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Unit Topic: Introduction to Algebraic Thinking – Patterns and Variables 

Grade Level: 7 or 8

Curriculum Area/Topics:

(1) Recognize that variables are factors that change

(2) Identify and extend patterns

(3) Use symbols to express unknown numbers

(4) Represent patterns and variables in tables, words, graphs, and symbolic equations  

(5) Provide real-life explanations/scenarios of algebraic expressions

(6) Solve linear equations

Time Frame: 2 weeks

Stage 1: Desired Results

Content Standards: 
National (grades 6-8): 

· Represent, analyze, and generalize a variety of patterns with tables, graphs, words, and, when possible, symbolic rules.

· Develop an initial conceptual understanding of different uses of variables.

· Use symbolic algebra to represent situations and to solve problems, especially those that involve linear relationships.

· Model and solve contextualized problems using various representations, such as graphs, tables, and equations.

PA State Standards 2.8.8 (grade 8):

· B. Discover, describe, and generalize patterns, including linear, exponential, and quadratic relationships (only linear in this unit).

· C. Create and interpret expressions, equations, or inequalities that model problem situations.

· D. Use concrete objects to model algebraic concepts.

· G. Represent relationships with tables or graphs in the coordinate plane and verbal or symbolic rules.

Enduring Understandings:  Students will understand that:

(1) Daily life is full of variables or things that change.  Sometimes there are ways to make sense of and predict change through identifying and extending patterns.

(2) Mathematics, as it reflects real-life situations, is often relational.  Changing one thing often impacts other things in relation to it (change often does not occur in isolation).

(3) There are a variety of ways to express or convey a thought or event in a mathematical expression.

(4) Unknown numbers, or symbols, are not as mysterious and scary, or as unsolvable as they appear.

Essential Questions:

(1) Are mathematical expressions a language?  How? How not?

(2) What is a pattern? How do you identify a pattern?  How are patterns helpful?  How can you express a pattern?

(3) What are qualities and components of an equation?  How does change within the equation affect the other components?

(4) What are symbols?  Why would you use a symbol?

Knowledge and Skills:

Students will know…

(1) Components of an equation

(2) Basic math skills (add, subtract, multiply, and divide)

(3) Distributive, Commutative, Associative and Identity Properties 

(4) Order of Operations

(5) Fraction and decimal computations and conversions

(6) How to set up a table of data

(7) Graphing skills (axes, plotting)

(8) Patterns describe predictable change

(9) Variables are quantities that change

(10) Symbols are tools to express variables

Students will be able to…

(1) Identify what components are constant and what changes in a scenario

(2) Represent a pattern using a variable

(3) Express a situation using words, equations, tables, and graphs

(4) Identify and understand the relationship among the various forms of expression

(5) Use concrete objects to model algebraic expressions

(6) Translate an equation or algebraic expression into a scenario it could represent

(7) Identify patterns and represent patterns using symbolic expressions, words, graphs and tables

Stage 2: Assessment Evidence

Performance Task Description: 

You are a professional basketball team’s (WNBA or NBA) leading foul shooter.  You make an average of 50 foul shots per season.  Your manager has been presented with two contract scenarios for your season bonus.  One is a flat bonus for each player (B = $5000).  The other is given in the form of an algebraic equation, B = $3000 + $100(x), where x is # of foul shots made in the season.  Your manager claims he can’t do math and is freaked out by seeing the letter in an equation.  Because he doesn’t understand the algebraic equation, he is not sure which scenario earns you more money.  Since he is intimidated to discuss the formula with the letter, he plans to go into your negotiation to accept the flat bonus.  He wants to know if this is OK with you.

You must decide which scenario is better for you financially, and you must communicate this to your manager in a way he can understand. To make your decision, consider how many foul shots you must make in order for the incentive bonus to pay more than the flat bonus.  Once you have decided which bonus you want, you must explain to your manager which one he should accept and why, so that he can negotiate your contract.  Since you are not sure what he will understand, prepare three different explanations of the algebraic equation using words, a table, and a graph.   

Your performance needs to (1) clearly explain the position you chose and why it is the best financial decision, (2) include words, a table and a graph to illustrate the algebraic bonus equation, (3) compare the flat bonus to the incentive bonus (in at least one of the three descriptions – table, graph and/or words) to demonstrate why you chose the bonus you did, and (4) include an explanation of how many foul shots you must make in order for the incentive bonus to be a good deal.  

You will be scored on the following criteria:

1. Accuracy of your computations provided

2. Effective analysis and description and defense of why your choice is most profitable

3. Written expression as seen in the PA Writing Rubric

4. Quality of design and accuracy of all tables and graphs

Other Evidence:

Facet tasks:

Interpretation:


Question:  What does the table reveal about a pattern?

