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Indicator 1. Solve real-world problems using appropriate solution strategies.

Problem solving is the context in which students apply mathematical skills and concepts to new situations. Experiences in problem-solving enhance student understanding of the power and usefulness of mathematics. Solving problems involves the use of a step-by-step process to explore and find possible solutions. The mathematician, George Polya, identified the following steps needed in such a process:

· Understand the problem.

· Make a plan.

· Carry out the plan.

· Review and discuss the complete solution.

· Look back and reflect on the solution and the processes.

To successfully utilize this process, students need to be able to draw upon strategies such as eliminating unnecessary information, writing an equation, making a graph or table, drawing a picture or model, choosing a formula, working backward, using guess-and-check and recognizing that there may be more than one way of solving a problem. Problem solving is more than filling in answers to routine problems on a worksheet or test. This process involves knowing which strategy or combination of strategies to use and when. Problem solving skills are enhanced by applying knowledge to new and unique situations through continuous exposure to numerous multi-level problems in a variety of contexts. It is further enhanced by providing students opportunities for cooperative learning in groups, which encourages students’ thinking, experimenting and effort. 

Knowledge and skill “sub-indicators” considered prerequisites to those required for successful entry into credit-bearing postsecondary courses or career training programs must be developed during the high school experience. Some students will require extra help and opportunities for re-teaching and practice of these prerequisite skills in order to acquire the critical knowledge and skills necessary for postsecondary study and work. 

	Readiness Skills for Postsecondary Studies and Careers

	· Use Poyla’s problem solving steps to solve real-world problems.

· Recognize when information is missing and discriminate between necessary and unnecessary information in a problem.

· Solve problems requiring multiple operations/steps using appropriate strategies.

· Select appropriate formulas and use direct substitution to solve problems.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities: To become skilled in solving real-world problems using appropriate strategies and prepared to enter postsecondary credit-bearing mathematics courses and/or industry training programs, students need practice with a variety of problems including those that have missing information, require the selection of a formula or have multiple operations/steps. 
· Give students the specifications for building a bookcase including measurements. Have them use the problem-solving steps outlined above to describe how they would complete the construction of the bookcase. Once students have analyzed the information given, they should write the plan for the order of the tasks needed to build the bookcase.  Interdisciplinary Connection. This project can be shared with the construction trades teacher, and it can form the basis for any type of career/technology project requiring a chronological ordering of tasks. (Also addresses indicator 9.) 

· Supply pairs/small groups of students with an algebraic problem (equation or system of equations) and have them write a real-world context to fit the problem. After trading problems with another pair/small group, solve the contextual word problem and prepare an explanation of the problem-solving process that was used. Students will then present their explanations to the creators of the contextual problem. Creators will then provide feedback to the effort. Interdisciplinary Connection.  Interdisciplinary content areas such agriculture, economics, automotive technology, construction trades, marketing and advertising and health sciences, etc., could be assigned to each pair/small group based on their interests or program of study. (Also addresses indicator 2.)

·  Present to the class a set of similar problems containing extraneous information with incorrect solutions. Randomly distribute problems from the set to individual students (some students will have the same problem). Initially, students will work individually to identify the extraneous information and determine the error(s) in the solution. They will highlight the extraneous information and write a description the error(s) in the problem-solving process. They will correct the error(s) and solve the problem. Students working on the same problem will take turns sharing their findings within small groups, and the groups will reach a consensus on the correct solution. A spokesperson for each group will present the original problem, identify the extraneous information and explain the error(s) in the original solution. In addition, the presenter will explain the group’s thinking about the corrected solution. After the set of problems is presented, the class as a whole will discuss the similarities among the problems in the set. (Also addresses indicator 3.)

· Distribute to small groups of students sample problems with missing information and a solution. The group must determine what information is missing and supply the information needed in order for the solution given to be correct. (Also addresses indicator 3.)
· A pneumonic device to help students internalize and readily utilize Polya’s problem solving steps, the Read-Ask-Put (RAP) literacy strategy has been adapted for use in mathematics. Used consistently over time, an easy-to-use technique like RAP can build students’ confidence and provide a methodical way for them to approach increasingly complex problems.

RAP Strategy

Read:

Read the problem carefully.  As you read, identify and record the key words that indicate mathematical operations, the information that is given and what you are asked to find.

Ask:

Ask yourself how you will solve the problem and write out your plan. Then write a verbal equation to implement your plan.

Put:

Put mathematical symbols in your word equation and solve the resulting problem. Check to see if the result is a reasonable answer for what you were asked to find.

Blank and completed RAP charts follow, which describe each step of the strategy and illustrate a solution for one sample problem. The RAP chart also can be used as a scoring guide and assessment tool to help teachers and students identify where additional explanation and re-teaching is needed.  

RAP Example and Template.

Mechanics are sometimes paid by the “salary plus commission” method. Suppose a mechanic is paid a base salary of $260 a week plus 15% of all sales over twice his base salary. How much in sales must the mechanic generate in order to receive a gross salary of $300?
R.A.P.

	READ
	Read the problem carefully, all the way through. What key words are used, what are you asked to find and what information is given? Write each down.

	_____ points
	Find– amount of sales in order to gross $300

	_____ points
	Key Words– plus, gross, percent of, twice base, over

	_____ points
	Information Given– $260 base salary, 15 percent of sales over twice salary, gross salary wanted is $300

	ASK
	Ask yourself how you will solve the problem. Write out you plan. Then write a verbal equation to reflect your plan.

	_____ points
	Verbal Plan– Gross salary equals base salary plus 15% of sales over twice the base salary.

	_____ points
	Verbal Equation– Gross = Base + .15( sales – 2 x Base )

	PUT
	Put mathematical symbols in your word equation. Solve the resulting Problem and check to see if the result I a reasonable answer for the question that was asked.

	_____ points
	Variable Equation– Let x = amount of sales in $

$300 = $260 + .15[ x – 2( $260 ) ]

	_____ points
	Solving–
$300 = $260 + .15[ x – 2($260) ]


$300 = $260 + .15( x – $520 )


$300 = $260 + .15x - $78


$300 = $182 + .15x


$786.67 = x

	_____ points
	Answer– The mechanic must generate $786.67 in sales.

	_____ points
	Reasonable? Why or Why Not?– Sales of $786.67 are reasonable for one week. The amount of this figure over $520 (twice the base salary) is about $250 and 15% of that is about $36, very close to the $40 needed to increase a salary of $260 to $300. The answer is reasonable. 


R.A.P.

	READ
	Read the problem carefully, all the way through. What key words are used, what are you asked to find and what information is given? Write each down.

	_____ points
	Find–

	_____ points
	Key Words–

	_____ points
	Information Given–

	ASK
	Ask yourself how you will solve the problem. Write out you plan. Then write a verbal equation to reflect your plan.

	_____ points
	Verbal Plan–

	_____ points
	Verbal Equation–

	PUT
	Put mathematical symbols in your word equation. Solve the resulting problem and check to see if the result is a reasonable answer for the question that was asked.

	_____ points
	Variable Equation–

	_____ points
	Solving–

	_____ points
	Answer–

	_____ points
	Reasonable? Why or Why Not?–


Sample Assessment Activities:
Performance Assessment

Student problem solutions developed utilizing the RAP strategy can be scored using the following rubric that addresses the skill from each of the three sections of this learning activity.  As the assigned problems increase in complexity and cover content from other indicators, additional or revised criteria may be added.

	Criteria
	4
	3
	2
	1

	Read-Gather the information needed to identify and solve the problem
	Correctly identified the question asked, listed the information given, and identified the key words
	Correctly identified the question asked, listed most of the information given, and identified most of the key words
	Correctly identified the question asked, listed half of the information given, but did not identify the key words
	Correctly identified the question asked, but did not list the information given, and did not identify the key words

	Ask-Prepare a plan for solving the problem
	Correctly wrote a plan for solving the problem and a verbal equation to implement the plan
	Correctly wrote a plan for solving the problem and attempted to write the verbal equation to implement the plan but made errors 
	Attempted to write both a plan for solving the problem and a verbal equation to implement the plan but made errors on both
	Attempted to write a plan for solving the problem but made errors and did not attempt to write a verbal equation to implement the plan

	Put-Use mathematical language and determine reasonableness of the answer
	Correctly translated the verbal equation to mathematical symbols, solved the equation and reported why the answer is reasonable
	Correctly translated the verbal equation to mathematical symbols, solved the equation and reported why the answer is reasonable
	Correctly translated the verbal equation to mathematical symbols, solved the equation and reported why the answer is reasonable
	Correctly translated the verbal equation to mathematical symbols, solved the equation and reported why the answer is reasonable


Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. A box of cereal contains 18 ¾ cups of cereal. At most, how many persons can you serve from this box of cereal if each serving must be at least ¾ cup? (ACT Online Practice set 3 question 5)
A. 14

B. 18
C. 19

D. 24

E. 25
2. A rock group gets 30% of the money from sales of their newest compact disc. That 30% is split equally among the 5 group members. If the disc generates $1,000,000 in sales, how much does one group member receive? (ACT Online Practice set 4 question 2)
F. $ 30,000

G. $ 50,000

H. $ 60,000

J.  $200,000

K. $300,000

3. Ms. Lewis plans to drive 900 miles to her vacation destination, driving an average of 50 miles per hour. How many miles per hour faster must she average, while driving, to reduce her total driving time by 3 hours? (Preparing for the ACT booklet Test 2 Question 19)
A. 5

B. 8

C. 10

D. 15
E. 18
4. Uptown Cable, a cable TV provider, charges each customer $120 for installation, plus $25 per month for cable programming. Uptown’s competitor, Downtown Cable, charges each customer $60 for installation, plus $35 per month for cable programming. A customer who signs up with Uptown will pay the same total amount for cable TV as a customer who signs up with Downtown if each pays for installation and cable programming for how many months? (Preparing for the ACT booklet Test 2 Question 8)
F. 3

G. 6

H. 10

J. 18
K. 30


 Items are copyrighted and are used with permission from ACT, Inc.
Indicator 2. Use the language of mathematics to explain thinking processes and communicate solutions within a context.

General reading ability is a necessity in “doing” mathematics, but like any field, mathematics has its own specialized vocabulary. As students work at higher levels in mathematics and increase their understanding of mathematical concepts, their mathematical vocabulary must grow accordingly. Students must become fluent in the preciseness of language used in presenting mathematics problems, ideas and thinking. Skills in communicating mathematically include explaining the reasons for using particular solution strategies, demonstrating an understanding of concepts, defending ideas and thinking and questioning others’ thinking.

Students who have struggled through their high school mathematics classes may be reluctant to express themselves in any way that would lead to embarrassment. Teachers must encourage students to feel comfortable in expressing their thinking and strategies for solving problems openly and candidly. Students can learn the vocabulary of mathematics just like they learn vocabularies needed in other subjects, but it must be intentionally taught. Vocabulary journals, mathematics journals and vocabulary word walls are just a few examples of how teachers can help students improve their skills in communicating mathematically. Part of teaching students to communicate effectively in mathematics involves assessing students’ understandings of the specialized meanings of terms as they are used within mathematics.

	Readiness Skills for Postsecondary Studies and Careers

	· Understand and use arithmetic, algebraic and geometric vocabulary

· Identify number systems

· Recognize and interpret correctly symbolic algebra such as inequality symbols 

· Recognize and interpret geometric theorems and proofs

· Convert between verbal and symbolic mathematical representations




Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities: Activities to help students develop postsecondary readiness to explain thinking processes and communicate solutions require students to learn the vocabulary and symbols of mathematics and analyze their thinking about solutions. Verbalizing and explaining how a problem was solved will help students more deeply understand the mathematics and problem-solving strategies. 
· Provide each pair of students with a different algebraic equation and instruct them to write a story problem to fit the equation. Let pairs of students exchange story problems and have each pair write the equation to solve the problem. Then let the pairs compare their written equations to the original equations. As an extension students could present their solutions to the whole class or write about how they solved the problem. (Also addresses indicators 1 and 11.)

