are important instructional strategies that will be utilized in this course.
State and National Standards 
This course addresses the Texas SBEC 4-8 Master Mathematics Teacher Standards specific to Patterns and Algebra:

Standard II: Patterns and Algebra: The Master Mathematics Teacher understands and applies knowledge of patterns, relations, functions, algebraic reasoning, analysis, and the vertical alignment of patterns and algebra to teach the statewide curriculum (Texas Essential Knowledge and Skills [TEKS]).

Standard VI: Instruction: The Master Mathematics Teacher applies knowledge of mathematical content, uses appropriate theories for learning mathematics, implements effective instructional approaches for teaching mathematics, including teaching students who are at-risk, and demonstrates effective classroom management techniques.

Standard VII: Creating and Promoting a Positive Learning Environment: The Master Mathematics Teacher demonstrates behavior that reflects high expectations for every student, promotes positive student attitudes towards mathematics, and provides equitable opportunities for all students to achieve at a high level.

Standard VIII: Assessment: The Master Mathematics Teacher selects, constructs, and administers appropriate assessments to guide, monitor, evaluate, and report student progress to students, administrators, and parents, and develops these skills in other teachers.

MASTER MATHEMATICS TEACHER COMPETENCIES
Competency 006: The Master Mathematics Teacher 4–8 understands and uses mathematical reasoning to identify, extend, and analyze patterns and understands the relationships among variables, expressions, equations, inequalities, relations, and functions, using technology as appropriate.

The Master Mathematics Teacher:

· Uses inductive reasoning to identify, extend, generalize, and create patterns using concrete models, geometric figures, numbers, and algebraic expressions.

· Formulates implicit and explicit rules to describe and construct sequences verbally, numerically, graphically, and symbolically.
· Makes, tests, validates, and uses conjectures about patterns and relationships in data presented in tables, sequences, or graphs.

· Uses methods of recursion and iteration to model and solve problems.

· Analyzes the properties of sequences and series and uses them to solve problems involving finite and infinite processes, including problems related to simple and compound interest rates, and average and instantaneous rates of change.

· Gives appropriate justification of the manipulation of algebraic expressions, equations, and inequalities.

· Analyzes attributes of functions and relations (e.g., domain, range, one-to-one functions, inverse functions) and their graphs.

· Illustrates the concept of a function using concrete models, tables, graphs, and verbal and symbolic representations.

· Uses transformations to illustrate properties of functions and relations and to solve problems.

Competency 007: The Master Mathematics Teacher 4–8 understands and uses linear functions to model and solve problems using a variety of methods, including technology.

The Master Mathematics Teacher:

· Demonstrates an understanding of the concept of linear function using concrete models, tables, graphs, and verbal and symbolic representations.

· Demonstrates an understanding of the connections among linear functions, proportions, and direct variation.

· Determines a linear function that models a set of data.

· Analyzes the relationships among a linear function, its average rate of change, and its graph.

· Uses linear functions, inequalities, and systems to model real-world situations.

· Uses a variety of representations and methods (e.g., numerical methods, tables, graphs, algebraic techniques) to solve systems of linear equations and inequalities.

· Uses transformations to illustrate properties of linear functions and to solve problems.

· Describes and predicts the effects of transformations on the graphs of linear functions.

· Demonstrates an understanding of the characteristics of linear models and the advantages and disadvantages of using a linear model in a given situation.

Competency 008: The Master Mathematics Teacher 4–8 understands and uses quadratic functions and relations to model and solve problems using a variety of methods, including technology.

The Master Mathematics Teacher:

· Uses a variety of methods to investigate the roots (real and complex), vertex, and symmetry of a quadratic function or relation.

· Demonstrates an understanding of the connections among geometric, graphic, numeric, and symbolic representations of quadratic functions.

· Uses transformations to illustrate properties of quadratic functions and relations and to solve problems.

· Understands the effects of transformations on the graph of a quadratic function.

· Uses quadratic functions to analyze, model, and solve problems.

· Uses a variety of representations and methods (e.g., numerical methods, tables, graphs, algebraic techniques) to solve systems of equations and inequalities involving quadratics.

Competency 009: The Master Mathematics Teacher 4–8 understands and uses nonlinear functions and relations, including polynomial, absolute value, trigonometric, rational, radical, exponential, logarithmic, and piecewise-defined functions, to model and solve problems using a variety of methods, including technology.

The Master Mathematics Teacher:

· Demonstrates an understanding of the connections among geometric, graphic, numeric, and symbolic representations of nonlinear functions.

· Uses transformations to illustrate properties of nonlinear functions and relations and to solve problems.

