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MATH 614: Rational Numbers & Proportional Reasoning for K-8 Teachers

Prequisites

Enrollment in the Mathematics Specialist or the Advanced Studies in Teaching and Learning programs.
Course Objective

This course will cover the basic number strands in fractions and rational numbers, decimals and percents, and ratios and proportions in the school curriculum. Instruction will cover interpretations, computations, and estimation with a coordinated program of activities that develop both rational number concepts and skills and proportional reasoning.


Course Necessity

The course is designed for K-8 teachers to develop their knowledge and understanding of students’ mathematical reasoning as well as their own knowledge of foundational concepts in rational numbers and proportional reasoning for K-8 mathematics. The course has been developed in collaboration with a statewide program for mathematics specialists in Virginia. Developing K-8 teachers’ mathematics knowledge is a critical concern statewide and nationwide.

 
Course Relationship to Existing Programs

The course is included in two programs in the Graduate School of Education: the M.Ed. in Education Leadership – Concentration in Mathematics Specialist Leader (K-8) and the M.Ed. in Curriculum and Instruction – Concentration in Advanced Studies in Teaching and Learning: Elementary Mathematics. Students are enrolled in education courses to develop their knowledge and abilities as teacher leaders of mathematics.


Course Relationship to Existing Courses

The course is part of a five-course sequence included in each of the programs (MATH 610, 611, 612, 613, 614). The courses have similar objectives to develop teachers’ understanding of both the mathematics and students’ learning of the content for number systems, rational numbers, algebra, probability and statistics, and geometry.


Scheduling and Proposed Instructors

MATH 614 will be offered every other year (spring semester of odd years) and occasionally in the summer. Instructors may be mathematics education faculty from the Graduate School of Education or faculty or adjuncts selected with expertise in mathematics education.
Math 614: Rational Numbers and Proportional Reasoning for K-8 Teachers


George Mason University
Credits:  3 Graduate Credits

I. Course Description

This course for future K-8 mathematics teacher specialists will cover the Virginia SOL strands in fractions and rational numbers, especially those in grades 5-8. Instruction will cover interpretations, computations, and estimation with fractions, ratios, proportions, decimals, and percents through a coordinated program of activities that develop rational number concepts and skills. Special attention will be given to interpreting and assessing students’ work and learning.
Credit Hours:  3 graduate credit hours
Fundamental Knowledge: The course is designed to develop a comprehensive understanding of rational numbers and how the structure of this system is related to computations and problem solving. Special attention will be given to children’s thinking, how they learn this basic mathematics, their problem solving strategies, and how they construct their understanding of rational numbers and proportional reasoning.
Nature of Course Delivery
Class sessions will engage participants in hands-on, in-depth inquiry of mathematics topics related to the areas of rational numbers and proportional reasoning. 

II. Course Objectives: 
1. The student will deepen her or his understanding of rational numbers and proportional reasoning including the development of a variety of strategies for thinking about and working with concepts in these areas (see NCTM standard 9.4 below) extending from understanding of whole number operations and connecting to other number systems. This will include the following:

a. Relative and absolute thinking, units and assigning units, partitioning and quotients, rational numbers as measures, and rational numbers as operators;

b. The meaning and interpretation of operations for rational numbers;

c. Ratios and proportion

d. Representations of rational numbers as fractions, decimals, and percents.

2. The student will deepen her or his understanding of children’s mathematical learning of rational numbers in grades K-8.
3. The student will become knowledgeable about the recommendations of various members of the mathematics education community for content and curricular knowledge of school mathematics.
4. Development of the mathematician’s patterns of behavior and habits of mind with particular attention to reasoning and proof, problem solving, communication, representations, and connections.

5. The student will take responsibility for her or his own professional growth and contribute to the field of mathematics education.
NCTM Standards for Elementary Mathematics Specialists (2003)

Knowledge of Number and Operation 

Candidates demonstrate computational proficiency, including a conceptual understanding of numbers, ways of representing number, relationships among number and number systems, and the meanings of operations. 

Indicators 

9.1 Develop the meaning of addition, subtraction, multiplication, and division and provide multiple models for whole number operations and their applications. 

9.2 Recognize the meaning and use of place value in representing whole numbers and finite decimals, comparing and ordering numbers, and understanding the relative magnitude of numbers. 

9.3 Demonstrate proficiency in multi-digit computation using algorithms, mental mathematics, and computational estimation. 

9.4 Analyze integers and rational numbers, their relative size, and how operations with whole numbers extend to integers and rational numbers. 

9.5 Demonstrate knowledge of the historical development of number and number systems including contributions from diverse cultures.