· Give students a problem to solve and a proposed equation with errors. Students should analyze the problem and correct the errors in the equation and write a paragraph describing the error and their solution. (Also addresses indicator 3.)

· Use the RAFT (Role, Audience, Format, and Topic) literacy strategy when making written assignments. ( See Literacy Across the Curriculum: Setting and Implementing Goals for grades 6 through 12, page 110)  For example, ask students to pretend they are a pyramid (R) and to write to an Egyptian builder (A) a paragraph (F) specifying the shape and dimensions needed for the volume (T) mandated by the Pharaoh for his final resting place. Websites such as the following provide further detailed information and resources for using the RAFT strategy in mathematics classrooms. 

http://www.tantasqua.org/Superintendent/Profdevelopment/etraft.html  

Example:

Role=Acute triangle

Audience=Obtuse triangle


Format=Letter


Topic=Explain differences of triangles


Dear Obtuse triangle,

Although we both have three angles that add up to 180 degrees, you will never be a model triangle like me. My three angles are all trim and in balance with each other since they are each less than 90 degrees. Therefore my overall appearance allows me to show the newest in triangle fashion in flattering views. You, on the other hand, have one angle bigger than 90 degrees and should really think about an exercise program to more evenly distribute your 180 degrees. I am really concerned about you and I would be glad to recommend some trainers so just let me know if you are interested.

Sincerely,

Acute Triangle

· Provide algebraic work-related word problems such as the following:

A worker’s pay for the week is $10 an hour for the first 40 hours and time and a half for the additional 20 hours worked. How much will the worker be paid for working 63 hours in one week?
Students group parts of the problem within parentheses to set aside statements that will translate to simple expressions and write symbols above the words that indicate those operations.



P

  (
(  10     (       40    )                   +

A worker’s (pay) for the week is ($10 an hour for the first 40 hours) (plus)
  (    1.5 ( 10
      (                      20     )

(time and a half for the additional 20 hours worked).

· After completing a hands-on experience, require students to write their own geometric definitions and/or theorems using what they have learned. For example, students can create a surface area net for a cylinder by cutting paper shapes to cover the object. Based on their creation, students can then write their own formula for the surface area of a cylinder and compare it to the most commonly accepted formula and discuss any differences.
Example: 
Provide each student with transparent tape, centimeter grid graph paper, a piece of string 24 cm long, a green marker, and a brown marker. Instruct students to tape their string onto the graph paper to form a rectangle and write in the length and width on the sides. Have students hold up their rectangle so everyone can see and discuss that fact that even though they all had the same length of string there are different shaped rectangles. Explain what perimeter is and require students to write their own definition and formula for calculating the perimeter of a rectangle. Now have students count the graph paper squares inside the rectangle, write that number inside the rectangle and compare with rest of the class so that they observe rectangles with the same perimeter can have different areas. Challenge students to now write a definition and formula for area of a rectangle. The string can be colored with the brown marker and the inside of the rectangle with the green marker to help students remember what area and perimeter are by thinking of a grass lawn with a fence.  
· Use variations of common vocabulary-building games such as the “Concentration” game to practice matching mathematics terms and definitions. An example game specific to mathematics can be found at http://www.quia.com/jg/66054.html.

· Use the correct mathematical terminology in conversations with students. Use of slang, tricks and shortcuts prevents students from making important connections and increasing their understanding. When introducing new mathematical vocabulary require students to write their own definitions and illustrations of the terms in a vocabulary journal.

·  Interdisciplinary Connections: Have students research the history of mathematical symbols and make presentations to the class about how the symbols we use today were established.

· Use visual representations, like the Frayer Model, to strengthen the understanding of specialized definitions within mathematics for common terms. (See Literacy Across the Curriculum: Setting and Implementing Goals for grades 6 through 12, page 119.) Students complete four sections of a chart listing the essential characteristics or a definition of the term, nonessential characteristics, examples and non-examples. In particular, this process of thinking about non-examples can help clarify the mathematical meanings of selected vocabulary. Examples of Frayer Models specifically designed for mathematical terms can bee seen at http://oame.on.ca/main/files/thinklit/FrayerModel.pdf .
· Use discussion strategies to answer questions, such as posing another question to help students verbalize their thinking and deepen their understanding of mathematical concepts.
Sample Assessment Activities:
Performance Assessment

Student work developed in response to the second suggested learning activity—correcting equation errors for a given word problem—can be scored according to the following rubric that addresses the skills in analyzing and explaining problems and their solutions
	Criteria
	4
	3
	2
	1

	Identify the errors
	Correctly identifies all of the equation errors
	Correctly identifies most of the equation errors
	Correctly identifies at least half of the equation errors
	Correctly identifies at least one of the equation errors

	Correct the errors
	Correctly revises all of the equation errors
	Correctly revises most of the equation errors
	Correctly revises at least half of the equation errors
	Correctly revises at least one of the equation errors

	Describe the errors and revisions
	Clearly and concisely discusses why each identified error is incorrect and defends and explains the revisions made.
	Discusses, but not clearly, why each identified error is incorrect and minimally defends and explains the revisions made.
	Attempts to discuss why each identified error is incorrect and refers to the revisions made.
	Identifies correctly why each identified error is incorrect but makes no attempt to defend and explain the revisions made.

	Describe the solution
	Correctly solves the problem and explains the process used.
	Correctly solves the problem but does not adequately explain the process used
	Attempts to solve the problem, but makes small calculation errors, and attempts to explain the process used
	Attempts to solve the problem, but with major errors, and does not attempt to explain the process used


Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. A circular coin has a radius of 3/8 inch. When lying flat, how much area does the coin cover, in square inches? (ACT Online Practice set 4 question 7)
A.   [image: image1.png]



B.   [image: image2.png]6




C.   [image: image3.png]s




D.   [image: image4.png]



E.   [image: image5.png]



2. What are the values of a and b, if any, where a|b – 2| < 0 ?  (ACT Online Practice set 1 question 11)
A. a < 0 and b [image: image6.png]


2

B. a < 0 and b = 2

C. a [image: image7.png]


0 and b > 2

D. a > 0 and b < 2
E. There are no such values of a and b.

3. There are n students in a class. If, among those students, p% play at least 1 musical instrument, which of the following general expressions represents the number of students who play NO musical instrument? (ACT Online Practice set 3 question 9)
A. np
B. .01np
C. [image: image8.png]L
Too





D. [image: image9.png]



E. 100(1 - p)n
2 Items are copyrighted and are used with permission from ACT, Inc.
Indicator 3. Use a variety of techniques to recognize correct answers, check for reasonableness, and identify mistakes.

Often students are so focused on finding the answer to the problem that they do not think about checking for accuracy and reasonableness of answers. Verifying the solutions to problems and determining the reasonableness of answers is one way for students to revise their work until it is correct and meets high standards. However, students’ inability to recognize reasonable answers and the resulting mistakes are a common source of complaint among mathematics teachers.

Organizing instruction to provide more experiences with estimating and modeling can help students become more accurate in their work.  Students should use a variety of techniques to identify their mistakes. Techniques might include spot checking the items in a data set, examining the accuracy of a scale, verifying values computed to create a graph and analyzing the problem situation to determine the accuracy of the model selected to represent it.

Providing correct answers and practice in identifying the types of errors in their work is one way to help students become independent learners. To determine reasonableness, students should be routinely required to self-check the fit between their answer and the question that was asked. Often students can detect their errors in the accuracy of the model they used or their computations and are able to revise their work. Teacher intervention and re-teaching will be needed when errors result from a lack of conceptual understanding of the mathematics involved. 

	Readiness Skills for Postsecondary Studies and Careers

	· Use a number set to represent an accurate fit between answers and problem situations (e.g. whole numbers rather than fractions to represent people or manufactured units)

· State the units of the answer (e.g. 3 houses, 3 inches or 3 gallons)

· Use estimation to determine accuracy and reasonableness of answers 

· Identify and correct mistakes in computations

· Use checking techniques to evaluate the accuracy of a solution

· Determine the domain and range of a solution set

· Identify the inverse of a function.

· Find a solution from multiple representations: tables, graphs, and symbolic.




Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Require students to estimate answers using the proper number set and determine the units of the answer before solving word problems. (Also addresses indicators 1 and 4.)
· When solving word problems require students to write equations and identify what each variable represents. Answers should be stated in complete sentences and include the appropriate units. (Also addresses indicator 11.)
· Ask small groups of students to work teacher-provided problems incorrectly. Let groups exchange solutions, practice identifying the errors and making corrections. Have small groups share their work with one another and select several examples for sharing with the entire class. 
· When checking shows an answer to an equation is incorrect, have students substitute the erroneous answer in each step of the solving procedure they used. The step at which the statement is true for this wrong answer is the point at which the student made a mistake in their solving process.

· To establish a supportive learning environment in which students find and correct their mistakes, teachers should “think out loud” as they demonstrate the solving of sample problems. They should encourage students to verbally explain their thinking in problem-solving situations first with the teacher or a partner progressing on to small and large group activities.

· Interdisciplinary Connections: Have students create a model (picture, drawing, object) for an input/output machine (such as a vending machine) showing the input and output. Define domain (input) and range (output) in terms of the machine and let students name some real-life examples. Discuss the difference between the machine’s operations as a function (working properly with a unique output for each input) versus a relation (working improperly with multiple outputs for a unique input). 

· Allow groups of students to write a short list of directions, such as stand up and turn left, for a person to move from one point in the classroom to another. After the class has observed an individual walking through a set of instructions, ask students how the person should get back to the point at which they started. Use this activity to define inverse. Revisit the input/output machine and require students to reverse the input/output to demonstrate the inverse. Discuss examples when the machine inverse is and is not a function. Extend to the use of equations and their inverses to formally define inverse functions. (Also addresses indicator 2.)
Sample Assessment Activities:
Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. If x is a real number greater than 1,000,000, which of the following fractions is the smallest in value? (ACT Online Practice set 5 question 10)
F. [image: image10.png]



G. [image: image11.png]



H. [image: image12.png]



J.  [image: image13.png]



K. [image: image14.png]



2. A scuba diver often sends up a balloon-type marker. The marker starts out fairly small and gets larger as it approaches the surface. The chart below shows the marker's volume at multiples of 33 feet below the surface of the water. Which of the following equations fits these data? (ACT Online Practice set 5 question 9)
	d
	depth in feet
	0
	33
	66
	99
	132

	V
	volume in liters
	1
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A. V = [image: image19.png]



B. V = [image: image20.png]



C. V = – [image: image21.png]


+ 1

D. V = [image: image22.png]e -d





E. V = [image: image23.png]



Indicator 4. Formulate conclusions, construct arguments and make conjectures based on observations.
Logical reasoning includes making conjectures based on observed regularities, constructing arguments and formulating conclusions. The rules of logical reasoning that govern mathematics establish a framework for mathematical statements that lead students through a reasoning process so that they may draw conclusions. As such, logical reasoning overlaps considerably with problem solving and communication.

Students’ logical reasoning abilities are best developed and assessed with open-ended problems or performance tasks where they must document their reasoning.  To adequately prepare students for success after high school, teachers must consistently develop their understanding of mathematics by challenging them to solve more complex problems and to explain their reasoning.
	Readiness Skills for Postsecondary Studies and Careers

	· Use basic logic arguments effectively (i.e. if-then, conjunctions, disjunctions, and negations.)

· Evaluate the reasonableness of other solution procedures.

