Grade 4 Advanced/Gifted and Talented (GT)                                                                                                        The Third Bridge: A Problem-Based Unit in Operations and Algebraic Thinking

Introduction:
This unit models instructional approaches for differentiating the CCSS for advanced/gifted and talented students. Gifted and talented students are defined in Maryland law as having outstanding talent and performing, or showing the potential for performing, at remarkably high levels when compared with their peers (§8-201). State regulations require local school systems to provide different services beyond the regular program in order to develop gifted and talented students’ potential.   Appropriately differentiated programs and services will accelerate, enrich, and extend instructional content, strategies, and products to apply learning (COMAR 13A.04.07 §03). 

Overview: 
This unit includes a model problem scenario in the form of a Request for Proposals (RFP) from the Maryland Transportation Authority (MDTA). Students will explore mathematical concepts and hands on activities that allow students to respond effectively to the problem based scenario.  The unit is comprised of one lesson plan and six lesson seeds. 

In Lesson Plan 1, students will demonstrate an understanding of place value (up to 1,000,000) by creating place value models. Students will recognize the relationship between the different digits in multi-digit whole numbers and will use place value models to solve problems. 

Lesson Seed 1 introduces students to the Unit and the PBL scenario by helping students initiate a discussion about the Chesapeake Bay Bridge and the current issues that surround it. 

In Lesson Seed 2, students will further their number sense by multiplying or dividing to solve word problems involving multiplicative comparisons and be able to distinguish multiplicative comparisons from additive comparisons. Students will develop a sense of ratio concepts and comparisons, ratio language and the relationship between 2 quantities. Students should understand that additive and multiplicative comparisons are two very different ways to compare and evaluate quantities. Finally, students will be able to apply ratio reasoning to solve complex, real world problems and use knowledge to develop their own examples through hands on projects. 

In Lesson Seed 3, students will continue to work with problems involving numbers, particularly money problems where they will solve multistep word problems involving remainders using the 4 operations. Students will explore estimating and conceptual understanding of problem solving using manipulatives to represent the problem. Students will express calculations and interpretations of numerical expressions. Finally, students will use absolute value concepts in working with money problems to understand the concept of an account balance and debt. Students may express these ideas using order of operations, distributive property and integers. 

Lesson Seed 4 culminates in helping students understand patterns and rules for operations given a function and the relationships between corresponding terms. Students will use multiple function rules to populate data tables and graph function table results to understand outcomes and impacts of independent and dependent variables. Students should understand that patterns and rules are related and that analyzing patterns can help us understand the relationship between 2 or more quantities in real world applications. 