III. Textbooks:
Fosnot, C. T., & Dolk, M. (2002). Young mathematicians at work: Constructing fractions, decimals, and percents. Heinemann, 2002

Lamon, S. J. (2006). Teaching fractions and ratios for understanding (2nd ed.). Mahwah, NJ: Lawrence Erlbaum. 

Smith, M. S., Silver, E. A., & Stein, M. K. (2005). Improving instruction in rational numbers and proportionality: Using cases to transform mathematics teaching and learning, volume 1. New York: Teachers College Press.

IV. Course Content and Sequence (See the schedule outlined below for exact sequence)

Within the context of rational numbers, participants will explore and develop fluency in multiple interpretations of fractions and be able to use these interpretations to solve complex problems involving rates, ratios, and proportional reasoning. Specific content covered will include the following mathematical and pedagogical content: 

· The role of context and the big idea of equivalence; especially equivalent fractions

· The historical roots of equivalence; early numbers systems and equivalent fractions

· Extending equivalence to include percents and decimals

· Connecting multiplication and division of fractions

· Developing mathematical models and their use in generalizations 

· Developing efficient computational strategies 

· Multiple sources of meaning and interpretations of rational numbers

· The importance of determining units in fraction problems

· Partitioning and quotients

· Rational numbers as measures and as operators

· Ratios, rates, and proportions

V. Course Requirements
This course is highly interactive. Successful completion of the course requires regular attendance, participation, and punctual completion of all class activities. Satisfactory assignments are mathematically accurate, reflect the intent of the national and state standards, incorporate a level of difficulty that is age-grade appropriate, and are relevant to the everyday experience of children at the given age-grade level.

Evaluation and Assessment: The course will be graded on a 100 point system with 

100-98 = A+, 97-93 = A, and 92-90 = A-, 89-87 = B+, 86-80 = B, 

79-77 = C+, 76-73 = C, and 72-70 = C-, 69 and lower = F

Grades will be assigned using the following percentages: 
	Mid-term Content Exam……………………………………………………
	30%

	Project
	30%

	Daily problem sets and class participation…………………………………
	20%

	Case Study Reflection……………………………………………………...
	10%

	Reflections on Content and Implications for Teaching and Learning……...
	10%


VI. Course Assignments
The assignments across the semester are intended to improve your knowledge and strategies as a mathematics leader. All assignments are to be completed on time so that class members might benefit from the expertise and contributions of their colleagues.

A. Mid-term Content Exam (30%)       

Students will take a mid-term covering the content studied in the course. The main focus of the exams will be on the mathematical content of the course. Students will be expected to demonstrate their own understanding and reasoning of the content as well as the knowledge and understanding needed by K-8 students in order to make sense of this content.

B. Project (30%)

Students will research students’ understanding, history, and the development of a concept in rational number. They will write a paper discussing how mathematics education has developed an understanding of the rational number concept and methods for representing the concept to enhance K-8 student understanding. This will include the development of problem sets and activities for K-8 teachers to use.

C. Daily problem sets and class participation (20%) 
Problems accompanying each chapter will be assigned for each class. Students are expected to complete these problems before class and incorporate their thinking about strategies used to solve the problems in class discussion. Work on problem sets will be shared in class and on occasion may be collected and evaluated.

Class sessions will consist of a discussion of the readings and related problems. Readings are to be completed before each class session. Students are expected to analyze and reflect on the readings and come to class prepared to participate in the discussion.
C. Case Study Reflection (10%)
During the course, we will be reading and discussing three cases of classroom mathematics lessons. Students will choose one (1) of these cases and write a reflection of their thinking about the case. Reflections should discuss the student’s reaction to the case and address at least three questions of interest posed in the “Extending Your Analysis of the Case” section accompanying the case.

D. Reflections on Content and Implications for Teaching and Learning (15%) 

Students will write reflections on content studied during the course. Students will complete three (3) reflections and may choose the content topics and/or problems/tasks that interest them from those assigned during class. This writing should include three major parts: 1) a description of the content and an example of the students’ thinking about that content (i.e., a problem or strategy); 2) a reflection on changes in the student’s own understanding and thinking with regard to that content; and 3) related implications for teaching and learning in the K-8 setting. Reflections may be submitted upon completion; see schedule for specific due dates.