· Understand and use deductive and inductive reasoning.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Introduce or review basic logic symbols. Practice translating arguments to their symbolic representation. The following website reviews the most commonly used logic symbols in mathematics: http://en.wikipedia.org/wiki/Table_of_logic_symbols
· Interdisciplinary Connections: Let pairs of students do research on Sherlock Holmes and his process of deductive reasoning. Ask them to compare and contrast deductive reasoning with the process of inductive reasoning. Students can then report on their findings to the class with poster presentations.

· Ask students to give examples of deductive and inductive reasoning in real life and work situations and/or create a deductive reasoning scavenger hunt.

· Interdisciplinary Connections: Provide real-life problem scenarios for students to practice logical thinking, both deductive and inductive, as they explore solutions. For example, have students consider all the details and restrictions for pilots working for an airline as they plan a work schedule. An example of inductive reasoning in a real-life scenario from the Numbers television show can be found at http://education.ti.com/educationportal/activityexchange/Activity.do?cid=US&ald=7931 .
There are some examples of puzzles at the site identified below: http://www.puzzles.com/Projects/LogicProblems.html (Also addresses indicator 1.) 

· Given a mathematical, social, career or technical fact statement, students will complete a Flow Chart to show what they can conclude as a result of the original and each successive piece of information. For example, complete a flow chart for providing instructions to a robot on movement through the coordinate plane from point A to point B. As an alternative, have students construct a flow chart to make a decision between two options, such as whether to buy a new car or fix the old one. Let them compare their process to that of deductive reasoning in a two-column proof and/or if-then statements.

Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. What is the largest possible product for 2 even integers whose sum is 34 ? (ACT Online Practice set 3 question 6)
F.  64

G.  68

H. 120

J.  240

K. 288
2. If a and b are any real numbers such that 0 < a < 1 < b, which of the following must be true of the value of ab ? (ACT Online Practice set 2 question 10)
F. 0 < ab < a
G. 0 < ab < 1

H. a < ab < 1

J. a < ab < b
K. b < ab
3. What are the values of a and b, if any, where a|b – 2| < 0 ? (ACT Online Practice set 1 question 11)
A. a < 0 and b [image: image24.png]


2

B. a < 0 and b = 2

C. a [image: image25.png]


0 and b > 2

D. a > 0 and b < 2

E. There are no such values of a and b.

Indicator 5. Use technology (including software and graphing calculators) to enhance understanding of mathematical ideas and concepts.

Calculators and computers are indispensable tools in the fields of mathematics, science, technology and in everyday life. They permit searching for solutions to problems that without technology would be difficult because of their complexity or the number of calculations involved. The study of mathematics and science requires students to use these technologies, but without an understanding of the underlying concepts and processes, students view the technology as “a crutch rather than a tool.” Technology can supplement and enhance learning, but it can never supplant it.

Technology needs to be an integral part of mathematics instruction. Students’ technological skills must keep pace as they take on more complex calculations, create more complex explanations of solutions and reasoning and explore different types of relationships. As they experience solving problems in a variety of contexts with and without technology, they will develop an understanding of when technology is useful and is not useful and its limitations. Teachers must guide students in the use of technology to enhance their learning, especially when graphing equations and inequalities, demonstrating and verifying mathematical ideas, and performing simulations in probability experiments.

	Readiness Skills for Postsecondary Studies and Careers

	· Perform descriptive statistics using a graphing calculator.

· Use computer software such as Excel and PowerPoint to create graphs to support data sets.

· Interpret information from a graph (x and y intercepts, maximum and minimum values, domain, range, concavity, and trends).

· Determine a regression equation using graphing calculator technology.

· Use graphing calculator technology to solve systems of equations.

· Graph function families and describe transformations of the functions.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Ask groups of students to test a hypothesis by collecting and analyzing data. This scenario could be designed to focus on topics of interest to students. Once the data is collected, students should calculate descriptive statistics and use the results to make decisions about the hypothesis. Have students create visual representations of the data sets using Excel or PowerPoint and predict future events from the visual representation. Example scenarios for descriptive statistics can be found at websites such as http://www.mste.uiuc.edu/hill/dstat/dstat.html (Also addresses indicator 10.)
Example:

Conduct a survey of 30 students to collect data on height. Represent the data in a histogram and calculate the mean, median, mode, and standard deviation. Based on your findings, predict the heights of the rest of the student body.
· Have small groups of students measure their height and foot length and share their data with the rest of the class. Using a graphing calculator, have students enter the data as ordered pairs in the list function. After graphing the points, the regression function on the calculator can be used to find the regression equation. You might want students to complete these tasks by hand on paper before using the technology to check their results. (Also addresses indicators 10 and 12.)
· Let small groups of students select and research a mathematical topic of interest. Allow students to choose a type of visual for creating a report, including charts and graphs, based on their research. Ask them to explain why they made the choices they did. For example, students may be interested in attendance at school sporting events. They could choose Excel to display a spreadsheet of the data they collect on attendance and compare the differences among the events. They would share with the large group their findings as well as the reasoning behind their choice of technology.
· Provide students with problem situations involving systems of equations. These may be linear and/or nonlinear. Instruct them to write equations to solve the problem. Have them graph the equations on a graphing calculator and use the graph to solve the problem. Using the visual display on the calculator, identify and discuss the meaning of maximum and minimum, concavity, x and y intercepts, and domain and range in terms of the problem situation. (Also addresses indicators 14 and 15.)
· Investigate functions by studying them as families. After identifying the equation and graph of a type of parent function, students can use a graphing calculator to understand the relationship between the numerical values added and multiplied into the equation and the translation and stretch of the graph. (Also addresses indicators 15 and 17.)
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. In the graphs below, all axes have the same scale. One of the graphs shows y = 3x + 1. Which is that graph? (ACT Online Practice set 3 question 7)
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2. The graph of y = [image: image26.png]X7



is shown below. 
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Among the following, which is the best representation of y = [image: image27.png]x-7|



? (ACT Online Practice set 2 question 12)
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Indicator 6. Identify and describe differences among natural numbers, whole numbers, integers, rational numbers, and irrational numbers.

Real-life problem situations rarely involve only easily managed whole numbers. More often, the numbers involved include percents, decimals, rational and irrational quantities. Therefore, students should have mastery of concepts connecting the subsets of the real number system, understanding of exponential notation, and the ability to represent both rational and irrational numbers on a number line. Students need to be (are) able to convert between percents, decimals and fractions or between scientific notation and standard form numbers. In addition, they should have the ability to estimate irrational numbers and use rounding rules. Not only do these skills assist students in the study of rational numbers and solving problems with very small and very large numbers, they help them decide which solution or form of a solution to a problem is more useful, valuable or relevant.

	Readiness Skills for Postsecondary Studies and Careers

	· Compare and order fractions, decimals, percents, integers, rational and irrational numbers 
· Estimate square roots.
· Understand the difference between exact and approximate representations of numbers.

· Use rounding correctly.

· Understand accuracy and precision.

· Model relationships between fractions, decimals, and percents

· Give real-world examples of integers.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Create a graphic organizer for the real number system.

· Provide students with a dot-to-dot picture where the dot labels consist of fractions, decimals, percents, integers, irrational and rational numbers. Have students connect the dots in numerical order to create the picture and complete their work without a calculator.

· Create a square root number line showing the simplified version of perfect squares and the correct position of non-perfect squares between the perfect squares. All non-perfect square roots should be shown in simplified radical form. (Also addresses indicator 7.)
· Interdisciplinary Connections: Assign word problems that involve a variety of skills, such as estimation, working with different number sets, and rounding. These problems should involve real-life scenarios focused on career and technical areas such as construction trades, electronics or business and economics. 

Example:

A homemaker wants to save money by making bedroom curtains rather than buying them. Using the following information, determine how much fabric she will need and how much the fabric will cost. Window dimensions: 6' wide, 4' long. The finished width of the curtains will be 3 times the window width. The curtains will have two gathered sections with a 3" hem at the bottom and a 1" hem on each side. The uncut fabric is 54" wide and costs $15.99 per yard. Fabric is sold by the yard with partials in 1/2, 1/4, or 1/3 yard. You will need to add 1/2 inch for seam allowances on sides, top and bottom. A seam is where the fabric is sewn together; the allowance is the material that is folded back on either side of the seam.  Add 6" for curtain-rod pocket at the top. 
Downloaded March 5, 2009, from http://www.micron.com/k12/math/measure/home.aspx#solution  

· For each set of numbers in the Real number system, identify a situation where that set is the most appropriate. For example, outdoor house paint is often sold only in gallons and not available in fractions of a gallon. When calculating how many gallons of paint to buy for painting a house, the most appropriate number set to use is whole numbers (0, 1, 2, 3, 4, 5, …….) rather than rational numbers (fractions and decimals that repeat or terminate).

· Interdisciplinary Connections: Teach students to read a simple caliper (do not use dial or digital calipers). As measurements are taken, write the result as a sum of the whole, 1/16, and 1/128. Provide a set of objects, such as plastic pipe, pencils, pens, paper clips, books, paper, etcetera, and require each group of students to take turns measuring them until all items have been measured by each group. Have the groups compare their measurements, identity which are different, and discuss reasons for the differences. Introduce the concepts of precision, the quality of the caliper’s operation, and accuracy, the quality and correctness of the reported result. Identify scenarios where both precision and accuracy are essential. (Also addresses indicator 9.) (is a procedure for using equipment that needs to be practiced and side benefit is gained understanding about fractions, a real life problem using this equipment would not provide adequate practice and side benefit would be lost)
· Complete a RAFT assignment, (see Literacy Across the Curriculum: Setting and Implementing Goals for grades 6 through 12, page 110). More information can be found at: 
http://mstliteracy.wordpress.com/2007/04/02/raft/ 
· Complete an Anticipation Guide (see Literacy Across the Curriculum: Setting and Implementing Goals for grades 6 through 12, page114). 

· Additional examples can be seen at: http://oame.on.ca/main/files/thinklit/FrayerModel.pdf.
Example: To be used before the introduction of quadratic relationships.
Do You Agree or Disagree

1. Two rectangles with the same perimeter must have the same area.

2. A quadratic is a figure with four sides.

3. A parabola is the graph of a quadratic relationship.

4. A quadratic always has a minimum value.
5. A quadratic is always a function.
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. What integer most nearly approximates 
[image: image28.wmf](50)(80)

? (ACT Online Practice set 3 question 11)
A.    20

B.    40

C.    63

D.    200

E.    2,000
2. Which of the following fractions is equivalent to 0.05? (Online ASSET Student Guide page 15 question 6)
A. 1/5

B. 1/20

C. 1/25

D. 1/50
E. 1/200
Indicator 7. Solve problems involving positive integer exponents, scientific notation, numerical factors, least common multiples, square roots, and cube roots.

Working with numbers involving powers and exponents requires foundational knowledge of factors and multiples. Expect students to use number sense to deduce the meaning of exponents and how numbers are represented using exponents. When this is done, students are less confused than when they just try to memorize several exponent rules. This deductive process also leads students to logically conclude why any non-zero number raised to the zero power is one.

Mastering the concepts of greatest common factor and least common multiple prepares students for factoring and simplifying rational expressions and equations. Manipulating the terms in expressions and equations, as well as recognizing common factors, are basic algebraic skills. Students should understand that whole numbers can be written as products of factors. This, along with the properties of operations, will help students make a successful transition to proportional reasoning and simplifying algebraic expressions and equations. 

Students who are having difficulty in determining the greatest common factor and the least common multiple may benefit from using fraction strips and/or arrays of counters (a given number of counters arranged in a square or a rectangle). Some students may need extra help and time outside of their regular mathematics classes to gain confidence in these concepts.
	Readiness Skills for Postsecondary Studies and Careers

	· Simplify exponential expressions, involving integer and fractional exponents.

· Compute with irrational numbers.

· Perform operations with numbers in scientific notation.