· Understands the effects of transformations on the graph of a nonlinear function.

· Analyzes data and represents and solves problems involving exponential growth and decay.

· Demonstrates an understanding of the connections among proportions, inverse variation, and rational functions.

· Applies properties and graphs of nonlinear functions to analyze, model, and solve problems.

Competency 010: The Master Mathematics Teacher 4–8 understands and uses the conceptual foundations of calculus related to topics in middle school mathematics.

The Master Mathematics Teacher:

· Relates topics in middle school mathematics to the concept of limit in sequences and series.

· Relates the concept of average rate of change to the slope of the secant line, and relates instantaneous rate of change to the slope of the tangent line.

· Relates topics in middle school mathematics to the area under a curve.

· Demonstrates an understanding of the use of calculus concepts to answer questions about rates of change, areas, volumes, and properties of functions and their graphs.

Competency 011

The Master Mathematics Teacher 4–8 plans and designs effective instruction and assessment based on knowledge of how all students, including students who are at-risk, learn and develop patterns and algebra concepts, skills, and procedures.

The Master Mathematics Teacher:

· Evaluates and applies established research evidence on how all students, including students who are at-risk, learn and use patterns and algebra.

· Recognizes and uses the vertical alignment of patterns and algebra across grade levels to plan instruction based on state standards.

· Sequences instruction, practice, and applications based on students' instructional needs so that students develop accuracy and fluency of patterns and algebra.

· Uses evidence of students' current understanding of patterns and algebra to select strategies to help students move from informal to formal knowledge.

· Structures problem-solving activities so students can recognize patterns and relationships within patterns and algebra.
· Designs challenging and engaging problem-solving tasks that develop patterns and algebra content knowledge as well as students' critical and analytical reasoning capacities.

· Integrates patterns and algebra concepts within and outside of mathematics.

· Selects appropriate materials, instructional strategies, and technology to meet the instructional needs of all students.

· Uses strategies to help students understand that results obtained using technology may be misleading or misinterpreted.

· Recognizes common errors and misconceptions and determines appropriate correction procedures.

· Develops assessments based on state and national standards to evaluate students' knowledge of patterns and algebra.

· Evaluates an assessment for validity with respect to the measured objectives.

· Analyzes and uses assessment results from various diagnostic instruments to plan, inform, and adjust instruction.

· Recognizes how to provide equity for all students in mathematics instruction through reflection on one's own attitudes, expectations, and teaching practices.

Competency 012: The Master Mathematics Teacher 4–8 implements a variety of instruction and assessment techniques to guide, evaluate, and improve students' learning of patterns and algebra concepts, skills, and procedures.

The Master Mathematics Teacher:

· Creates a positive learning environment that provides all students with opportunities to develop and improve patterns and algebra concepts, skills, and procedures.

· Knows how to teach patterns and algebra concepts, skills, procedures, and problem-solving strategies using instructional approaches supported by established research.

· Knows how to maximize student/teacher and student/student interaction and analyzes students' abilities to correctly apply new content.

· Uses multiple representations, tools, and a variety of tasks to promote students' understanding of patterns and algebra concepts.

· Introduces content by carefully defining new terms using vocabulary that the student already knows.

· Uses a variety of questioning strategies to identify, support, monitor, and challenge students' mathematical thinking.

· Demonstrates classroom management skills, including applying strategies that use instructional time effectively.

· Administers a variety of appropriate assessment instruments and/or methods (e.g., formal/informal, formative/summative) consisting of worthwhile tasks that assess mathematical understanding, common misconceptions, and error patterns associated with learning patterns and algebra concepts.
· Evaluates and modifies instruction to improve learning of patterns and algebra concepts, skills, and procedures for all students based on the results of formal and informal assessments.
This course also addresses the following TExES 4-8 and 8-12 Mathematics and Pedagogical and Professional Responsibility Standards:
Mathematics Standards
Standard II. Patterns and Algebra: The mathematics teacher understands and uses patterns, relations, functions, algebraic reasoning, analysis, and technology appropriate to teach the statewide curriculum (Texas Essential Knowledge and Skills [TEKS]) in order to prepare students to use mathematics.

Standard V. Mathematical Processes: The mathematics teacher understands and uses mathematical processes to reason mathematically, to solve mathematical problems, to make mathematical connections within and outside of mathematics, and to communicate mathematically.

Standard VII. Mathematical Learning and Instruction: The mathematics teacher understands how children learn and develop mathematical skills, procedures, and concepts, knows typical errors students make, and uses this knowledge to plan, organize, and implement instruction; to meet curriculum goals; and to teach all students to understand and use mathematics.