Course Schedule
(Subject to change)

	Session
	Topic/Learning Experiences
	Readings & Assignments

Due on this Date

	1


	Course Introduction

Fractions and proportional reasoning: An overview
	1. Selected problems from Chapter 1 (Lamon)  (completed in class)

	2


	Fractions and proportional reasoning: An overview

Fractions and Rational Numbers

Relative and absolute thinking
	Lamon: Chapters 1, 2, & 3
1. Selected problems from Chapters 2 & 3 (Lamon)

	3


	Measurement

Quantities and covariation

“Mathematics” or “Mathematizing”

The role of context

Mathematical communities
	Lamon: Chapters 4 & 5

Fosnot & Dolk: Chapter 1
1. Selected problems from Chapters 4 & 5 (Lamon)

	4


	Reasoning up and down
Unitizing
	Lamon: Chapter 6 & 7

Fosnot & Dolk: Chapter 2
1. Selected problems from Chapters 6 & 7 (Lamon)




	5


	Sharing and comparing
Proportional reasoning

Equivalence

Developing big ideas and strategies
	Lamon: Chapters 8 & 9

1. Selected problems from Chapters 8 & 9 (Lamon)

2. Reflections on Content and Implications for Teaching and Learning – first reflection must be submitted by this date

	6


	Reasoning with fractions
Part-whole comparisons with unitizing

	Lamon: Chapter 10

Fosnot & Dolk: Chapter 3
1. Selected problems from Chapter 10 (Lamon)

	7


	Part-whole comparisons with unitizing
Developing big ideas and strategies

	Lamon: Chapter 11

Fosnot & Dolk: Chapter 4
1. Selected problems from Chapter 11 (Lamon)

	8
	MIDTERM EXAM
	

	9


	Partitioning and quotients

Developing mathematical models


	Lamon: Chapter 12

Fosnot & Dolk: Chapter 5

1. Selected problems from Chapter 12 (Lamon)

2. Reflections on Content and Implications for Teaching and Learning – second reflection must be submitted by this date

	10


	Rational numbers as operators

Rational numbers as measures

Algorithms vs. number sense


	Lamon: Chapter 13

Fosnot & Dolk: Chapter 6

1. Selected problems from Chapter 13 (Lamon)



	11


	Rational numbers as measures

Developing efficient computation with minilessons
	Lamon: Chapter 14

Fosnot & Dolk: Chapter 7
1. Selected problems from Chapter 14 (Lamon)

	12

	Ratios and Rates

Distance-rate-time relationships

Case study: Introducing ratios and proportions
	Lamon: Chapters 15 and 16

Smith, Silver, & Stein: Chapter 3
1. Selected problems from Chapters 15 & 16 (Lamon)

2. Case reflection: Marie Hanson*

	13


	Similarity and percents

Case study: Connecting fractions, decimals, and percents

FINAL EXAM
	Lamon: Chapter 17

Smith, Silver, & Stein: Chapter 2

Fosnot & Dolk: Chapter 9

1. Selected problems from Chapter 17 (Lamon)

2. Reflections on Content and Implications for Teaching and Learning – third reflection must be submitted by this date.
3. Case reflection: Randy Harris*

	14
	Changing fraction instruction

Teachers as mathematicians

Case study: Exploring problems involving ratios and percents
	Lamon: Chapter 18

Smith, Silver, & Stein: Chapter 5

Fosnot & Dolk: Chapter 9

1.  Review problems

2. Case reflection: Janice Patterson*


	15
	Class Presentations of PBA:


	


VII. University Policies

Individuals with Disabilities Policy

The university is committed to complying with the Rehabilitation Act of 1973 and the Americans with Disabilities Act of 1990 by providing reasonable accommodations for applicants for admission, students, applicants for employment, employees, and visitors who are disabled. Students with disabilities who seek accommodations in a course must be registered with the GMU Disability Resource Center (DRC) and inform the instructor, in writing, at the beginning of the semester. See www.gmu.edu/student/drc or call 703-993-2474 to access the DRC.

Attendance Policy

Students are expected to attend the class periods of the courses for which they register. Although absence alone is not a reason for lowering a grade, students are not relieved of the obligation to fulfill course assignments, including those that can only be fulfilled in class. Students who fail to participate (because of absences) in a course in which participation is a factor in evaluation, or students who miss an exam without an excuse, may be penalized according to the weighted value of the missed work as stated in the course syllabus. See http://www.gmu.edu/catalog/apolicies/#TOC_H12 for university attendance policies.
Professional Dispositions
Students are expected to exhibit professional behavior and dispositions. See http://cehd.gmu.edu/teacher/professional-disposition/  for a listing of these dispositions.
Responsible Use of Computing
Students must agree to abide by the university policy for Responsible Use of Computing. See http://www.gmu.edu/facstaff/policy/newpolicy/1301gen.html for the policy statement.
Honor Code
Students must follow the guidelines of the University Honor Code. See http://www.gmu.edu/catalog/apolicies/#TOC_H12 for the full honor code.