· Simplify radical expressions.
· Convert between radical and exponential forms.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Provide opportunities for students to use the distance formula, Pythagorean formula, and trigonometric ratios to calculate measures in the classroom. Have students use clinometers and tape measures to find the necessary measures for each formula. After calculations are complete, allow students to directly measure each distance, if possible, and compare their measured answers to their calculated answers. (Also addresses indicators 7, 9 and 11.)
Example:
Provide rectangular boxes of different sizes to groups of students and have them measure the length, width, and height. Require each group to predict whether the box diagonal or a side diagonal is longer and by how much. Using the Pythagorean formula and the measured box lengths students will first calculate the box and side diagonals and then measure them. They can then compare their finding to their predictions.
· Create a comparison matrix for examples of nonlinear functions to identify characteristics of the equations, roots, and graphs for each type. Include examples of several types of functions—linear, powers, square root and/or cube root—to discover patterns. Compare how the different types of functions and examples are similar and different.
Example:

	Comparison Matrix



	Characteristics
	Items to be compared
	Similarities and Differences

	
	1. Linear Functions
	2.Quadratic Functions
	3. Cubic Functions
	

	Equation Type

(y=f(x))


	All exponents are positive integers and the only powers of x are 0 or 1.
	All exponents are positive integers and the highest power of x is to the second. 
	All exponents are positive integers and the highest power of x is to the 3rd 
	Similarities-All exponents are positive

	
	
	
	
	Differences-Highest power exponent

	Type of Graph
	Line
	Parabola
	Curve
	Similarities-Extend forever to left and right

	
	
	
	
	Differences-Two extend up and down and one extends only up or down

	Turning Points
	None
	One
	None or Two
	Similarities-none

	
	
	
	
	Differences-different numbers

	Y intercepts
	One
	One
	One
	Similarities-all the same number

	
	
	
	
	Differences-none

	X intercepts
	None or one
	None, one, or two
	One, Two, or Three
	Similarities-multiple possibilities

	
	
	
	
	Differences-different possibilities


· Present students with the scenario of an employee creating a hugely successful product for their employer. The company offers the employee a million dollars or a penny today and double the money tomorrow and for each of the next 29 days following today. Let students decide which option they would select as their payment and have them explain their reasoning behind the choice they made. (Also addresses indicators 1 and 4.)
· Interdisciplinary Connections: Research the route of the space shuttle in space. Calculate the distance the shuttle travels during different time intervals after launch. Express these distances in scientific notation and find the total distance traveled. Calculate the average speed of the shuttle for each time interval and for the whole trip. Use a model to represent the findings. (Also addresses indicator 9.)
· Interdisciplinary Connections: The contractor of a subdivision wants each lot to be 50 feet deeper than the width, so each lot will be (x) feet wide and (x + 50) feet deep.  In addition, the Homeowner Association has guidelines on how much of the lot can be covered by the house. Identify the dimensions for the house, in terms of x, that will satisfy the Homeowner Association rules (Answers may vary). What would be a reasonable lot size and how many lots can be formed for a given acreage? This problem will require that students work with rational expressions in terms of x. (Also addresses indicator 13.)
· Write the quadratic, distance, and/or Pythagorean formula in both radical and exponential form. Solve the same problem using each format and compare the process and the results.

Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. Which of the following is equivalent to (x)(x)(x)(x), for all x ? (ACT Online Practice set 1 question 
A. 4x


B. x4
C. x + 4

D. 4 x
E. 2x2
2. 3 [image: image29.png]


10 – 4 = ? (ACT Online Practice set 1 question 4)
F. –30,000

G. –120

H. 0.00003

J. 0.0003

K. 0.12
3. A particle travels 1 [image: image30.png]


10 8 centimeters per second in a straight line for 4 [image: image31.png]


10 –6 seconds. How many centimeters has it traveled? (ACT Online Practice set 2 question 2)
F. 2.5 [image: image32.png]


10 2

G. 2.5 [image: image33.png]


10 13
H. 4 [image: image34.png]


10 2

J. 4 [image: image35.png]


10 –14
K. 4 [image: image36.png]


10 –48
4. For a population that grows at a constant rate of r% per year, the formula 
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 people is counted. The population of the city of San Jose was 782,000 in 1990. Assume the population grows at a constant rate of 5% per year. According to this formula, which of the following is an expression for the population of San Jose in the year 2000? (Preparing for the ACT booklet, p. 30, Test 2, question 33)
A. 782,000(6)10
B. 782,000(1.5)10
C. 782,000(1.05)10

D. (782,000 × 1.5)10
E. (782,000 × 1.05)10
5. For all x≠0 and y≠0 
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6. Which of the following is equal to [image: image45.png]


? (ACT Online Practice set 3 question 1)
A.  2[image: image46.png]>




B.  2[image: image47.png]



C.  4[image: image48.png]>




D. 10

E. 10[image: image49.png]



Indicator 8. Use proportional reasoning to model and solve application problems involving rate, indirect variation, direct variation, scale drawings, and similar triangles.

Ratios and proportions provide the conceptual underpinnings for finding unknown measurements in similar figures, immeasurable distances, analyzing and representing functions, investigating slope, reductions and enlargements of figures, and numerous other applications. Ratio is fundamental to understanding whether or not an algebraic function is linear or not. It is essential that students master proportional reasoning to prepare them for the thinking and problem solving they will need in their further study of mathematics.

To help students gain a basic understanding of ratio it is helpful to use familiar contexts. For example, altering the quantity of the ingredients in a recipe must be proportional in order to increase or decrease the number of servings without changing the taste or success of the dish. An enlargement of a photograph will have a different appearance if the length and width are not both increased proportionally. (The latter can be demonstrated easily using most graphic or photographic software applications.)

Students must have numerous experiences solving for missing values in proportions in addition to writing and solving proportions in a variety of problem-solving contexts. Again, using number frames (boxes or answer blanks used for unknown values) may be useful. Proficiency in proportional reasoning can be further developed by comparing similar geometric figures using measurement tools and by graphing functions, such as distance, rate and time. 

	Readiness Skills for Postsecondary Studies and Careers

	· Write ratios, rates and proportions given written scenarios

· Find equivalent ratios

· Solve application problems requiring proportional thinking or solving similar triangles.

· Solve direct and indirect variation equations.

· Solve right triangle problems using the trigonometric ratios.

· Analyze scale drawings and maps.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Given the verbal description for directions from one point to another, students can create a scale drawing of the map including the legend. 
Example:
Write verbal directions for traveling from your house to the nearest shopping mall including distances measured in miles. Create a map, drawn to scale, to illustrate the directions and include a title and legend. 
· Interdisciplinary Connections: In various industry situations, certain liquid mixtures are required to contain prescribed percentages of an additive. These additives are often available only in concentrated form. The industry professional must determine how to dilute the concentrate to create the desired mixture. Given the necessary data, have student calculate the amount of concentrate to add to a mixture. (Also addresses indicators 9 and 10.)
Example:

A 7 gallon radiator contains a 40% antifreeze solution. Radiators should contain a 50% antifreeze solution. How much of the mixture should be drained from the radiator and replaced with pure antifreeze to achieve the necessary 50% mixture?
· Interdisciplinary Connections: Certain liquid medications are provided in concentrated form to be delivered intravenously. The health care professional must determine the flow rate for a patient based on weight. 
Example:

A man comes to the hospital and needs a medication based on his body size. He weighs 170 lbs. The Doctor prescribes Dobutamine, which stimulates the heart to increase the number of contractions and increases strength of contraction of heart muscle to pump blood more effectively. He needs to be given 10 mg/kg every minute of this medication intravenously.

If we put 500 mg of Dobutamine in one liter of normal saline, how much solution do we need to give per hour?

Downloaded March 5 from: http://www.micron.com/k12/math/algebra/cvspec.aspx 
· Interdisciplinary Connections: With the interest that students have in decreasing or increasing the tire size on their automobiles, have students calculate the effect this has on their speed and how they should make adjustments on their speedometers. Which case is more likely to result in getting a speeding ticket, increasing or decreasing tire size? Is each case a direct or indirect variation to speed? (Also addresses indicators 1 and 9.)
· Interdisciplinary Connections: Require students to research the different types of accounts at a bank for investing $10,000 dollars, such as savings, money market, or CD. Have them make a chart showing the interest rate, how the interest is calculated, and the regulations or restrictions of each. Based on their research, students should identify which type of account they would choose and explain their thinking. (Also addresses indicator 1.)
· Choose a tall outside object for groups of students to measure indirectly. One student in each group will stand in the sun and hold one end of a string on the top of their head. A second student will hold the other end of the string on the end of the shadow cast on the ground. The rest of the students will measure the height of the student, the length of his shadow, the length of the string, and the length of the shadow cast by the tall object. Using the facts about similar triangles and the data collected, students can calculate the height of the tall object. (Also addresses indicator 9.)
· Complete the Numbers activities found at the following websites: 

http://education.ti.com/educationportal/activityexchange/Activity.do?cid=US&aId=7812 http://education.ti.com/educationportal/activityexchange/Activity.do?cid=US&aId=6521
These activities both involve direct and indirect variation situations.

· Interdisciplinary Connections: Entrance ramps for handicapped individuals must be constructed with an incline that meets federal safety regulations. Have students research the regulations to find the desired angle of elevation. For different ramp heights, students should then use the tangent ratio to calculate how far from the building the ramp should meet the ground. The sine ratio could be used to calculate the length of the ramp. (Also addresses indicators 5 and 9.) 

· Interdisciplinary Connections: In forestry, it is important to keep track of tree growth when making decisions about growing conditions and logging. Foresters use an electronic device to measure the angle of elevation to the top of trees from a given distance away from the tree. They then use right triangle trigonometric ratios to calculate the height of the tree. Students could make a simple clinometer to replicate the forester’s method of calculating tree heights. The following website is a sample of the instructions available for constructing a clinometer: 

http://faculty.salisbury.edu/~jabergner/prime%20grant/Indirect%20measurement%20with%20a%20clinometer.doc, http://www.cipce.rpi.edu/~cubink/webpage/ilionhighsite/clinometer.htm
Example:

Construct a clinometer following the directions at one of the provided websites.  Choose a tall building or object on campus and identify a distance from it as the position from which to measure the object’s angle of inclination using the clinometer. Students can then use the distance away, the angle of elevation, and trigonometric ratios to estimate the height of the object. 

· Compare a current map and an early 1800’s map of the western United States. Direct students to show the journey of Lewis and Clark on each map and discuss how their journey would have been different if completed during present time. Include terrain, people, and experiences in the comparison.

Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. In a shipment of 1,000 light bulbs, [image: image50.png]


of the bulbs were defective. What is the ratio of defective bulbs to nondefective bulbs? (ACT Online Practice set 1 question 12)
F. [image: image51.png]



G. [image: image52.png]



H. [image: image53.png]



J. [image: image54.png]



K. [image: image55.png]



7. On a road map with a scale of ¼ inch per 10 miles, the highway from Waukee to Winterset is 
[image: image56.wmf]8
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 inches long. How many miles long is this highway? (Online ASSET Student Guide page 15 question 3)
A. 44
B. 55
C. 65
D. 70
E. 90

2. There are 280 runners registered for a race, and the runners are divided into 4 age categories, as shown in the table below.
[image: image57.emf]
The prize committee has 60 prizes to award and wants the prizes to be awarded in proportion to the number of runners registered in each category. How many prizes should be designated for the 26–35 age category? (Preparing for the ACT booklet, Test 2, p. 28, question 28)
F. 15


G. 17

H. 24

J. 36

K. 40
3. The measures of the angles of a triangle are in the ratio of 2x : 3x : 5x as illustrated below. What is the measure of the smallest angle in the triangle? (ACT Online Practice set 3 question 8)
F. 18°

G. 20°

H. 30°

J. 36°

K. 40°
4. In the figure below, [image: image58.png]


B is a right angle and the measure of [image: image59.png]


A is 30°. If [image: image60.png]


is 10 units long, then how many units long is [image: image61.png]


? (ACT Online Practice set 5 question 7)
[image: image62.png]



A.  5

B. 10

C. 20

D. [image: image63.png]



E. [image: image64.png]103




5. In [image: image65.png]


ABC, if [image: image66.png]


A and [image: image67.png]


B are acute angles, and sin A = [image: image68.png]


, what is the value of cos A ? (ACT Online Practice set 1 question 10)
F. [image: image69.png]



G. [image: image70.png]



H. [image: image71.png]



J. [image: image72.png]



K. [image: image73.png]



Indicator 9. Read, analyze, and convert various measures given within application settings, including multi-step conversions.