Standard VIII. Mathematical Assessment: The mathematics teacher understands assessment and uses a variety of formal and informal assessment techniques appropriate to the learner on an ongoing basis to monitor and guide instruction and to evaluate and report student progress.

Standard IX. Professional Development: The mathematics teacher understands mathematics teaching as a profession, knows the value and rewards of being a reflective practitioner, and realizes the importance of making a lifelong commitment to professional growth and development.

PEDAGOGY AND PROFESSIONAL RESPONSIBILITIES STANDARDS

Standard I.* The teacher designs instruction appropriate for all students that reflects an understanding of relevant content and is based on continuous and appropriate assessment.

Standard II.* The teacher creates a classroom environment of respect and rapport that fosters a positive climate for learning, equity, and excellence.

Standard III.* The teacher promotes student learning by providing responsive instruction that makes use of effective communication techniques, instructional strategies that actively engage students in the learning process, and timely, high-quality feedback.

Standard IV. The teacher fulfills professional roles and responsibilities and adheres to legal and ethical requirements of the profession.
As well as the National Council of Teachers of Mathematics Professional Standards:
	NCTM (1991).  Professional Standards

	I) Standards for Teaching Mathematics 

Standard 1: Worthwhile Mathematical Tasks
Standard 2: The Teachers' Role in Discourse
Standard 3: Students' Role in Discourse
Standard 4: Tools for Enhancing Discourse
Standard 5: Learning Environment
Standard 6: Analysis of Teaching and Learning

	II) Standards for the Evaluation of Teaching of Mathematics

Standard 1: The Evaluation Cycle
Standard 2: Teachers as Participants in Evaluation
Standard 3: Sources of Information
Standard 4: Mathematical Concepts, Procedures, and Connections
Standard 5: Mathematics as Problem Solving, Reasoning, and Communication
Standard 6: Promoting Mathematical Disposition
Standard 7: Assessing Students' Understanding of Mathematics
Standard 8: Learning Environments

	III) Standards for the Professional Development of Teachers of Mathematics

Standard 1: Experiencing Good Mathematics Teaching
Standard 2: Knowing Mathematics and School Mathematics
Standard 3: Knowing Students as Learners of Mathematics
Standard 4: Knowing Mathematical Pedagogy
Standard 5: Developing as a Teacher of Mathematics
Standard 6: Teachers' Role in Professional Development
	IV)  Standards for the Support and Development of Mathematics Teachers and Teaching

Standard 1: Responsibilities of Policymakers in Government , Business, and Industry
Standard 2: Responsibilities of Schools and School Systems
Standard 3: Responsibilities of Colleges and Universities
Standard 4: Professional Organizations' Responsibilities



Mathematics Education Program Area Philosophy 

The Mathematics Education Program Area promotes principles of socially mediated and constructed learning.  Under this umbrella, instructional activities have been designed in such a way that students will engage in personal problem solving and the creation of meaningful representations of algebraic concepts, how children learn such concepts, and best practices for teaching these concepts.  In participating in these activities students strengthen understanding of course content while developing skills necessary for leadership within mathematics education communities.  Our program reflects the College of Educations Conceptual Framework of Collaboration for Learning and Leading as well as the National Council of Teachers of Mathematics (NCTM) Principles and Standards.

Relationship to the College of Education Conceptual Framework

Collaboration is especially emphasized in the daily activities of this course in that candidates will engage in dialogue with peers that will demand appreciation and respect for the diverse perspectives that will naturally emerge through discussions of mathematics education literature.
Learning is emphasized in this class through personal, thoughtful reflections regarding course readings, videos, and dialogue with peers.

Leading is highlighted as students facilitate discussions regarding course readings, share materials from the literature, and participate in providing constructive feedback to peer presentations and written work.

Addressing the Needs of Diverse Learners  

An important aspect of mathematics education reform is how such reform affects the needs of diverse learners.  Therefore this topic will frequently be addressed in class.  Furthermore, engagement in dialogue with peers throughout the semester will require attention to the diversity among peers with varying learning preferences and different cultural and ethnic backgrounds.
Academic Honesty Statement 
Students are expected to abide by the university’s academic honesty policy in all matters concerning this course.  (http://www.uh.edu/dos/hdbk/acad/achonpol.html).  In particular, plagiarism, “Representing as one’s own work the work of another without acknowledging the source,” whether intentional or unintentional, will not be tolerated.  
Course Objectives and Assessments

	The Student of CUIN 7333 will


	As Measured By

	Understand and use mathematical reasoning to identify, extend, and analyze patterns and understands the relationships among variables, expressions, equations, inequalities, relations, and functions, using technology as appropriate.