Task: Represent the pattern in the table using a word sentence and an equation with a variable.

Application:



Question: How might symbols help us to express a situation that changes?


Task:
Create scenarios that can be represented or can be expressed by symbolic expressions.


Example: the expression x + 4 could be used to represent runs earned by a baseball teams in a season.  They have already earned 4 runs in previous games and x represents the number of runs they will earn for the rest of the season.

Perspective:


Question: How is a table similar to a graph?

Task: Compare and contrast what is communicated in a table and what is                               communicated in a graph.

Quizzes and tests 


Observation of small group work and presentation 

Scored discussion 

Work samples

Self-Assessment:

Journal entries with teacher feedback

Self assessment of performance task

Weekly note card: Explain what you understand and list one thing that is unclear

Stage 3: Learning Plan

Where are we going and why? What is prior knowledge, likely misunderstandings, and what is required? (unit goal, performance requirements and evaluative criteria)


Learning Goals (Where are we going?)



Introduce unit goals to students (see Stage 1) and post in classroom

Reason for Learning Content (Why are we learning this? Why is this important?)

(1) Life is full of change and unknowns.  Mathematical equations using only numbers do not allow consideration for change in a given situation.  Algebra, and use of algebraic symbols, is a tool to consider patterns of change that exist in every day life. (Provide examples)

(2) Symbols in algebraic expressions are useful tools in real life.  Many people are intimidated by seeing a letter in an equation and are unable to effectively use the tool to their benefit.

(3) Review essential questions and post in classroom.

Performance Requirements, and Evaluative Criteria (What do I need to learn?  What is on the test?) Post in classroom for student reference.

By the end of the unit student should be able to:

(1) Identify the components of an equation.

(2) Set up a table of data.

(3) Graph a linear equation.

(4) Identify what components are constant and what are variable in a scenario.

(5) Translate an algebraic expression into a real-life scenario it might represent.

(6) Represent a pattern in relation to a variable (identify what changes).

(7) Identify and represent a pattern using words, equations, symbols, tables, and graphs.

(8) Identify and understand the relationships among these various forms of expression.  Be able to translate from one to another.

(9) Solve linear problems (involves incorporating distributive, associative, commutative, and identity properties and order of operations).

You will be evaluated in the following ways:

(1) Participation in class discussion and small group work (this will require attempts at homework and assignments – preparation)

(2) Quizzes and Tests

(3) Evaluation of assignments turned in (class assignments and journal entries)

(4) Performance Tasks throughout the unit (see criteria in task descriptions above)

(5) Scored discussion

(6) Self assessment on tasks and group work

Likely Misunderstandings (things to be aware of):

(1) Many students think symbolic equations are hard to solve and not related to anything concrete. This is not true.

(2) Choosing axes for graphing (variable on x-axis)

(3) Identifying which component causes change in the other 

What you should already know: (These skills are essential in meeting the above unit goals.  If you have not mastered these skills, extra help is available)

(1) Addition, subtraction, multiplication and division

(2) Fractions and decimals, and converting between the two

(3) How to express thoughts clearly in writing and how to show your work (ongoing skills)

Hook students through engaging and provocative entry points:

(1) What do letters in an equation mean anyway? Look at letter symbols versus symbols students already know (+,-,=)

(2) We can solve an equation where all information is known.  What do you do when you do not know all of the components of an equation, or when one component is subject to change? 

(3) How much time will it take to earn the money I need to buy the new CD?

Explore and Enable/Equip:

(1) Introduce symbols, substitute numbers for letters (solve x + 2, where x is 3; x + 2 = 5, x = ?) 

(2) Connect words with number sentences, first without letters, then with letters.  Include computer exercise to practice converting formulas to sentences and sentences to formulas.

(3) Connect letters to real numbers and to real scenarios: Small group and individual exercise: Spinner Game (from Best Practice, by Zemelman, Daniels and Hyde p. 87) 

(4) Introduce Variables – what happens when one of the components in a situation can change (time, temperature)?

a. Introduce concept: compare known/constant to variable

b. Experiential and Inductive learning: small groups work on finding solutions for equation with variable (what if variable was 5,6,7,8,…)

c. Direct instruction would vary by small group – give hints as needed

d. Entire class discusses process 

e. Direct Instruction: organizing data in a table or on a graph (instruct how to set up table and construct graph

(5) Introduce patterns (from exercise above)

(6) Use word sentences to describe equations and thought process

(7) Small group work: word problems – practice in class

(8) Construct tables to express patterns (direct instruction: setting up a table, determining reasonable limits, some may have set up a table in prior exercise)

(9) Construct graphs from tables (direct instruction, labeling axes, plotting)

(10) Draw correlations among words, tables, graphs, and symbolic equations.               How are they the same?  How are they different?