Students’ mastery of basic measurement concepts is related to other topics in mathematics, including ratio and proportion, writing and solving algebraic equations, and understanding functions. Students who leave high school struggling with measurement may be in this predicament because of rote learning of measurement as a procedure. These students need to develop personal benchmarks for different measures and a conceptual understanding of measurement as the numerical way to describe a specific characteristic of an object.

Higher-level mathematics tends not to involve taking direct measurements, but teachers may find the inability to use a ruler a signal of conceptual weaknesses. These weaknesses could be difficulty with number lines and/or one-to-one correspondence or not understanding the concept of measurement as the process of assigning a number to a characteristic of an object or figure. These two concepts are very important in the further study of mathematics. Using various hands-on materials such as graph paper, centimeter cubes, geoboards and graphing software can help students understand the basic concepts of distance, perimeter, area and volume.
	Readiness Skills for Postsecondary Studies and Careers

	· Solve problems requiring measurement conversions, given the unit conversion facts.

· Find volume and surface area of common geometric figures, given the formulas.

· Convert between measures using dimensional analysis.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Provide students with geometric solids such as prisms, cylinders, pyramids and cones. Have students use construction paper to create and build surface area nets for each of the solids. Students should develop the formulas for finding the surface area for each type of solid. After gathering measurement data for each of the solids, these formulas will be used to calculate the surface area of each. Interdisciplinary Connection. Knowledge of the types of faces that make up a solid is related to artistic representations and architectural forms. (Also addresses indicators 1 and 4.)

· Require students to compile a formula sheet for perimeter, area, volume and surface area of common geometric shapes. Each formula should include a drawing of the figure showing the variables used in the formula.

· Given the measures to build several cylinders from construction paper, use rice and a measuring cup to determine the cylinder with the greatest volume. Use the volume formula for cylinders to calculate the volume of each and compare that to the volume of rice that fills it. Students will need to perform unit conversions in order to make this comparison.
· Have students use a protractor to draw several triangles of different sizes with the same angles. Ask them to measure the lengths of the sides of each triangle and discuss in groups what they notice when comparing the triangles or the lengths of their sides. (Also addresses indicator 8.) 
· Interdisciplinary Connection: Provide students with the plans and diagram for building an in-ground swimming pool. Using the dimensions given, students should calculate how many yards of concrete will be needed to build the pool and walkway, how many boxes of tile needed to cover the walkway, and the number of gallons of water the pool will hold. (Also addresses indicator 10.)
Example:
A swimming pool construction company has been contracted to build a racing pool 50 feet wide, 75 feet long, and 4 feet deep with a 6 foot wide sidewalk all the way around it. Students are to research the local codes and standard requirements for pools of this type and calculate the amount of concrete that will be needed for the swimming pool. 

· Interdisciplinary Connection: Students can make a plan for redesigning the interior of their school. They will measure the dimensions of a section of the school and provide information on which areas within that section they want to be carpeted, tiled, painted, or wall papered. Students should then use their measurements to calculate the amount of each type of material to complete the job. They should then prepare a cost estimate including labor for each task. (Also addresses indicators 10 and 11.)
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. The youth center has installed a swimming pool on level ground. The pool is a right circular cylinder with a diameter of 24 feet and a height of 6 feet. A diagram of the pool and its entry ladder is shown below. To the nearest cubic foot, what is the volume of water that will be in the pool when it is filled with water to a depth of 5 feet? (Note: The volume of a cylinder is given by (r2h, where r is the radius and h is the height.) (Preparing for the ACT booklet, Test 2, p. 29, question 29)
[image: image74.emf] 

A. 942

B. 1,885

C. 2,262

D. 9,047

E. 11,310

2. The edges of a cube are each 3 inches long. What is the surface area, in square inches, of this cube? (Preparing for the ACT booklet, Test 2, p. 31, question 46)
F. 9

G. 18

H. 27

J. 36

K. 54

3. For a project in Home Economics class, Kirk is making a tablecloth for a circular table 3 feet in diameter. The finished tablecloth needs to hang down 5 inches over the edge of the table all the way around. To finish the edge of the tablecloth, Kirk will fold under and sew down 1 inch of the material all around the edge. Kirk is going to use a single piece of rectangular fabric that is 60 inches wide. What is the shortest length of fabric, in inches, Kirk could use to make the tablecloth without putting any separate pieces of fabric together? (Preparing for the ACT booklet, Test 2, p. 32, question 54)
F. 15

G. 24

H. 30

J. 42

K. 48
4. If you have gone 4.8 miles in 24 minutes, what was your average speed, in miles per hour? (ACT Online Practice set 2 question 9)
A.   5.0

B. 10.0

C. 12.0

D. 19.2

E. 50.0

Indicator 10. Use multiple pieces of data from multiple data representations to calculate and solve problems.

Data analysis is the area of mathematics people are most likely to encounter in their daily lives. Usually people do not collect their own data, but they are often faced with graphs, charts, survey results and statements regarding statistical information in newspapers, magazines, statements of political candidates and government officials, report cards and standardized test data. This data influences the decisions they make concerning their health, finances, home, transportation and jobs. In addition, data use is an important component in many academic content areas, especially science and social studies. 

Data analysis provides an ideal context for applying, assessing and reinforcing other mathematics skills and concepts. Technology, such as graphing software and calculators, can help students display, understand, analyze and interpret data. Provide students with opportunities to communicate mathematically when presenting interpretations of data, reasoning logically to verify statistical claims, and using data for decision making in problem situations. 

Some students may need extra time and help to improve their data interpretation skills. Using smaller numbers, fewer data items in a set and guiding students to choose the appropriate display for the types of data sets are some ways to help them. Encouraging students to use organizing displays such as stem-and-leaf plots, bar charts and line graphs can help them find measures of central tendency and range.
	Readiness Skills for Postsecondary Studies and Careers

	· Read, construct, and interpret a variety of graphs, including single and double bar, single and double line, pictographs, circle graphs, stem and leaf, whisker plots, and scatter plots.
· Determine the best graphical representation for a data set.

· Determine the line of best fit.

· Use a regression line to make predictions.

· Solve problems illustrating real-world applications requiring an analysis of data

· Use computer software or graphing calculator technology to determine regression equations and make predictions.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Provide students with a variety of data displays and ask them to gather information concerning the proper topics for the use of each. Many free Websites are available to provide students with information on constructing data displays and scenarios appropriate for using each type. One excellent example can be seen at the following website: http://exploringdata.cqu.edu.au/ (Also addresses indicator 4.) (Certain types of data displays should be used only with particular types of data. For example, bar graphs (with space between the bars) should only be used in situations where the data categories are non-numerical or non-continuous such as picking a color or picking a whole number. Histograms (with no space between the bars) are used only when data categories are numerical and continuous such as measurements in inches and fractions of an inch. 
· Interdisciplinary Connection: Let each group of students represent a family and randomly assign(?) an income and any pertinent information that may affect the family’s finances. Have each group create a budget that they represent in a data display of their choice.
· Have students collect some type of timed data, such as how many times a basketball bounces when dribbled from a specific height for different lengths of time. Graph the data on a grid and draw the line with half of the points above and half below the line. Estimate the y-intercept and slope of this line and use the information to write an equation. Then use a graphing calculator to enter the data set and calculate a line of best fit. Compare the equation found by hand with that provided by the calculator. (Also addresses indicator 5.)
· Given data sets pertaining to a topic, analyze the data to make predictions. Topics might include future Olympic records, cost of a home in 20 years, average human height in 50 years, or when a business will begin to make a profit. (Also addresses indicator 4.)
· Interdisciplinary Connection: Based on data collected from research, ask students to decide how long an individual should keep a particular car before trading it in on a new one. (Also addresses indicator 1.)
· Relate data trends to slope and other transformations in data displays. Consider the effect of changing conditions on data displays and the information these changes provide. For example, if only male heights are considered the slope of that data will be different than the slope of the data that only includes female heights.  
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. All of the following graphs have equal scales on the axes. One of the graphs shows only points for which the y- coordinate is 1 less than the square of the x-coordinate. Which one? (Preparing for the ACT booklet, Test 2, p. 32, question 50)
[image: image75.emf]
2. Two hoses are used to fill a pool. Twice as many gallons of water per minute flow through one of the hoses as through the other. Both hoses had been on for 12 hours and had filled the pool to the 4-foot mark when the hose with the faster flow stopped working. The hose with the slower flow then finished filling the pool to the 5-foot mark. Which of the following graphs shows the relationship between the time spent filling the pool and the height of the water in the pool? (Preparing for the ACT booklet, Test 2, p. 29, question 31)
[image: image76.emf] 
3. Tom’s long-distance service charges $0.10 per minute from 7:00 P.M. to 7:00 A.M. on weekdays, all day on Saturdays, and all day on holidays; $0.05 per minute all day on Sundays; and $0.25 per minute at all other times. The table below gives his long-distance calls for 1 week, including the date and day of each call, the time it was placed, and the number of minutes it lasted.
[image: image77.emf]
What did Tom’s long-distance service charge him for the calls in the table? (Preparing for the ACT booklet, Test 2, p. 30, question 34)
F. $7.30

G. $7.60

H. $7.95

J. $8.80

K. $9.90
4. What is the median of the following 7 scores? 42, 67, 33, 79, 33, 89, 21(Preparing for the ACT booklet, Test 2, p. 31, question 41)
A. 42

B. 52

C. 54.5

D. 56

E. 79
5. To determine a student’s overall test score for the semester, Ms. Lopez throws out the lowest test score and takes the average of the remaining test scores. Victor earned the following test scores in Ms. Lopez’s class this semester: 62, 78, 83, 84, and 93. What overall test score did Victor earn in Ms. Lopez’s class this semester? (Preparing for the ACT booklet, Test 2, p. 26, question 7)
A. 67.6

B. 80.0

C. 83.0

D. 83.5

E. 84.5

Indicator 11. Solve one and two-step equations and inequalities in one variable, including word problems.

Finding missing values in number frames (e.g., 4 • ? = 32); using formulas, the properties of operations, and the order of operations; and graphing ordered pairs are skills that serve as building blocks for algebra. Algebra is the language of mathematics as well as other content areas. Have students learn the language of algebraic symbols as they write and solve simple equations in problem-solving contexts. It is also imperative for students to understand that the graph of an equation, such as a line or curve, consists of the many points that are solutions to the equation. This awareness supports their understanding of relationships between various representations of information that is needed for their further studies of mathematics.

Students often benefit from hands-on experiences such as using counters, algebra tiles, and equation mats to help them understand the process of solving simple equations in one variable. Also assign students to use multiple formats to represent and record their computations for solution pairs. These formats would include equation solving that maintains the equality by showing detailed steps in the solving process in addition to the use of tables and graphs.  By understanding that the methods used by graphing calculators and software are essentially the same as those used when solving equations and graphing by hand, students will better understand the concepts of linear functions and relations.

