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Interactive Mathematics Program Unit Plan (Fireworks)
Final Project (MAT)

Analysis of Unit:

Context 
This unit is entitled Fireworks and is designed for students in the 11th grade.  Class periods are generally forty-five minutes in length.

Content
· Learning Goals for Quadratic Functions Using Graphic and Algebraic Representations. (Inspired by IMP Unit: Fireworks)

Objective:
Strengthen the ability to work with algebraic symbols but focus on quadratic functions and quadratic equations.  Become familiar with the terminology surrounding quadratic functions (standard, form, coefficients, degree terms, parabola, etc.).  Explore equivalent algebraic expressions (specifically intercept, vertex, and standard forms for quadratic equations) and the properties of quadratic functions.   Recognize connections between algebra and geometry in the context of quadratic functions and optimization problems and model real world applications with them.  Use technology when applicable.  Be flexible with using different representations and comfortably switch between those in various settings (depending on the context). 

· Concept Map
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· Important mathematical ideas

Quadratic functions
· Standard form

· Intercept form

· Vertex form

Quadratic equations

Quadratic expressions

· Transforming quadratic expressions to vertex form

Graphs of quadratic functions

· Role of the vertex and x-intercept as related to the graph of quadratic functions

· Using the graph to solve quadratic equations

· Using the graph to solve problem involving quadratic functions

Terminology related to quadratic functions, expressions and equations.

Factoring

· Finding x-intercepts

· Mechanics of factoring
· Using the “zero property” to solve equations

· Using factoring to solve quadratic equations

· Relationship of problems involving area with factoring quadratic expressions

· Conventional meaning of “non factorable”

· Identify perfect squares amongst quadratic expressions

Students are given a feel for the unit problem by asking them to discuss the questions asked in the problem
 as well as to describe the trajectory the rocket will describe. They are also introduced to the other central problem in the unit-the Corral Variation and the POW1. The first day is used to make sure that all students are properly introduced to the unit’s central problems and that they understand the situations being described. Through creating an algebraic expression for the area in the Corral Variations problem, and intuitively finding approximations to the maximum value of the quadratic function in the unit problem, students are guided into the direction of finding solving quadratic equations. They are introduced to the terminology involving quadratic expressions and functions as well as the terminology surrounding polynomials. Students are then introduced to the notion of graph of quadratic functions. This is done via examples and students are guided to establish the concept of vertex as a maximum or minimum. Students are invited to connect the coefficients of the quadratic function to its exact shape and start working on the POW 1.  The concept of vertex is related to the two unit problems and the notion of intercept is revisited, but this time introducing the notion of root. Students are introduced to the goal of the unit - to find an algebraic method for finding the vertex of a quadratic function and its x-intercepts. This is tied with the notion of “zero property” and finding x-intercepts of polynomials and later quadratic functions. Students have to explain why quadratic functions have at most 2 solutions through the lens of factoring. On day 5 students generate functions with given intercepts and connect the geometry of graphs to factoring. They are given independent practice with factoring different expressions for homework and introduced in class the next day to the idea of “non-factorable” when it comes to quadratic expressions. They also explore quadratic expressions that are perfect squares and are later introduced to the notion of completing the square and the formula and mechanics of rewriting quadratic expressions into vertex form. Students also establish the uniqueness of the vertex and the fact that any quadratic expression can be put in a vertex form. The Corral Variations Fireworks problems are revisited in terms of vertex form and the exact solutions for the maximum height and time are found using it. Students then complete their in-class and take-home assessments and summarize the unit and compile their portfolios.
· Connections

Professor Margaret Robinson

Department of Mathematics

Ithaca College

Ithaca, NY  14850

Dear Professor Robinson,

Now that we have concluded the Fireworks Unit we want to summarize for you all that we did and the mathematics we learned.  The focus of this unit was on quadratic functions and quadratic equations with the central problem being the launching of rockets in a fireworks display.  In arriving at the formula for solving this quadratic equation we had to include some knowledge from our Physics class regarding the force of gravity.  The main mathematical idea was established by using the vertex form of the quadratic for the solution.  For seven of the eleven days of instruction we explored different variations of the vertex form.

The key ideas in this lesson were developed through an optimization problem called Corral Variation.  Corral variation started out by focusing on the area of a rectangular field and then continued with several useful applications of the vertex of the graph.  This was a good way to incorporate area into quadratics.   We spent thirteen days working on quadratic functions, coefficients, equations, graphs, expressions, mechanics of factoring and factored intercepts, finding the vertex of the graph of a quadratic function, transforming a quadratic expression into vertex form, and solving problems using the various techniques and concepts that were developed in the unit.  


We were able to recognize connections between algebra and geometry in the context of quadratic functions through optimization problems and modeling real world applications with them.   We also learned that the high point of the rocket is the same as the vertex for the graph and where the rocket lands is where the graph crosses the t-axis on the way down.  Our graphing calculators were very helpful in determining some of the graphs very quickly.  At one point we learned how you can find an exact solution to an equation that does not factor by using the vertex form to write the equation another way.  


Our POW problem was about exponential growth of rats for one year and it was very challenging to keep track of all the record keeping and the arithmetic.  Those rats had a lot of babies!   Exponential growth will be explored further in Year 4 when more complex solutions of the quadratics will be studied.  At the conclusion of our unit we learned that there is a general formula for solving quadratic equations that is much more complicated than anything that we have done before, and we will learn this in Year 4.  We are going to work on the supplemental problems to further ingrain the concepts of quadratics into our thinking and prepare us to embrace Year 4.