In Lesson Seed 5, students will be introduced to the PBL task by completing a variety of investigations on suspension bridges and examine data from Bay area communities. Students will discuss what makes a good bridge and learn how bridges impact communities. Students will explore data on population, environmental impact, cost, traffic, etc. Students will use Google Earth to locate and take measurements on the Chesapeake Bay Bridge and look for alternative locations for a 3rd Bay Bridge.  Students will also be able explore the costs of building a bridge and the potential returns on investment using actual bridge proposals. By the end of the project, team members will be prepared to engage in the PBL scenario in which they will respond to the MTA’s RFP to present the location, and impact of a 3rd Chesapeake Bay Bridge in Maryland. 
Lesson Seed 6 is an optional extension in which students will design, plan, build and test a popsicle stick bridge. Students will be given a budget to plan and purchase building materials from a company store. Students will practice the four operations to solve problems using whole numbers and decimals. During the planning process, students will explore ratio concepts and relationships (scale drawing). During the building process, students will convert measurements from inches or centimeters to feet as they move from the scaled drawing to building a real model of their bridge. Students will also understand the concept of load and convert load bearing measurments from pounds to kilos. Students will apply ratios, measurements and cost to help calculate the cost of a real bridge. Finally, students will test their bridges to determine how much weight they will hold and make comparisons to actual bridges. Students will understand the concept of cost of maintenance and repairs to fix their bridges and update their budgets during the testing phase. 
Enduring Understandings: 
· Multi-digit numbers can be represented in a variety of forms.
· Between any two place values the 10:1 ratio remains the same.
· Flexible methods of computation involve understanding place value.
· A pattern is a sequence that repeats the same process over and over, and a rule dictates what that process will look like.
· Analyzing patterns can help us to understand the relationship between two or more quantities. 
· Ratio, scale and proportion concepts have authentic, real world applications.
· Budgets help us better understand absolute values and integer concepts in real world scenarios.
Essential Questions: 
· How can you model, represent and create interpretations of multi-digit numbers?
· What generalizations can be made about place value patterns?
· How can knowledge of place value help with multiplication and division of whole numbers?
· How are patterns and rules related?
· How can cause and effect relationships be applied to mathematics?
· How does estimating, rounding and mental computation help us arrive at a reasonable answer? 
· Do different math representations produce different results when showing and solving a problem? 
· How can multi-step problems be represented? 
· How can order of operations and algebraic thinking be used to help solve multi-step problems? 
· How does solving problems involving money and place value relate to a budget? 
· How do absolute value concepts help students determine the magnitude of positive and negative numbers in real world problems? 
· What generalizations can you make about data relationships? 
· What implications do patterns or relationships between variables have in the real world?
· How does the process of moving from the conceptual to the abstract analyze and solve problems and communicate results? 
Teacher Notes: 
Problem-based learning (PBL) is a research-based strategy that is effective for providing differentiation for gifted learners.  PBL develops critical and creative thinking, collaboration, and joy in learning as it motivates and challenges students to learn through engagement in real-life problems.  Students engage in the work of professionals as they collect data, analyze information, evaluate results, and learn to communicate their understanding to others.
PBL organizes curriculum and instruction around interdisciplinary “ill-structured” problems that professionals might actually face, and in which the students see themselves as active stakeholders. While the problem becomes the purpose for learning, this unit carefully structures the problem-solving process so that students achieve the required understandings. The PBL investigation results in student-created products presented to an authentic audience which can evaluate the effectiveness of the solutions.
The problem is presented in a realistic format called a “scenario.” A PBL scenario has an engaging social context in which the students play a role, so there is a high motivation to solve the problem. This unit includes a model problem scenario in the form of a Request for Proposals (RFP) from the Maryland Transportation Authority (MDTA). The RFP is contrived, but the study of a third Bay Bridge described in the news story is authentic.  Before using this scenario, the teacher may want to research the current status of this study and update the scenario with a more current news story.
Important:  In PBL, the teacher must create an authentic audience for student products.  The students’ proposals, after being evaluated by a local team of experts, could be shared with decision makers. The teacher might arrange to have the students’ proposals shared with local business and community groups, legislators, or the Maryland Transportation Authority’s Bay Bridge Reconstruction Advisory Group (BBRAG).  http://www.mdta.maryland.gov/Meeting_Schedules/BBRAG_Meeting_Minutes.html
An effective problem scenario identifies and defines the problem and also establishes the conditions/criteria for the solutions which are aligned with the content standards and mathematical practices.  The problem statement for this unit can be stated using this frame:

How can we as proficient mathematics students (role of students) create a proposal for the location of a third Bay Bridge (task/product) that presents to the MD Transportation Authority a reasoned argument that (purpose/ audience): 
· Analyzes the local impact on environment, business, and community
· Communicates how solutions make sense based on demographic data
· Develops an accurate budget
· Justifies conclusions using tables, graphs, and a coordinate plane organizer  (the conditions/criteria for the product)

Focus Standards: (Listed as Examples of Opportunities for In-Depth Focus in the PARCC Content Framework documents for Grades 3-11)

	4.MD.5

5.MD.1

4.NBT.5
	Students will recognize angles as geometric shapes that are formed wherever two rays share a common endpoint and understand concepts of angle measurement. Students will work toward meeting this standard by combining angles to form triangles. Students will build on 4.G.3 concepts using lines of symmetry and diagonals of rectangles.
Convert among different-sized standard measurement units within a given measurement system and use these conversions in solving multi-step, real world problems. 
When students work toward meeting this standard, they combine prior understanding of multiplication with deepening understanding of the base-ten system of units to express the product of two multidigit numbers as another multidigit number. This work will continue in grade 5 and culminate in fluency with the standard algorithms in grade 6.

	4.NBT.6
	When students work toward meeting this standard, they combine prior understanding of multiplication and division with deepening understanding of the base-ten system of units to find whole-number quotients and remainders with up to four-digit dividends and one-digit divisors. This work will develop further in grade 5 and culminate in fluency with the standard algorithms in grade 6.

	4.NF.1
	Extending fraction equivalence to the general case is necessary to extend arithmetic from whole numbers to fractions and decimals.

	4.NF.3
	This standard represents an important step in the multigrade progression for addition and subtraction of fractions. Students extend their prior understanding of addition and subtraction to add and subtract fractions with like denominators by thinking of adding or subtracting so many unit fractions.

	4.NF.4
	This standard represents an important step in the multi-grade progression for multiplication and division of fractions. Students extend their developing understanding of multiplication to multiply a fraction by a whole number.



	4.OA.5
	This standard represents an important step in the multi-grade progression for generating and analyzing patterns. Students extend their developing understanding of pattern analysis and generation by following a rule. 

	5.OA.3
	This standard represents an important step in the multi-grade progression for generating and analyzing patterns. Students extend their developing understanding of pattern analysis and generation using to given rules.