	Readiness Skills for Postsecondary Studies and Careers

	· Add and subtract polynomials.
· Simplify expressions using the rules of exponents.
· Translate real-life linear models into algebraic equations.
· Solve literal equations for one variable.
· Solve linear inequalities.
· Solve linear equations using graphing technology.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Use commercially-prepared materials like Hands-on Equations, Algeblocks or algebra tiles as manipulatives for teaching strategies for equation-solving and simplifying polynomials. First, students use the manipulatives to model the problem and then draw a picture of the model. Finally, they write what they modeled and drew in mathematical symbols. This cycle of model, draw, write (MDW) should be used for each step in the solving or simplifying process. Make sure students write their work down and show all steps in the process. Student mastery of the MDW process is the most important component. (the purpose of this item is to add kinesthetic opportunities for those type of learners and to identify types of kinesthetic manipulatives available for math resources-it is process learning and trying to tie in real life problems here confuses students) 
· Given a word problem and its solution, have the class define the variables and describe/explain the equation orally or in writing.

· When presented with real-life scenarios of linear relationships, expect students to translate from the verbal to the symbolic equation or inequality representation and then solve. The process of translating to symbols would include defining the variables and writing a verbal equation or inequality. Check the equation solution to see if it is a solution to the original real-life scenario. Examples of real-life uses of linear equations include supply and demand, distance, rate and time, sports facts, building shelves, mixture problems, constructing mobiles, price comparisons, health care, and auto mechanics. There are many more suggestions on the Internet and the following Websites include some specific examples: http://www.math.unc.edu/Faculty/mccombs/web/alg/classnotes/lineqapp/introlineqapp.html; http://illuminations.nctm.org/LessonDetail.aspx?id=L382; http://panther.moundsparkacademy.org/~dethier/activities/real-world/appl-linear-eqtns.htm; (Also addresses indicator 1.)
Example:

Provide students with dowel rods of various lengths, including some the same length. Each rod should be named with a label such as A, B, C, etc. Students will arrange the rods in order from shortest to tallest and then write inequalities to identify the relationships between dowel rods according to height. Relationships could include those between the shortest and tallest, any three randomly chosen, the two in the middle, or the tallest four.
· When solving problems that require the use of a geometry formula (literal equation), have students solve the formula for the variable they are trying to find before substituting values from the problem for the other variables. To assist kinesthetic learners, write each of the variables in the formula on a post-it note and have them use the notes to model the formula. The post-it notes can then be manipulated to solve the formula for any of the variables. It is certainly possible to provide a problem here for the first part but the post it note activity is again about manipulatives and kinesthetic learners and mixing it with word problems is confusing to students.
· Use graphing calculator technology to solve equations. There are a wide variety of activities for graphing calculators on the Texas Instruments Website that follows: http://education.ti.com/educationportal/activityexchange/ActivitySearch.do?cid=US (Also addresses indicator 5.)
· Have students describe equation-solving methods in a letter to a real or imaginary friend who has been absent from class. (Also addresses indicator 2.)
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. The number line graph below is the graph of which of the following inequalities? (Preparing for the ACT booklet, Test 2, p. 32, question 49)
[image: image78.emf]
2. What are all the real values of x that are solutions for the inequality [image: image79.emf](Online ASSET Student Guide page 17 question 1)

[image: image80.emf]
3. If 3x – 2 = 2y and y = 3z + 5, which of the following is equal to x? (Online ASSET Student Guide page 17 question 2)

A. z + 2

B. z + 7/3
C. z + 5

D. 2z + 4

E. 3z + 7
4. Which of the following statements completely describes the solution set for 3(x – 4) = 3 x – 12 ? (Online ACT Practice Set 2 question 6)
F. x = 3 only

G. x = 0 only

H. x = –12 only

J. There are no solutions for x.

K. All real numbers are solutions for x.
5. Leticia went into Discount Music to price CDs. All CDs were discounted 23% off the marked price. Leticia wanted to program her calculator so she could input the marked price and the discounted price would be the output. Which of the following is an expression for the discounted price on a marked price of p dollars? (Preparing for the ACT booklet, Test 2, p. 27, question 17)
A. p – 0.23p

B. p – 0.23

C. p – 23p

D. p – 23
E. 0.23p
6. The inequality 3(x + 2) > 4(x – 3) is equivalent to which of the following inequalities? (Preparing for the ACT booklet, Test 2, p. 30, question 36)
F. x < –6

G. x < 5

H. x < 9

J. x < 14

K. x < 18
7. Two enterprising college students decide to start a business. They will make up and deliver helium balloon bouquets for special occasions. It will cost them $39.99 to buy a machine to fill the balloons with helium. They estimate that it will cost them $2.00 to buy the balloons, helium, and ribbons needed to make each balloon bouquet. Which of the following expressions could be used to model the total cost for producing b balloon bouquets? (Preparing for the ACT booklet, Test 2, p. 26, question 1)
A. $ 2.00b + $39.99

B. $37.99b

C. $39.99b + $ 2.00

D. $41.99b

E. $79.98b
8. Which of the following is equivalent to (4x2)3? (Preparing for the ACT booklet, Test 2, p. 26, question 4)
F. 64x8
G. 64x6
H. 12x6
J. 12x5
K. 4x6
9. Which of the following is an equivalent simplified expression for 2(4x + 7) – 3(2x – 4)? (Preparing for the ACT booklet, Test 2, p. 26, question 6)
F. x + 2

G. 2x + 2

H. 2x + 26

J. 3x + 10             
K. 3x + 11
Indicator 12.  Determine the equation of a line and represent the equation in a variety of ways (including slope-intercept form, standard form, and point-slope form).

Because students will encounter linear relationships in a variety of forms, they need to develop the ability to write the equation of a line in multiple formats. The essential concept behind all linear equation forms is the slope of the line and is required knowledge for writing all forms of linear equations. Slope is a fundamental concept in both higher-level math and in real-life situations. The vocabulary used to indicate slope is numerous and varied depending on where and how the term is being used. Students must be familiar with that vocabulary and understand that in all instances the concept is the same.
There are different types of formats for writing equations of straight lines; the "standard" format in some texts may differ from that used in other books. Standard forms often come from a few centuries ago, when mathematicians couldn't handle very complicated equations, so they tended to prefer the simplest format. Technology has changed that view and the circumstances of use now dictate which equation form is preferred. 
Students may see the most useful form of straight-line equations as the slope-intercept form, "y=", as it is the easiest to substitute values into, either for graphing or solving word problems. Also, this is the only format used in graphing calculators. The most useful part about the slope-intercept form is that students can read the slope and y-intercept right from the equation. This allows graphing by hand with ease.

	Readiness Skills for Postsecondary Studies and Careers

	· Given a linear application, identify and define slope as a rate of change.

· Recognize relationships with positive, negative, zero, and undefined slopes.

· Determine and interpret the slope and x and y intercepts from a linear equation.

· Solve problems requiring the distance and midpoint formulas.

· Use and interpret the meaning of parallel and perpendicular lines.

· Write linear equations given 2 points or the slope and a point.

· Write linear equations of parallel and perpendicular lines. 


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Use small white boards with grids to graph linear functions. For kinesthetic learners, create a grid on the floor and require students to walk through the slope information to graph the line with yarn. In addition, have students use a stairway as an example of rate of change and calculate its slope. Then provide other real-life examples, like the stairway, for rate of change and have students look at the actual example objects if possible. There are many good Websites that contain demonstrations, activities, and graphing calculator suggestions to further student’s understanding of slope. A few examples follow: 
http://www.mathprojects.com/downloads/algebra/monster_cars.pdf http://www.mathprojects.com/downloads/activities/tic_tacs.pdf 
http://www.austintown.k12.oh.us/~aust_tr/homework/quickfiles/Slope%20Activities/slope%20experiment%20with%20solutions.pdf
http://www.shodor.org/interactivate/activities/SlopeSlider/  http://www.algebralab.org/activities/activity.aspx?file=Science_AllTiedUpInKnots.xml 
· Collect data using a Calculator-Based Laboratory (CBL) or a Calculator-Based Ranger (CBR) from Texas Instruments or an Ultrasonic Motion Detector from Vernier. Each of these products downloads motion data to a graphing calculator.  Viewing graphs of the data helps students gain understanding about linear equations. http://webs.wichita.edu/facsme/cbl/graphs_experiment.pdf  http://webs.wichita.edu/facsme/cbl/graphs_experiment.pdf (Also addresses indicator 5.)
(These tools are data collection devices, such as when a student walks to and away from the CBR it records the time and distance away from the device and then creates a graph to represent the data on a graphing calculator. The problem is created by the student and the circumstances. They could also develop a sample scenario to fit their data.)
· Have students design a picture on an x y coordinate system using only lines; write the equation for each line in the picture. Label the parallel and perpendicular lines. Determine if any of the lines have the same x or y intercept. Or write a program for a robot using lines and turns.
Example:

An industrial robot transports equipment being shipped to different sites from a warehouse. The robot can move in a series of straight lines and turns of no greater than 90 degrees but cannot move backwards. It is programmed using distances along linear equation paths and angular measures for turns in a rectangular grid. Write program of instructions for the robot to move from its origin at (0, 0), pick up a package at point (15, 9) to be transported to a truck at point (-5, -6) and return to point (5, 0) to pick up another package.

· Interdisciplinary Connection: Use longitude and latitude coordinates in the distance formula to calculate the distance, in degrees, from one location to another. This method is used in real life by NASA as outlined at the following website: http://www.ed.arizona.edu/ward/Latitude/distance.html (Also addresses indicator 1.)
· Interdisciplinary Connection: Investigate the linear relationship between the Fahrenheit and Celsius scales. A formal activity can be found at:  http://www.ed.arizona.edu/ward/Celsius/celsius.html 

· Interdisciplinary Connection: Explain to students that machining tools work from data given in coordinate plane format, i.e. ordered pairs or equations. Have them draw plans for a design to be tooled that involves both parallel and perpendicular lines and identify the data that will be given to the machining tool. In order to insure that their data is correct, students should write the equations of the lines and verify that they are indeed parallel and perpendicular.
· Have students use linear programming and linear inequalities to identify an area of the coordinate plane. Identify parameters for a point within that area that students must locate. Choose a topic of interest to students for creating the parameters like the treasure hunt  example found at: http://www.algebralab.org/activities/activity.aspx?file=Science_CandyHunt.xml 
· Writing linear equations, in any format, is generally done from either the graph of the line or information about the line itself. When information about the line is given it could simply be in the form of points and/or slope. It might also be provided in the context of a word problem. Regardless of what or how the information is provided to students, they should be able to provide an equation in any linear equation form asked for. After providing instruction to students about the different ways to write a linear equation, ask groups to choose the form they feel is most useful and explain their thinking. 

· After defining parallel and perpendicular lines geometrically for students, have them use graphing calculators to explore the relationships between parallel and perpendicular lines and their equations. Based on findings, have students write equations for parallel and perpendicular lines. (Also addresses indicator 5.)
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. What is the slope of the line 5y = –3x + 10 ? (Online ACT Practice Set 3 question 3)
A.  –3

B. –[image: image81.png]



C.  [image: image82.png]



D.  2

E. 10
2. What positive value of k would make the lines below parallel in the standard ( x, y) coordinate plane? (Online ACT Practice Set 4 question 6)
 kx +  2y =   8
18x +  ky =  12

F.  0

G.  2

H.  6

J.   8

K. 12
3. Which of the following is an equation of a line that passes through the origin and is parallel to the line 2x –  y =  5  ? (Online ACT Practice Set 4 question 11)
A. –2x +  y =  5

B.  2x +  y =  5

C.   x –  y =  0

D.  2x –  y =  0

E.  2x +  y =  0
4. What is the slope of the line through (–5,2) and (6,7) in the standard (x,y) coordinate plane? (Preparing for the ACT booklet, Test 2, p. 27, question 12)
[image: image83.emf]
5. In the standard (x,y) coordinate plane, the midpoint of  [image: image84.emf] is (4,–3) and A is located at (1,–5). If (x,y) are the coordinates of B, what is the value of x + y ? (Preparing for the ACT booklet, Test 2, p. 30, question 37)
A. 19

B. 8

C. 6

D. –1.5

E. –3
6. What is the distance between the points with (x,y) coordinates (3,–2) and (–3,–1)? (Online ASSET Student Guide page 17 question 3)
A. 
[image: image85.wmf]7


B. 
[image: image86.wmf]37


C. 
[image: image87.wmf]11


D. 3
E. 7
Indicator 13. Identify and factor polynomials including trinomials, perfect squares, difference of two squares, and polynomials with common factors.