(11) Introduce Commutative, Associative, Distributive, Identity Properties and  Order of operations to help solve linear equations. 

(12) Solve linear equations.  Include computer lab.

Reflect and Rethink:
(1) Introduction to algebraic concepts requires reflecting and rethinking of what students already know.  So far students have dealt with equations where all components are known.  Algebra is a shift in key assumptions involving how equations work.  Allow students to reflect on what would happen if one component of an equation changes.  How does this affect the answer?  Is there a way to calculate different answers?  Is there room for a problem to have more than one answer?  Give students a scenario where all components are constant.  Introduce a variable into the situation.  Students try to come up with answers, solutions explanations in small groups.

(2) Throughout the unit, as concepts are introduced and practiced, have students identify what they feel they have mastered and what is still not clear.  Use journal entries or weekly note card feedback, methods enabling students to easily look back to see their progress throughout the unit.  Incorporate student feedback with ongoing assessments to help clarify weak areas.
(3) Provide hint cards, small labs (manipulatives and other examples), and ongoing feedback to help students see a concept in a different way.
(4) After group work on a new concept, give students time to look at the strengths and weaknesses of their thought process and analysis.  What worked?  What didn’t?  Where did the process break down? What questions still exist?  Does working with others help or is it harder?   

(5) Use the same theme of problems throughout the unit.  Analyze the same scenarios to help student see the effects of change to various components.  Revisiting the same scenarios throughout the unit also helps students recognize their progress and learning.  What was difficult at the beginning will become more manageable and even more intuitive for some students.
Exhibit and Evaluate:
(1) Include reflection questions in section above for students to evaluate how they are doing.
(2) Quizzes and tasks will help students demonstrate strengths and areas that still need to be grasped.
(3) Computer labs, activities with manipulatives, group work, and written work will provide students opportunities to demonstrate what they have learned in a variety of ways.
Tailoring the design for diverse learners:

(1) Initially assess prior skills and knowledge to determine if necessary skills are in place.  Also determine if students have already developed abstract thinking skills. 

(2) Offer extra help if prior basic skills have not been mastered.

(3) Offer activities and assignments that allow for various levels of ability and analysis.

(4) Provide variety of instruction.  Prepare small labs, activities using manipulatives, and interactive computer labs to provide multiple perspectives and ways of understanding a problem.  Students who have strengths in certain areas or provide unique perspectives and explanations can participate in developing these aides for the class.

(5) Allow students to choose some of their practice and homework problems. 

(6) Allow students to choose at least one of the ways they will demonstrate understanding of various concepts.

(7) Provide opportunities for individual, partner, or small group work.  Let students choose if they would like to work alone of with others on activities.

(8) Provide hint cards or verbal feedback and/or questions so that students can obtain help with the specific obstacle they are facing in their analysis.  Different students will get stuck at different points in the process.  Hint cards or verbal feedback allow them to solve as much of the problem as they can independently.

(9) Provide opportunities for students to share with the class the approaches they used to solve a problem.  This sharing will help them articulate their own thoughts and provide valuable alternative approaches to other students.

Organizing the learning:
(1) Hook students – what are symbols anyway? Even equations that we use already have symbols (+,-, = ).   Introduce Essential questions and unit goals.  Introduce symbols

(2) Substitute numbers for symbols.  Write word sentences for equations.

(3) Computer lab: Translate each component of an equation to word sentence and vice versa 

(4) Bridge tangible to abstract: Application facet task in small groups – create scenarios that equations could represent (x + 3 represents how old someone will be in 3 years when x is their current age)

(5) Bridge tangible to abstract:  Uncovering Variables.  Begin with known equation (one answer).  What happens when one component can change? (multiple answers) Students work alone or in groups to come up with thoughts and answers.  Class discussion of process.  The lessons following this point may depend on what students uncover in this process 

(6) Uncover patterns: Based on previous exercise, does a pattern emerge?  What is the role of the variable in a pattern?  Represent patterns in words, represent patterns in tables, graph patterns.  Direct instruction on mechanics of graphs and tables

(7) Represent patterns with an algebraic equation.  Practice converting among equations, words, table graphs, and scenarios they represent.  Perspective Facet task: Look at similarities and differences of representations

(8) Solve linear equations: Introduce Commutative, Associative, Distributive, and Identity Properties, and Order of Operations

(9) Computer lab: Solve linear equations 

(10) Performance task
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