	Graded HW/5 Mathematics Assessments
Midterm Exam

Final Exam

	Understand and use linear functions to model and solve problems using a variety of methods, including technology.


	

	Understand and use quadratic functions and relations to model and solve problems using a variety of methods, including technology.


	

	Understand and use nonlinear functions and relations, including polynomial, absolute value, trigonometric, rational, radical, exponential, logarithmic, and piecewise-defined functions, to model and solve problems using a variety of methods, including technology.


	

	Understand and use the conceptual foundations of calculus related to topics in middle school mathematics.


	

	Plan and design effective instruction and assessment based on knowledge of how all students, including students who are at-risk, learn and develop patterns and algebra concepts, skills, and procedures.


	TEKS Alignment 

Lesson Plan Analysis

Algebra Unit Exam Analysis

Task-based Interview with 4-8 students

Video Analysis

Midterm Exam

Final Exam

	Implement a variety of instruction and assessment techniques to guide, evaluate, and improve students' learning of patterns and algebra concepts, skills, and procedures.
	


  
Graded HW/Mathematics Assessments:  Each week there will be a set of problems that align with the listed objectives.  Students must submit their work on Blackboard Vista and take the corresponding Assessment.  
TEKS Alignment Assignment & Presentation
Lesson Plan Analysis:  For this lesson you will need to submit (by the third week of classes) two lesson plans that you have used or intend to use.  The content must address algebraic concepts.    
Unit Exam Analysis Read Kastberg (2003) - Use a unit exam/chapter test you (or your department) has used.  Analyze this test in a way similar to Kastberg.  Submit your analysis, the test and suggested revisions. IF A STUDENT GETS A 100 ON THE OLD TEST, WHAT CAN YOU SAY ABOUT THE STUDENT’S KNOWLEDGE OF THE CONTENT?  WHAT ABOUT THE NEW TEST?
Video Analysis; Respond to the following questions in response to each video:  1. What Algebraic Concept(s) is being taught?  What Student Expectations (SE) are being addressed? What pedagogy displayed best exhibit teaching students at the appropriate level (as denoted in the TEKS/SE)?
Midterm Exam

Final Exam
MATERIALS, READINGS, VIDEOS, ETC TO CONSIDER USING
TAKS card sort activity (algebraic thinking) – could be universal across all 4 courses

Brother and I Problem

Schifter, D. (1999).  Reasoning about operations:  Early algebraic thinking in grades K-6.  In L. Stiff & F. R. Curcio (Eds.), Developing mathematical reasoning in grades K-12:  1999 Yearbook (pp. 62-81).  Reston, VA: National Council of Teachers of Mathematics.
Intro to Graphing Calculator Lesson

Video 1. Algebraic Thinking (http://learner.org/vod/vod_window.html?pid=1543)
Begin to explore what it means to think algebraically and learn to use algebraic thinking skills to make sense of different situations. This session covers describing situations through pictures, charts, graphs, and words; interpreting and drawing conclusions from graphs; and creating graphs to match written descriptions of real-life situations.
Video 2. Patterns in Context  (http://learner.org/vod/vod_window.html?pid=1544)
Explore the processes of finding, describing, explaining, and predicting using patterns. Topics covered include how to determine if patterns in tables are uniquely described and how to distinguish between closed and recursive descriptions. This session also introduces the idea that there are many different conceptions of what algebra is. . 

.Video 3. Functions and Algorithms (http://learner.org/vod/vod_window.html?pid=1545)
Investigate algorithms and functions. Topics covered include the importance of doing and undoing in mathematics, determining when a process can or cannot be undone, using function machines to picture and undo algorithms, and the unique outputs produced by functions.  


Video 4. Proportional Reasoning (http://learner.org/vod/vod_window.html?pid=1546)
Look at direct variation and proportional reasoning. This investigation will help you to differentiate between relative and absolute meanings of "more" and to compare ratios without using common denominator algorithms. Topics include differentiating between additive and multiplicative processes and their effects on scale and proportionality, and interpreting graphs that represent proportional relationships or direct variation. . 


Video 5. Linear Functions and Slope (http://learner.org/vod/vod_window.html?pid=1547)
Explore linear relationships by looking at lines and slopes. Using computer spreadsheets, examine dynamic dependence and linear relationships and learn to recognize linear relationships expressed in tables, equations, and graphs. Also, explore the role of slope and dependent and independent variables in graphs of linear relationships, and the relationship of rates to slopes and equations. . 