The concept of factoring is one of the most difficult for students to master. Factoring is primarily a mathematical tool for managing and manipulating numbers and algebraic symbols but does not connect well with any real-life application. Students cannot easily connect this skill to processes and knowledge that are familiar to them. Being able to factor integers into primes does not intuitively support or carry over to an understanding of factoring polynomials.  The Fundamental Theorem of Algebra states that any polynomial can be factored in essentially just one way.  But the proof doesn't really tell students how to do it. To prepare for post-high school success, student must be able to factor both numbers and polynomials.

Algebra tiles or a similar rectangular array model to connect factors and products can provide students with some basic understandings about quadratic polynomials. These teaching tools provide students with physical objects to manipulate that represent each term in the polynomial, along with a visual representation of what polynomials look like that need to be factored using the quadratic formula. Unfortunately, these manipulatives do not support understanding how to factor other types of polynomials. 

Students need to connect factors of polynomials with x-intercepts of the graph and roots of the polynomial function. Students can also use tables or graphing technology to determine between which integer values a solution lies by looking at sign changes in functional values. Recognition of roots and patterns form the foundation to becoming skilled at factoring polynomials.
	Readiness Skills for Postsecondary Studies and Careers

	· Recognize and use patterns to factor trinomials, trinomial squares, perfect square trinomials, and difference of two squares.

· Multiply binomials mentally.

· Use graphing technology to determine equivalence between the factored and expanded form of a polynomial in one variable.

· Use the completing the square method to factor second-degree polynomials.

· Factor a polynomial by locating the zeros of the polynomial on a graphing calculator.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Use algebra tiles or Algeblocks to model factoring of quadratic expressions. These products rely on students’ understanding of area models and quadratics represented by the area of rectangles and squares. Areas of rectangles and squares are calculated by multiplying two linear measures, length and width of the figure. Quadratic equations are the result of multiplying two linear expressions. Manipulatives can help students discover and understand the “first outer, inner last” (FOIL) method of factoring and multiplying. Many Websites can be found with free and inexpensive versions of both tiles and software including suggestions on how to use these manuipulatives. The following provide a few examples: 
http://nlvm.usu.edu/en/nav/frames_asid_189_g_4_t_2.html?open=activities http://regentsprep.org/REgents/math/teachres/ttiles.htm http://www.etacuisenaire.com/algeblocks/algeblocks.jsp  
· Use algebra tiles to model completing the square.

· Provide students with index cards that have polynomials written on some and the factorization of the polynomials on others. Ask students to match the cards and then record the process needed for each polynomial to be written in factored form.

· The roots of a polynomial can be used to write the factors. Use graphing calculators to identify the roots of a polynomial or recognize that rational roots do not exist, and therefore the polynomial is not factorable. (Also addresses indicator 5.)
· Explore the relationship between number of roots and the highest power of a single variable polynomial.

· Require students to prove the quadratic formula using completing the square.
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. For all x, (3x + 7)2 = ? (Preparing for the ACT booklet, Test 2, p. 27, question 11)
A. 6x + 14

B. 6x2 + 14

C. 9x2 + 49

D. 9x2 + 21x + 49

E. 9x2 + 42x + 49
2. Which of the following is a factored form of the expression 5x2 – 13x – 6 ? (Preparing for the ACT booklet, Test 2, p. 28, question 23)
A. (x – 3)(5x + 2)

B. (x – 2)(5x – 3)

C. (x – 2)(5x + 3)

D. (x + 2)(5x – 3)

E. (x + 3)(5x – 2)
3. For all positive integers x, what is the greatest common factor of the 2 numbers 216x and 180x ? (Preparing for the ACT booklet, Test 2, p. 28, question 20)
F. 6

G. 72

H. x

J. 12x

K. 36x
4. Which of the following gives 6a2b3 – 3a2b in factored form? (Online ASSET Student Guide page 16 question 3)
A. 3a2b(2b2)

B. 3a2(2b2 – 1)

C. 3ab(2ab2 – 1)

D. 3a2b(2b2 – 1)

E. a2b(6b2 – 1)
5. For all x > 0, [image: image88.png]


simplifies to(Online ACT Practice Set 1 question 5): 

A. x + 3

B. x + 4

C. 2(x + 3)

D. 2(x + 4)

E. 2(x + 3)(x + 4)

Indicator 14. Analyze, interpret, and solve systems of equations or inequalities with and without technology.

Very rarely do people analyze situations in which one factor determines the outcome. Rather, most real-world scenarios involve considering multiple factors that determine several possible outcomes. Therefore, students need to analyze, interpret and solve systems of equations and inequalities both by hand or by using computer software applications or graphing calculators. The skill of finding the point of intersection to solve a system of two linear equations and identifying the area containing all possible points to solve a system of two linear inequalities forms the foundation for utilizing the strategy of linear programming. Students should begin with systems involving only two linear relationships. Then they can move to more sophisticated systems, such as those involving more than two equations, e.g., absolute value or quadratic equations.
	Readiness Skills for Postsecondary Studies and Careers

	· Identify the solution of a system of equations as an ordered pair satisfying both equations.
· Define dependent (one ordered pair), consistent (infinitely many ordered pairs), and inconsistent (no ordered pairs) systems of linear equations.

· Find the solution of a system of equations by graphing, substitution or elimination.

· Find the solution of a system of linear equations using graphing technology.

· Solve application problems involving systems of linear equations.

· Identify the solution of a system of inequalities as a set of ordered pairs satisfying both inequalities.

· Given the graph of a system of inequalities, name a solution in the solution set.




Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Use Venn diagrams to demonstrate what ‘in common’ solutions mean. Have students draw three intersecting circles, one for multiples of 2, multiples of 3, and multiples of 5 that are less than 20. Discuss why some numbers are in more than one circle. Provide students with three tables of ordered pairs that have some common pairs. In another set of three intersecting circles, have students place ordered pairs from each table in a circle with common pairs in the correct overlaps. Discuss that pairs are points on a graph. In a third set of intersecting circles, repeat the process with three equations. Have students find ordered pairs that are solutions to the equations to place in the Venn diagram. Students should then graph all three equations and locate any intersections of the graphs, identify the ordered pairs of the intersection points, and place the pairs in the proper overlap of the Venn diagram. Stress that ordered pairs on a graph are points and solutions to the function equation. In addition, the ordered pairs of the intersections are the common solutions to the equations of the graphs intersecting.
· Show examples of dependent, consistent, or inconsistent systems graphically and symbolically and demonstrate with tables and Venn diagrams.

· Interdisciplinary Connections: Arrange students in groups of four where two members must write and graph an equation for the cost of production in a given business scenario. The other two members must write and graph the equation for profit in the same business scenario. The two pairs should then graph both equations on the same grid and discuss and analyze what the intersection of the two graphs means. Finally, each group could explain their conclusions to the rest of the class. (Also addresses indicator 12.)
· Provide students with a system of two linear equations where each is solved for y. Students can then choose one equation and record what “y” is equal to on a post-it note. Have them position the post-it note over the “y” in the other equation to understand that they have made a substitution. Then students should solve the resulting equation, write the solution on a post-it note and make another substitution into the first equation for “x.” They then solve the resulting equation. Point out the (x ,y) ordered pair as the common solution. (Also addresses indicator 11.)
· Connect the process of solving by elimination to the substitution activity. In substitution, a variable was eliminated when “y” was replaced with what it equaled so that the resulting equation in one variable could be solved. Elimination is just another process for creating equations in one variable that can be solved.
· Interdisciplinary Connections: Complete a linear programming activity. Assign small groups of students to complete four production tasks, e.g. drawing two different shapes and coloring each. Have students collect data on the amount of time it takes to complete each of the four separate production tasks. Provide students with parameters for production quantity limits within a certain time frame for each shape along with its selling price. Students can then use their data, parameters and prices to recommend how many of each shape a company should produce to maximize profit. 

· Ask students to choose their preferred method (elimination, substitution or graphing) of solving systems of equations and place them in groups accordingly. Instruct each group to prepare a poster presentation to explain their preference and share it with the class. (Also addresses indicator 4.)
· Divide students into small groups and provide each group with the same set of three equations and one unique equation. Direct students to pair their unique equations with each of the three equations in the common set. Each group solves their three resulting systems consisting of two linear equations and marks their solutions on a floor grid. (Each small group’s three solutions should be collinear.) As the whole class observes, let volunteers use yarn to graph the lines for the three equations common to all groups. Because one of the equations in every system of equations was the same for all groups, each yarn line should intersect one solution point from each small group. A group without a solution point on a yarn line has made an error in their solving process.
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. The sum of the real numbers x and y is 11. Their difference is 5. What is the value of xy ? (Preparing for the ACT booklet, Test 2, p. 27, question 10)
F. 3

G. 5

H. 8

J. 24

K. 55
2. Tickets for the Senior Talent Show at George Washington Carver High School are $3 for adults and $2 for students. To cover expenses, a total of $600 must be collected from ticket sales for the show. One of the following graphs in the standard (x,y) coordinate plane, where x is the number of adult tickets sold and y is the number of student tickets sold, represents all the possible combinations of ticket sales that cover at least $600 in expenses. Which graph is it? (Preparing for the ACT booklet, Test 2, p. 31, question 40)
[image: image89.emf]
3. When graphed in the (x,y) coordinate plane, at what point do the lines x + y = 5 and y = 7 intersect? (Online ACT Practice Set 2 question 7)
A. (–2,0)

B. (–2,7)

C. (0,7)

D. (2,5)

E. (5,7)
4. If x + 2y = 1, and 2x + y = 5, then x + y =? (Online ACT Practice Set 3 question 10
F. 1

G. 2

H. 3

J.  4

K. 5

Indicator 15. Model and solve problems involving non-linear functions using technology.
Technology allows students to get to the analysis stage of understanding functions without getting bogged down in computation. In addition, students can quickly and accurately graph several functions at once to look at patterns and overall function behavior. Teachers should give students graphs and have them determine specific characteristics of the graph such as domain, range, and maximum and minimum values. Students can use the TRACE function, LIST function, and CALCULATE function of a graphing calculator to relate the terms zeros, solution, root and factor to non-linear functions.

As with all tools, students need to learn the pitfalls behind relying too heavily on technology as the sole basis for understanding. The high school mathematics classroom provides the perfect setting for students to gain the experience needed to determine when calculator functions may provide visually deceptive or incorrect information. Students can only become critical consumers of the information provided by a graphing tool if they have an understanding of the underlying processes generating this information and a realistic expectation of the results.
	Readiness Skills for Postsecondary Studies and Careers

	· Determine the domain and range of linear functions, radical functions, and rational functions.

· Determine the maximum and minimum values of quadratic and other functions with and without technology.

· Determine the increasing and decreasing intervals of functions with technology.

· Use knowledge of transformations to explore a variety of functions.