	6.RP.1
	This standard represents an important step in the multi-grade progression for understanding ratio language. Students extend their developing understanding of the relationship between ratios and their meaning. 

	6.RP.3
	This standard represents an important step in the multi-grade progression for understanding and using ratios. Students extend their developing understanding of ratios and ratio language to solve unit rate problems. 

	6.NS.7
	This standard represents an important step in the multi-grade progression for understanding absolute value and postive and negative numbers. Students extend their developing understanding and application of absolute value when solving real world problems involving money or distance. 


Student Outcomes: 

The student will:

· Use concrete materials to model and order whole numbers and decimals. 
· Write an equivalent decimal for a fraction with denominators of 10 or 100. 
· Compare and order decimals to hundredths from least to greatest and greatest to least. 
· Justify comparison of decimals by using a variety of methods, i.e.: visual decimal models, number lines, benchmark decimals, etc. 
· State the value of a specific digit within a decimal fraction. 
· Construct more than one visual representation for a decimal number. 
· Demonstrate an understanding of place value (up to 1,000,000) by creating place value models. 
· Recognize the relationship between the different digits in multi-digit whole numbers.
· Evaluate the effectiveness of place value models.
· Use place value models to solve problems.
· Determine relationships between data.
· Solve additive and multiplicative comparison problems.
· Represent the four operations to express and solve word problems involving money. 
· Use mental computation and estimation to determine how reasonable an answer is.  
· Represent and solve word problems using order of operations concepts.
· Use absolute value concepts and positive and negative quantities in real world situations. 
· Explain that patterns and function rules are related. 
· Analyzing patterns can help us to understand the relationship between two quantities in real world applications. 
· Graph data to explore the relationship between independent and dependent variables.
· Reasearch a problem based scenario, compile present findings and evaluate results. 


Vertical Alignment

· Key Advances from Previous Grades: 
· Students in grade 3 also begin to enlarge their concept of number by developing an understanding of fractions as numbers. This work will continue in grades 3-6, preparing the way for work with the rational number system in grades 6 and 7. 
· Fraction equivalence is an important theme within the standards that begins in grade 3. In grade 4, students extend their understanding of fraction equivalence to the general case, a/b = (n x a)/(n x b) (3.NF.3 leads to 4.NF1). They apply this understanding to compare fractions in the general case (3.NF.3d leads to 4.NF.2). 
· Students in grade 4 apply and extend their understanding of the meaning and properties of addition and subtraction of whole numbers to extend addition and subtraction to fractions (4.NF.3). 
· Students in grade 4 apply and extend their understanding of the meanings and properties of multiplication to multiply a fraction by a whole number (4.NF.4).
· Students enlarge their concept of and ability to define, evaluate, and compare functions

· Additional Mathematics:
· In grade 5, students will integrate decimal fractions more fully into the place value system (5.NBT.1-4). By thinking about decimals as sums of multiples of base ten units, students begin to extend algorithms for multi-digit operations to decimals (5.NBT.7). 
· Students use their understanding of fraction equivalence and their skill in generating equivalent fractions as a strategy to add and subtract fractions, including fractions with unlike denominators. 
· Beginning in grade 6, students apply and extend previous understandings of numbers to the system of rational numbers.


Connections to the Standards for Mathematical Practice: 
In this unit, educators should consider implementing learning experiences which provide opportunities for students to:

1. Make sense of problems and persevere in solving them.
a. Determine what the problem is asking for: a decimal that is equivalent to a fraction, or a comparison or ordering of decimals.
b. Determine whether concrete or virtual models, pictures, mental mathematics, or equations are the best tools for solving the problem.
c. Check the solution with the problem to verify that it does answer the question asked.

2. Reason abstractly and quantitatively
a. Use the knowledge of place value, factors, and multiplication to help determine the equivalent fraction or decimal asked for in the problem. 
b. Compare the fractions and decimals using concrete or virtual models to verify that they are the same value. 
c. Use place value understanding of decimals and number patterns in the numerator and/or denominator of fractions to explain why they represent the same value. 

3. Construct Viable Arguments and critique the reasoning of others.
a. Compare the equations or models used by others with yours.
b. Examine the steps taken that produce an incorrect response and provide a viable argument as to why the process produced an incorrect response.
c. Use models or tools, i.e. calculator, ruler or number line to verify the decimal or fraction, when appropriate and support your answer.

4. Model with Mathematics
a. Construct visual models using concrete or virtual manipulatives, pictures, or equations to justify thinking and display the solution.
b. Represent real world fractional and decimal situations. 

5. Use appropriate tools strategically
a. Use Digi-Blocks, base ten blocks, counters, addition or multiplication tables, or other models, as appropriate.
b. Know which tools are appropriate to use in solving fractional/decimal problems.
c. Use the calculator to verify computation.