Video 6. Solving Equations (http://learner.org/vod/vod_window.html?pid=1548)
Look at different strategies for solving equations. Topics include the different meanings attributed to the equal sign and the strengths and limitations of different models for solving equations. Explore the connection between equality and balance, and practice solving equations by balancing, working backwards, and inverting operations. . 


Video 7. Non-Linear Functions (http://learner.org/vod/vod_window.html?pid=1549)
Continue exploring functions and relationships with two types of non-linear functions: exponential and quadratic functions. This session reveals that exponential functions are expressed in constant ratios between successive outputs and that quadratic functions have constant second differences. Work with graphs of exponential and quadratic functions and explore exponential and quadratic functions in real-life situations. . 


Video 8.   More Non-Linear Functions (http://learner.org/vod/vod_window.html?pid=1550)
Investigate more non-linear functions, focusing on cyclic and reciprocal functions. Become familiar with inverse proportions and cyclic functions, develop an understanding of cyclic functions as repeating outputs, work with graphs, and explore contexts where inverse proportions and cyclic functions arise. Explore situations in which more than one function may fit a particular set of data. . 


Video 9.  Algebraic Structure (http://learner.org/vod/vod_window.html?pid=1551)
Take a closer look at "algebraic structure" by examining the properties and processes of functions. Explore important concepts in the study of algebraic structure, discover new algebraic structures, and solve equations in these new structures. 

Video 11. Classroom Case Studies, Grades 3-5 (http://learner.org/vod/vod_window.html?pid=2106)
Explore how the concepts developed in Patterns, Functions, and Algebra can be applied at different grade levels. Using video case studies, observe what teachers do to develop students’ algebraic thinking and investigate ways to incorporate algebra into K-8 mathematics curricula. This video is for the 3-5 grade band.


Video 12. Classroom Case Studies, Grades 6-8 (http://learner.org/vod/vod_window.html?pid=2107)
Explore how the concepts developed in Patterns, Functions, and Algebra can be applied at different grade levels. Using video case studies, observe what teachers do to develop students’ algebraic thinking and investigate ways to incorporate algebra into K-8 mathematics curricula. This video is for the 6-8 grade band.

Important Dates:
January 22, 2010: Deadline to apply for CUIN M.Ed Comp Exams
January 25, 2010 – Last day to add a class
February 1, 2010 – Official Reporting Day, last day to drop a course without hours counting towards the Enrollment Cap for Texas Residents; Last day to drop a class or withdraw without receiving a grade
February 12, 2010 – Deadline to apply for CUIN Ed.D Comp Exams
February 20, 2010 – CUIN  M.Ed Comp Exams
Feb 26, 2010- End of regular filing period to apply online for graduation with $25 fee.
March 15-20, 2010 – Spring holiday
March 26, 2010- End of late filing period to apply online for graduation with $50 fee.
March 26 & 27, 2010 – CUIN Ed.D Comp Exams
April 6, 2010 – Last day to drop a course or withdraw with a W
May 3, 2010 – Last day of classes
May 5 – 13, 2010 – Final Examination period
May 14, 2010– Official closing of the fall semester
Tentative Schedule
	Week 1

1/19
	Syllabus

Pre-Test (Algebraic Thinking)

Topics:  Algebraic Thinking
Objectives:        

Activities

HW

· View Video 1

· Reflection:  Video 2

	
	

	Week 2

1/26
	Topics: Patterns in Context
Objectives:        

HW

· Reflection:  Video 4

	
	


	Week 3

2/02
	Topics: Proportional Reasoning
Objectives:        

HW
· Reflection:  Video 3


	
	

	Week 4

2/09
	Topics: Functions and Algorithms
Objectives:        

HW

· 

	
	

	Week 5

2/16
	Topics: 

Objectives:        

HW


	

	Week 6

2/23
	Topics: 

Objectives:        

HW



	
	

	Week 7

3/02
	Topics: 

Objectives:        

HW

· 

	
	

	Week 8

3/09
	Topics: 

Objectives:        

HW



	Week 9

3/23
	Topics: 

Objectives:        

HW

· 

	
	


	Week 10

3/30
	Topics: 

Objectives:        

HW



	
	

	Week 11

4/06
	Topics: 

Objectives:        

HW



	Week 12

4/13
	Topics: 

Objectives:        

HW



	Week 13
4/20
	Topics: 

Objectives:        

HW



	Week 14
4/27
	Topics: 

Objectives:        

HW



	Week 15
4/27
	Final Exam 


8
7