· Use quadratic formula to solve quadratic equations.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· After identifying the domain and range of examples of linear and nonlinear functions compare and contrast the characteristics of the domain and range number sets for each. (Also addresses indicator 6.)
· Interdisciplinary Connections: Investigate the uses of nonlinear modeling technology such as ANSYS, a simulation software package, to study nonlinear behavior. http://www.ansys.com/solutions/solid-mechanics-nonlinear.asp 

· After students have used graphing techniques to estimate maximum and minimum values of simple nonlinear examples, have them use graphing calculators to verify their estimates and work with more complicated examples. (Also addresses indicator 5)
· Interdisciplinary Connections: The National Science Foundation supports the Internet Differential Equations Activities (IDEA) Website at http://www.sci.wsu.edu/idea/.  Topics such as bungee jumping, hydroplane racing, ecological models, salmon migration, corporate fishing, irrigation and El Nino are included in the activities. Each activity provides background information about the topic, the nonlinear math involved and technology to manipulate and experiment with the math. (Also addresses indicator 5.) Not sure what you are saying about the last bullet, need permission if you are talking about using one of their problem examples (see taped notes about pg 50)
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. If one leg of a right triangle is 8 inches long, and the other leg is 12 inches long, how many inches long is the triangle's hypotenuse? (Online Act Set 1 question 6)
F. [image: image90.png]



G. [image: image91.png]410




H. [image: image92.png]



J. [image: image93.png]M1S




K. 4
2. How many solutions are there to the equation x2 – 15 = 0 ? (Online ACT Practice Set 1 question 8)
F. 0

G. 1

H. 2

J. 4

K. 15
3. A circle with center (–3,4) is tangent to the x-axis in the standard (x,y) coordinate plane. What is the radius of this circle? (Online ACT Set 1 question 9)
A. 3

B. 4

C. 5

D. 9

E. 16
4. What is the least value of x that satisfies the equation x2 – 7x + 6 = 6 ? (Online ACT Practice Set 3 question 4)
F. –7

G. –6

H. –4

J.   0

K.  1
5. What is the sum of the 2 real solutions to the equation x = 6 – x2 ? (Online ACT Practice Set 5 question 12)
F.  6

G.  2

H.  1

J.  –1

K.  –6

Indicator 16. Translate among tabular, graphical, and algebraic representations of non-linear functions.

Non-linear functions integrate many mathematics skills and concepts, such as formulas, coordinate graphing, patterns, rates and variables. The nature of change and relationships expressed by functions is better understood when students are exposed to a variety of representations, such as graphs, verbal descriptions, equations and function tables. Translating among different forms of representing non-linear functions involves analysis of connections and purpose behind each form. Graphing functions is particularly important in helping students appreciate the change of one value as related to another.  In addition, graphing facilitates understanding of the formal definition of the relationship between the variables in a function. Familiar formulas, such as the perimeter of a square or the volume of a cube, can more easily be compared and help students understand differences between non-linear functions when viewed as a graph.

	Readiness Skills for Postsecondary Studies and Careers

	· Use the regression feature of a graphing calculator to find the mathematical model for a set of non-linear data.

· Use functional notation.

· Graph functions using patterns, transformations, and a table of values.

· Use information from graphs, tables, and equations to solve application problems and predict future events.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

	Table or Chart


	  Graphic Representation

	Algebraic Representation
	Verbal Description


·  Use a four corner model to compare different representations of relationships. Fold a sheet of paper in half twice to create four rectangles, one at each corner. Have students label the corners verbal, tabular, algebraic, and graphical. Given a problem in one of these four forms, students should provide the other three representations and find the solution to the problem. Have students post their work on the walls and allow the class to rotate through a “gallery” review. (Also addresses indicator 2.)
· Based on given or collected data, students should use the list, statplot, and regression features of a graphing calculator to graph and write an equation of best fit. Given an equation they should use the list feature to create a tabular form of the relationship. In addition, they should use the information generated from the graphing calculator to make predictions and solve problems. (Also addresses indicator 5.)
· Give students real-world data and a scenario to solve and have them present their findings, using multiple representations of the data, to the class.  An excellent example of Statistical Process Control and needed resources can be found at the following sites:

http://download.micron.com/pdf/education/k12_pdf_lessons/spc.pdf 

http://download.micron.com/pdf/education/k12_pdf_lessons/spc_presentation.pdf
http://www.mathsisfun.com/data/quincunx.html  

(Also addresses indicator 10.)
· After students have found a graphical model for a real-life situation, ask them to focus on small sections of the graph and relate the piece to the scenario. What information is provided and what is the meaning or implication of that part of the graph? How does it compare to other parts of the graph?
Example:

Study the provided graph and using the given information provide a reasonable scenario for the graph. Then provide an explanation within the context of your scenario for the highs, lows, and ends of the graph.
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Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. The graph of y = [image: image95.png]X7



is shown below. 
[image: image96.png]



Among the following, which is the best representation of y = [image: image97.png]x-7|



? (Online ACT Practice Set 2 question 12)
F. [image: image98.png]


            J. [image: image99.png]



G. [image: image100.png]


            K. [image: image101.png]



H. [image: image102.png]



2. Consider the functions f (x) = 
[image: image103.wmf]x

 and g(x) = 7x + b. In the standard (x,y) coordinate plane, 
y = f (g(x))_ passes through (4,6). What is the value of b ? (Preparing for the ACT booklet, Test 2, p. 33, question 57)
A. 8

B. –8

C. –25

D. –26

E. 4 – 
[image: image104.wmf]7


3. If f(x) = x2 – 2, then f(a + 2) = ? (Online ASSET Student Guide page 18 question 2)
A. a2 + 4a + 4

B. a2 + 4a + 2

C. a2 + 4a

D. a2 + 2
E. a2
17. Compare and contrast the characteristics of non-linear function families with and without technology.

Students who are prepared for postsecondary study need to investigate common characteristics of different function families. To help students distinguish between different types of functions, they should study function characteristics such as the possible number of x- and y-intercepts, changes in direction (increasing or decreasing behavior), and the quadrants where the graph of a function would lie. These analyses and the use of simple problem-solving contexts will provide students with a frame of reference when they encounter specific examples of non-linear functions. Requiring students to use graph paper, graphing software or calculators will help them better understand the concepts of non-linear functions, their graphs and equations. 
	Readiness Skills for Postsecondary Studies and Careers

	· Describe the general characteristics of a given function family.

· Compare and contrast the characteristics of several functions.

· Apply characteristics of odd and even functions to determine in which quadrants a graph lies.

· Use a graphing calculator to investigate properties such as domain, range, maximum and minimum values, increasing and decreasing intervals, concavity, inflection points, undefined values, etc of a variety of functions.


Learning Activities and Assessments to Ensure Readiness for Postsecondary Studies

Sample Learning Activities:

· Create a graphic organizer for non-parent examples of nonlinear functions to identify characteristics of the equations, roots, and graphs for each. Include several examples of each of the following types of functions, powers, square root and cube root, to discover patterns. Write a summary of how the different types and examples are similar and different.
Example to be completed by student:
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	Graphic Organizer
	
[image: image106.wmf]32

522

yxxx

=-+--



	How Are They Alike With regard to?

	· 3 is highest exponent


	Equations

Roots

Shape of Graphs

Behavior as 
[image: image107.wmf]x
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Inflection Points

x-intercepts

y-intercepts


	· 3 is highest exponent



	How Are They Different With regard to?

	· 3 terms, lead term is positive


	Equations

Roots

Shape of Graphs

Behavior as 
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Inflection Points

x-intercepts

y-intercepts


	· 4 terms, lead term is negative

	Conclusions-


· Write nonlinear equations, their graphs, and their characteristics on different index cards. Ask students to match the groups of cards.

· Complete a FRAYER Model for different types of nonlinear equations, such as cubics. At the four corners of the model include verbal description, facts/characteristics, examples and non-examples. (See Literacy Across the Curriculum: Setting and Implementing Goals for grades 6 through 12, page 119.) Examples of Frayer Models specifically designed for mathematical terms can be seen at:
http://oame.on.ca/main/files/thinklit/FrayerModel.pdf 
Example to be completed by a student:

· Use the KWL literacy strategy to identify what students know, want to learn, and have learned about non-linear functions. (See Literacy Across the Curriculum: Setting and Implementing Goals for grades 6 through 12, page 105.)
· Create and play a non-linear jeopardy game.

· Have students create a poster presentation to explain even and odd functions, increasing and decreasing intervals, concavity, inflection points, and rational/irrational roots.

· Use CBL, CBRs, or other data collection tools to gather data to examine in the classroom. Ask students to determine an algebraic model and graph of the data. (Also addresses indicator 5.)
· Provide students with cardstock and ask them to create a box with maximum volume. 
· Ask students to find real-life scenarios that would be modeled by different types of nonlinear functions. For example, to examine the area that can be enclosed by a fence we must consider a linear and a squared relationship that would be modeled by a quadratic.
Sample Assessment Activities:

Standardized Test Items
The following items1 illustrate the type and level of questions that reflect the targeted skills for this indicator on standardized tests. Teachers can use these sample questions as models for developing additional standardized assessment questions for preparing students to demonstrate mastery of this indicator. Please note that items tend to be more contextual for some indicators than others. 

1. A function f is an odd function if and only if f (–x) = –f (x) for every value of x in the domain of f. One of the functions graphed in the standard (x,y) coordinate plane below is an odd function. Which one? (Preparing for the ACT booklet, Test 2, p. 33, question 59) 
[image: image109.emf]    
2. A function P is defined as follows: for x > 0, P(x) = x5 + x4 – 36x – 36
      for x < 0, P(x) = –x5 + x4 + 36x – 36
What is the value of P(–1) ? (Preparing for the ACT booklet, Test 2, p. 32, question 53)
A. –70

B. –36

C. 0

D. 36

E. 70

3. The equations of the 2 graphs shown below are y1(t) = a1 sin(b1t) and y2(t) = a2 cos(b2t), where the constants b1 and b2 are both positive real numbers. Which of the following statements is true of the constants a1 and a2 ? (Preparing for the ACT booklet, Test 2, p. 33, question 55)
A. 0 < a1 < a2

B. 0 < a2 < a1

C. a1 < 0 < a2

D. a1 < a2 < 0

E. a2 < a1 < 0 
The following is a rubric is a generic rubric for evaluating student projects
	Assessment Items
	No response

Pts
	Minimal Response
	Pts
	Acceptable Response
	Pts
	Excellent Response
	Pts

	Participation
	0
	· Did not participate in the class discussion and did not pay attention

· Contributed minimally to group discussions

· Watched others but did not complete hands-on parts of the activity

· Entered data into calculator  but did not participate in the results analysis 
	
	· Participated minimally in the class discussion but paid attention 

· Contributed to group discussion

· Completed hands-on parts of the activity 

· Entered data into calculator and participated in the results analysis


	
	· Participated fully in class discussion

· Contributed and facilitated a productive group discussion

· Participated in hands-on parts of the activity

· Entered data into calculator and participated in results analysis

· Acted as a peer mentor to others in group
	

	Calculations 
	0
	· Attempted to complete more than half of the calculations, but with errors.
· Attempted to answer more than half of the questions about the activity, but with errors.
· Did not attempt to complete any required graphing. 
	
	· Attempted to complete all of the calculations, but with errors.
· Attempted to answer all of the questions about the activity, but with errors.
· Attempted to complete required graphing, but with errors.
	
	· Attempted to complete all of the calculations with few errors.
· Attempted to answer all of the questions about the activity with few errors.
· Correctly completed the required graphing.
	

	Products – Reports, Projects or Presentations
	0
	· Handed in a product that is  disorganized, and /or incomplete not meeting standards with major revisions needed.
	
	· Handed in an organized, completed product, needing revisions but meeting minimum standards.
	
	· Handed in an organized, completed product exceeding minimum standards. Few, if any, revisions needed.
	

	Assessments
	0
	· Correctly answered at least 70% of assessment questions.
	
	· Correctly answered at least 80% of assessment questions.
	
	· Correctly answered 90% or more of assessment questions.
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