Lesson Plan:  Problem Solving - Mystery Coin Problems (Rational #’s & Algebra)

Strands:  4.1, 4.3 & 4.5

Authors:  Donna Civera, Amber Lang, & Matt Zigner

Essential Understandings

Patterns & Algebra.  “Algebra is a symbolic language used to express mathematical relationships.  Students need to understand how quantities are related to one another...supplementing the traditional focus on algebraic procedures, such as solving equations, with a more visual perspective...”  (Standard 4.3)

· “Patterns.  Algebra provides the language through which we communicate the patterns in mathematics...students should be encouraged to investigate the patterns that they find in numbers, and, by doing so, to make mathematical discoveries.  They should have opportunities to analyze, extend, and create a variety of patterns, and to use pattern-based thinking to understand and represent mathematical and other real-world phenomena.”  

· “Functions and Relationships.  The function concept is one of the most fundamental unifying ideas of modern mathematics...as they observe and study patterns...students grow and their ability to abstract matures, students form rules, display information in a table or chart, and write equations which express the relationships they have observed.” 

Number & Numerical Operations.  “Facility with numbers, the ability to choose the appropriate types of numbers and the appropriate operations for a given situation, and the ability to perform those operations as well as to estimate their results, are all skills that are essential for modern day life.”  (Standard 4.1)

· “Number Sense.  Number sense is...a comfort with what numbers represent that comes from investigating their characteristics and using them in diverse situations.  It involves an understanding of how different types of numbers, such as...decimals, are related to each other, and how each can best be used to describe a particular situation.  It subsumes the more traditional category of school mathematics curriculum called numeration and thus includes the important concepts of place value, number base, magnitude, and approximation and estimation.”

Essential Questions

· Is each clue useful/helpful?  

· Can you identify/explain any relationships, comparisons, or equivalencies given?

· What patterns, relationships, proportions, equivalencies, comparisons did you notice while working with the coin manipulatives/pictorial representation (that might help in your efforts to solve the mystery coin problem)?

· How did you use any patterns, relationships, proportions, equivalencies, comparisons, counting units to help you solve the mystery coin problem?

· Is there more than one solution?

· How could you prove your answers and/or check for reasonableness?

Knowledge & Skills

· Students will use mathematical processes of problem solving, communication, connections, reasoning, representations, and technology to solve problems and communicate mathematical ideas.  Standard 4.5

· Students will learn mathematics (problem-solving strategies, decimal numbers, U.S. coin relationships, building blocks for algebra concepts) through problem solving, inquiry, and discovery. 

· Students will select and apply a variety of appropriate problem-solving strategies (“guess and check”, “look for a pattern”, “use logical reasoning”, “model a problem”, “draw a diagram”, etc.) to solve problems. 

· Students will use communication to organize and clarify their mathematical thinking. 

· Students will analyze and evaluate the mathematical thinking and strategies of others. 

· Students will recognize recurring themes across mathematical domains (e.g. patterns in numbers, algebra, and geometry).

· Students will rely on reasoning, rather than answer keys, teachers, or peers, to check the correctness of their problem solutions.

· Students will use representations (e.g. concrete coin manipulatives and pictorial coin representations) to organize, record, and communicate mathematical ideas. 

· Students will represent and analyze relationships among variable quantities and solve problems involving patterns, functions, and algebraic concepts and processes.  Standard 4.3
· Students will recognize, describe, extend, and create patterns involving rational numbers (whole numbers and decimal numbers).

· Students will analyze (functional relationships to explain) how a change in one quantity can result in a change in another, using pictures, (graphs, charts, and equations).

· Students will use patterns, relations, (symbolic algebra, and linear functions) to model situations, using manipulatives, (tables, graphs,) verbal rules, (algebraic expressions/equations/inequalities).  

· Students will develop number sense and will perform standard numerical operations and estimations on all types of numbers in a variety of ways.  Standard 4.1

· Students will use real-life physical materials and picture representations to construct meanings and extend their understanding of rational numbers.  

· Students will understand and use ratios and proportions.

· Students will recognize the decimal nature of U.S. currency and compute with money.

· Students will use whole numbers and decimals to represent equivalent forms of the same number.

· Students will develop and apply number theory concepts in problem solving situations (i.e. factors and multiples).

· Students will use concrete and pictorial models to relate whole numbers and commonly used decimals to each other, and to represent equivalent forms of the same number.

· Students will check the reasonableness of results of computations.

Assessment Evidence

· Students will explain and justify their solution to each problem using concrete coin manipulatives and pictorial representations on teacher-created worksheets.

· Students will recognize, apply, and discuss unifying concepts and processes which are woven throughout mathematics.

· Students will create and solve their own mystery coin problems, reflecting upon their own math understanding.