6. Attend to precision
a. Use mathematics vocabulary such as addend, product, factor, equation, unit fraction, numerator, denominator, equivalent, decimal, tenths, hundredths, etc. properly when discussing problems. 
b. Demonstrate understanding of the mathematical processes required to solve a problem by carefully showing all of the steps in the solving process.
c. Read, write, and represent fractions and decimals correctly. 
d. Use relational symbols such as <, =, and > appropriately to compare expressions.

7. Look for and make use of structure.
a. Make observations about the relative size of fractions and decimals. 
b. Explain the relationship between equivalent fractions and decimals using the structure of those fractions and decimals.

8. Look for and express regularity in reasoning
a. Model that when multiplying a fraction whose denominator is 10 by 1 in the form of 􀬵, the value of the fraction remains the same even though the denominator is now hundredths.

Interdisciplinary Connections:
There are science connections made within the lesson seeds and problems, as students explore plant growth, island erosion, and other environmental issues.  Social studies connections are made as students investigate the relationships between the crab population, a local economy, and local economy.  Students also work within a budget to develop financial literacy skills.  Reading and language arts connections are made through the use of Dr. Seuss’s The Lorax and narrative in the Watermen of Hooligan Bay which students use to understand the problem based situation and derive function rules. 

This unit models strategies to differentiate content, process, and products for Advanced / Gifted and Talented (GT) Learners:
	Content refers to the key concepts of the curriculum; what students should know, understand, and be able to do.

	Content Differentiation for GT learners
The goal is an optimal match: Each student is challenged at a level just beyond the comfort zone.    Pre-assess students’ readiness to determine the appropriate starting point. Implement strategies for acceleration: Use more complex texts and materials, above grade-level standards, compacting; or move grade level content to an earlier grade. Implement strategies for enrichment/extension: Use overarching concepts, interdisciplinary connections, the study of differing perspectives, and exploration of patterns/relationships. 

	Process refers to how students make sense of information. The teacher designs instructional activities that make learning meaningful to students based on their readiness levels, interests, or learning styles.  

	Process Differentiation for GT Learners
Instructional processes incorporate flexible pacing and opportunities to engage in advanced problem-solving characteristic of professionals in the field. Activities focus on the higher level of each continuum: from simple to complex; from more practice to less repetition; and from dependent to independent. Activities deepen understanding through authentic inquiry, research, and creative production. 

	Products are culminating experiences that cause students to rethink, use, and extend what they have learned over a period of time.  

	Product Differentiation for GT Learners
Differentiated products or performance assessments require students to apply learning meaningfully to complex, authentic tasks that model the real world application of knowledge characteristic of professionals in the field. Products have an authentic purpose and audience, and students participate in goal-setting, planning, and self-monitoring.  



Free Mathematics Resources:	
· http://wps.ablongman.com/ab_vandewalle_math_6/0,12312,3547876-,00.htmlReproducible blackline masters
· http://lrt.ednet.ns.ca/PD/BLM_Ess11/table_of_contents.htm mathematics blackline masters 
· http://yourtherapysource.com/freestuff.html Simple activities to encourage physical activity in the classroom
· http://www.mathsolutions.com/index.cfm?page=wp9&crid=56Free lesson plan ideas for different grade levels
· http://digiblock.com/Lesson plans for using Digi-Blocks
· http://sci.tamucc.edu/~eyoung/literature.html links to mathematics-related children’s literature 
· http://www.nctm.org/ National Council of Teachers of Mathematics
· www.k-5mathteachingresources.com Extensive collection of free resources, math games, and hands-on math activities aligned with the Common Core State Standards for Mathematics
· http://elementarymath.cmswiki.wikispaces.net/Standards+for+Mathematical+Practice Common Core Mathematical Practices in Spanish
· http://mathwire.com/ Mathematics games, activities, and resources for different grade levels 
· http://www.pbs.org/teachers/math/interactive online and offline lesson plans to engage students. Database is searchable by grade level and content
· http://www.k8accesscenter.org/training_resources/MathWebResources.asp valuable resource including a large annotated list of free web-based math tools and activities.
· http://www.cast.org/udl/index.html Universal Design for Learning
· http://engageny.org/wp-content/uploads/2012/05/Shifts-for-Students-and-Parents.pdf Information for parents and students about the Shifts associated with the CCSS.
· http://havefunteaching.com/ Various resources, including tools such as sets of Common Core Standards posters.  
· http://michellef.essdack.org/links Numerous mathematics links.
· http://illustrativemathematics.org/ Tasks that align with the MD CCSS.\
· http://www.aimsedu.org/Puzzle/categories/topological.html Puzzles to challenge students of various ages.
· http://www.insidemathematics.org/index.php/home Mathematics resources for teachers.
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