Sincerely,

Stela and Winsome

Assessment 
The nature of the unit allows for multiple places for formative assessment. Each time students are invited to present a solution or volunteer answers in the class discussions, are chances to informally assess students’ understanding. We have to carefully observe students’ work in groups, because each line uttered by students can serve as an assessment tool.
The portfolio can be used as a summative and more formal assessment. It is supposed to be the product of the hard work students have done during the entire unit. Since students are given ample time to summarize the learned ideas of the unit as well as write out their solutions to the major unit problems, the portfolio is the chance for students to demonstrate their depth of mathematical knowledge and understanding. To grade students we will use the holistic rubric used in the IMP curriculum.  
Rationale
This unit in all it encompassed aligned for the most part with my teaching rationale.

I liked how the unit was structured with a central problem in mind throughout. I believe it is purposeful to employ problem-based instruction with students in a mathematics classroom. It not only gives students the motivation to pursue mathematical ideas when those are inspired from real life situations, but also makes students the driving force in the learning process. Students try to make sense of the given situation and figure out possible answers first intuitively and then more formally. In the process students bring out key ideas and properties and those are introduced as they come up naturally in the discussions/solutions. Although the teacher will support the learning quest, I believe that it is necessary for students to be the doers of mathematics and to actively be constructing their concepts through meaningful activities. Having a unit around a central problem achieves that but it also gives room for creativity as well as independence and engagement on the students’ part. I believe each of these is important to cultivate in my mathematics classroom.

The fireworks problem was a good choice for a central problem because it is a rich problem. It gives a lot of room for discussion of mathematical ideas. At the same time students have probably all seen fireworks and they have a cool effect to them. Students will be interested in a problem involving them especially since it is up to them to prescribe and predict what will happen. 

I think that it is helpful to revisit a problem multiple times and approach it from different angles. This is exactly what this unit does. It gives students the time to digest the information. As they think about it again and again it forces students to make connections and make sense of them. In doing so it develops deeper understanding and necessitates the development of reasoning and critical skills. It allows students to concentrate on specific pieces of knowledge, portions at a time. This makes the mathematical notions more approachable and gives students time to catch up with learning the ideas they have forgotten or previously missed. 
This is also a great approach in a heterogeneous classroom. It lends itself to using collaborative work in instruction and encourages both written and oral communication in students as well as the development of multiple representations. 

I particularly liked how IMP curriculum does not dictate for students to generate and put mathematical concepts and ideas into separate mathematical domains. This unit particularly kept algebra and geometry interwoven throughout. I believe it is powerful for students to realize that they are not confined within a particular field. When problem solving they can use whatever they find convenient in a given situation and stay flexible.

This approach is consistent with the PSSM principles and standards. I can picture students reasoning and problem-solving, giving justifications while writing their solutions to the POW and heavily discussing/presenting their own ideas. I can see students making connections, using various representation and technology while working on the activities and problems provided. 
I also believe that the activities chosen were well timed for the 13 days this unit was supposed to take to teach in a regular classroom. I believe that the development of the ideas was well structured and paced. I liked a number of the supplementary activities because I think they provided meaningful connections and extensions with other mathematical ideas, which could be invoked nicely if students are ready for them. It was nice how the supplementary problems in the back of this unit gave teachers a lot of freedom and choices to enrich and tailor their lesson to meet even the more advanced students’ needs.

Although I have not thoroughly researched the entire IMP curriculum, I am a bit concerned that these topics come so late for students in this high school sequence. I remember learning all of these ideas in 8th grade and in slightly more depth than presented in this particular unit. I know that students revisit quadratic functions in year 4 once again and delve into the subsequent ideas, but how can we expect students to be able to analyze more complex functions if they are yet to learn thoroughly quadratic functions in their last year before they go on to college? I guess we would have taught students to think and they could potentially come up with anything they need as they need it. But shouldn’t we give students a more competitive edge if we can help it and have the extra time to do things in more detail? 

I do not necessarily advocate the necessity of knowing the quadratic formula, especially since we have technology nowadays to help us with the arithmetic. But I actually think that it is interesting to know how it evolves, which is tangentially touched upon in the Fireworks unit. I just wish it were pushed a little further in this unit although the unit does suggest it can be extended in that direction with enough caution exercised.
I also do not suggest teaching the Viet formulas and asking students to memorize them, but I think students can be hinted that such formulas exist and they can explore them through their application if we have the time and choose to do so. 

Although only two of the major assignments in the unit (the fireworks problem and the corral variation problem) had anything to do with quadratic functions, I believe that all activities in the unit were well chosen. The POW and some of the secondary activities actually sequenced well with prior units (Solve It, Is There Really a Difference, Falling Bridges, Do Bees Build it Best, The Pit and the Pendulum, etc) and future units (High Dive, Know How, etc). I was actually a little disappointed that the only POW in this unit had nothing to do with quadratic functions.
Perhaps it is my personal preference but I think that modeling and the ideas of calculus are important in mathematics. Nearly every field employs those ideas and I think it is helpful to expose students to more of it at the high school level.  Perhaps the IMP curriculum does some of this in year 4, but I think that the fireworks unit can be nicely enriched to include more modeling. 

Even though choosing so will necessitate extending the timeframe for the unit, I think it will be worthwhile. The unit has only two major problems dealing with quadratic functions and I am not certain that when students construct the necessary knowledge, they will be able to transfer it to other situations. I hope to achieve students’ mastery and I think that more exposure and modeling experience can achieve that mastery.
Since the central problem takes in formulas and uses them without students’ full understanding, perhaps it will be nice to include a few more problems in which students can fully understand the form of the quadratic functions and actually generate the quadratic function from a given a situation. My cooperative teacher at FDA used some great problems involving quadratic functions and modeling and I think that those can be a good fit and a meaningful addition to the unit.
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� At what time will the rocket reach maximum height? What is the maximum height the rocket will reach during its flight? How far will the rocket land from the base of the tower it is shot?
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