Learning Activities

Overhead warm up activity and discussion involving money.  Allow students to work in pairs as they guess what coins may be in an envelope, while you give one clue at a time.  Observe as students work with coin manipulatives to check and/or adjust their original guesses.  Repeat this activity with another coin-filled envelope.  After engaging students with your envelope activity, allow them to work together using coin manipulatives to solve various worksheet problems.  Encourage students to share their solutions on the overhead using transparency coins and allow them to begin using a transparency of the Mystery Coin Problem Picture Representation Worksheet.  Lead students to explain their steps and any relationships, patterns, comparisons, equivalents, or counting units they may have used to help them solve each problem (see Background Notes).  Wrap up by having students create their own mystery coin problems, along with solutions, and a written response to each of the Essential Questions.

Background Notes

· This lesson will enable students to practice with manipulatives and pictures in order to help them form a deeper understanding of rational numbers, real-life mathematical concepts involving U.S. coin currency, as well as useful building blocks towards the more abstract algebraic concepts.  To do so, students will need time to discover, recognize, model, describe, extend, and create patterns and relationships involving rational numbers (whole numbers and decimal numbers), as well as in U.S. coins (pennies, nickels, dimes & quarters).  

· It is best if students have already discovered, discussed and shown understanding in prior lessons (such student discussion/review is encouraged for your warm-up):  

· Identifying counting units, AND 

· Equivalence:  Recognizing...every rational number can be represented by an infinite number of different but equivalent forms; numbers can be decomposed into parts in an infinite number of ways; decimal numbers can be named in equivalent ways using place value; for most money amounts, there are different but finite combinations of currency that show the same amount.

· When solving these mystery coin problems, it is helpful to consider all the clues, as well as to look for any relationships and patterns involving the coins.  (Hint:  23 cents shows that pennies are involved...and it may be either 3, 8, 13, 18, or 23 pennies.)

· Be sure to encourage and emphasize any such relationships and patterns your students find.  Help lead them to clarify similar useful problem-solving strategies.

· Encourage multiple groups of students to model and discuss various methods of solving the same problem.

· Some students may even use tables, numerical expressions/equations/ inequalities, algebraic expressions/equations/inequalities, or graphs.  Great!  Encourage variety...but be wary that all of your students may not be ready, and it would therefore be best to eventually follow up with a lesson aimed to help students “discover” those concepts. 

Materials

· Students materials:  coins; student worksheets; calculators

· Teacher materials:  overhead projector; overhead transparencies; transparent coins; 


two envelopes filled with different coins supported by a few clues; coins

Warm Up on Overhead

I have some pennies, nickels and dimes in my pocket.

I put 3 of the coins in my hand.

How much money do you think I have in my hand?

***

I previously put several dimes, nickels, and pennies in my pocket.  

At the start of class, I pulled out 3 without looking.  

I allowed students to work together on the warm up problem.

Then, I allowed students to come up, share their solutions, and we discussed.  

It is NOT NECESSARY to exhaust a COMPLETE list for the solution:  

.03, 
 .07,  
 .11, 
 .12,  
 .15,  
 .16,  
 .20,  
 .21,  
 .25,  
 .30   

 PPP  NPP   NNP   DPP   NNN    DNP   DNN
DDP
DDN
DDD
Opening with this problem should allow for review and discussion of equivalence and counting units, while just beginning to invite problem solving involving today’s big ideas:  patterns, relationships, decimal number sense.

***

I also shared an overhead of a game activity I use to help my students practice giving change for various monetary amounts, which can be found on:  FUNBRAIN.COM

***

Manipulatives:  Student pairs were given a plastic sandwich bag filled with at least 10 pennies, 5 nickels, 6 dimes, and 4 quarters. (I prefer to use more nickels, dimes & quarters.)

I shook an envelope full of mystery coins, as I read one clue:  “I have 30 cents.”

I asked students to guess what coins I had in the envelope  (some wrote down a guess, others just placed the coin manipulatives equivalent to their 30 cent guess in front of them.

When all had made a guess, I then read the rest of the clues, one at a time:

“I have only one nickel.”

“There are 3 more pennies than dimes.”

“There are 8 coins in all.”

Students were allowed to change their guess, if they found that it was incorrect.

Those who guessed upon the first clue usually tend to let you know...

I repeated this mystery coin activity with another group of clues:  “I have 7 coins.”

This may seem a bit more challenging or intimidating for some of your students--knowing only the number of coins instead of only knowing the value of coins.  Allow time for their guesses before continuing.  Repeating the first clue may help to reinforce that you are not willing to give any further information, yet.

“I have twice as many pennies as nickels.”

“I only have one dime.”

“I do not have any quarters.”  

“I have 24 cents.”

After this activity, I prefer to hand out the worksheets for students to continue working on mystery coin problems.  I try not to discuss, in order to allow students time to make their own discoveries.  Judge how much time you want to give students before asking them to start sharing some of their strategies and solutions at the overhead, using transparency coins and the picture worksheet transparency.  (I hope the Mystery Coin Worksheet, Solutions,  Picture Representation Worksheets {2 different choices of quarter representations and 1 sample} were attached to these plans, as it was not part of this e-mail.)  For the next class, I strongly recommend students discuss these big ideas while they share/explore their homework.

