ABISI ADULT EDUCATION CENTER
[bookmark: _GoBack]ABE MATHEMATICS SCOPE AND SEQUENCE
Level Three-Unit One			  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Understanding the Number System
Amount of time for the unit: 	14 hours
Purpose of Unit: 	The purpose of this unit is to expand the students’ knowledge of rational numbers to include integers and negative fractions and decimals.  The concepts of absolute value and irrational numbers will be introduced in this unit. The use of the number line is important here as students will be asked to place values in their exact or approximate position on the number line.

Unit Goals and Outcomes-Students will be able to:
Represent situations which indicate positive and negative values by placing them on a number line.
Understand ordering and absolute value of rational numbers. 
Graph statements of inequalities on the number line.
Convert a rational number to a decimal using long division; knowing that the decimal form of a rational know terminates in 0 or eventually repeats. 
Know that there are numbers that are not rational and approximate them by rational numbers
Find and position pairs of integers and other rational numbers on a coordinate plane and use absolute value to find the distance between points. 

Priority Standards:
Understand that positive and negative numbers are used together to describe quantities having opposite directions or values (e.g., temperature above/below zero, elevation above/below sea level, credits/debits, positive/negative electric charge); use positive and negative numbers to represent quantities in real-world contexts, explaining the meaning of 0 in each situation. (6.NS.5)

Understand a rational number as a point on the number line. Extend number line diagrams and coordinate axes familiar from previous grades to represent points on the line and in the plane with negative number coordinates. (6.NS.6)   (NOTE: See page 70 for full text)

Understand ordering and absolute value of rational numbers. (6.NS.7)
Interpret statements of inequality as statements about the relative position of two numbers on a number line diagram. For example, interpret –3 > –7 as a statement that –3 is located to the right of –7 on a number line oriented from left to right. (6.NS.7a)

Write, interpret, and explain statements of order for rational numbers in real-world contexts. For example, write –3º C > –7º C to express the fact that –3º C is warmer than –7º C. (6.NS.7b)

Understand the absolute value of a rational number as its distance from 0 on the number line; interpret absolute value as magnitude for a positive or negative quantity in a real-world situation. For example, for an account balance of –30 dollars, write |–30| = 30 to describe the size of the debt in dollars. (6.NS.7c)

Distinguish comparisons of absolute value from statements about order. For example, recognize that an account balance less than –30 dollars represents a debt greater than 30 dollars. (6.NS.7d)

Solve real-world and mathematical problems by graphing points in all four quadrants of the coordinate plane. Include use of coordinates and absolute value to find distances between points with the same first coordinate or the same second coordinate. (6.NS.8)

Use rational approximations of irrational numbers to compare the size of irrational numbers, locate them approximately on a number line diagram, and estimate the value of expressions (e.g., π2). For example, by truncating the decimal expansion of √2, show that √2 is between 1 and 2, then between 1.4 and 1.5, and explain how to continue on to get better approximations. (8.NS.2)

Coherence:	
Recognize that in a multi-digit number, a digit in one place represents 10 times as much as it represents in the place to its right and 1/10 of what it represents in the place to its left. (5.NBT.1)

Read, write, and compare decimals to thousandths. (5.NBT.3)

•	Read and write decimals to thousandths using base-ten numerals, number names, and expanded form, e.g., 347.392 = 3 × 100 + 4 × 10 + 7 × 1 + 3 × (1/10) + 9 × (1/100) + 2 × (1/1000). (5.NBT.3a)

•	Compare two decimals to thousandths based on meanings of the digits in each place, using >, =, and < symbols to record the results of comparisons. (5.NBT.3b)

Compare two fractions with different numerators and different denominators, e.g., by creating common denominators or numerators, or by comparing to a benchmark fraction such as 1/2. Recognize that comparisons are valid only when the two fractions refer to the same whole. Record the results of comparisons with symbols >, =, or <, and justify the conclusions, e.g., by using a visual fraction model.
(4.NF.2)



Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.

Assessment of Priority Standards and Key Content:
	Represent situations which indicate positive and negative values by placing them on a number line.
	






	Understand ordering and absolute value of rational numbers. 
	




	Graph statements of inequalities on the number line.
	


	Convert a rational number to a decimal using long division; knowing that the decimal form of a rational know terminates in 0 or eventually repeats. 
	




	Know that there are numbers that are not rational and approximate them by rational numbers
	




 

	Find and position pairs of integers and other rational numbers on a coordinate plane and use absolute value to find the distance between points. 
	





	General Assessments
	






Main Texts and Tools of Instruction:
	The Math Assessment Project provides lesson plans with formative assessments
http://map.mathshell.org/download.php?fileid=1625
	


	http://map.mathshell.org/download.php?fileid=1710
	



https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
The GED Math Problem Solver, 2nd Edition Student Text, McGraw Hill Co., 2003
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ABE MATHEMATICS SCOPE AND SEQUENCE

Level Three-Unit Two			  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Operations in the Number System
Amount of time for the unit: 	14 hours
Purpose of Unit: 	The purpose of this unit is to expand the students’ knowledge of operations to include integers and negative fractions and decimals. In addition, real life problems and tasks will be presented with positive and negative values. 

Unit Goals and Outcomes-Students will be able to: 
Apply properties of numbers as strategies to add and subtract rational numbers. 
Apply properties of numbers as strategies to multiply and divide rational numbers. 
Solve multi-step real-life and mathematical problems posed with positive and negative numbers in any form.

Priority Standards:
Apply and extend previous understandings of addition and subtraction to add and subtract rational numbers; represent addition and subtraction on a horizontal or vertical number line diagram. (7.NS.1)

Describe situations in which opposite quantities combine to make 0. For example, if a check is written for the same amount as a deposit, made to the same checking account, the result is a zero increase or decrease in the account balance. (7.NS.1a)

Understand p + q as the number located a distance |q| from p, in the positive or negative direction depending on whether q is positive or negative. Show that a number and its opposite have a sum of 0 (are additive inverses). Interpret sums of rational numbers by describing real-world contexts. (7.NS.1b)

Understand subtraction of rational numbers as adding the additive inverse, p – q = p + (–q). Show that the distance between two rational numbers on the number line is the absolute value of their difference, and apply this principle in real-world contexts. (7.NS.1c)

Apply properties of operations as strategies to add and subtract rational numbers. (7.NS.1d) 

Apply and extend previous understandings of multiplication and division and of fractions to multiply
and divide rational numbers. (7.NS.2)

Understand that multiplication is extended from fractions to rational numbers by requiring that operations continue to satisfy the properties of operations, particularly the distributive property, leading to products such as (–1)(–1) = 1 and the rules for multiplying signed numbers. Interpret products of rational numbers by describing real-world contexts. (7.NS.2a)

Understand that integers can be divided, provided that the divisor is not zero, and every quotient of integers (with non-zero divisor) is a rational number. If p and q are integers, then–(p/q) = (–p)/q = p/(– q). Interpret quotients of rational numbers by describing real-world contexts. (7.NS.2b)
Apply properties of operations as strategies to multiply and divide rational numbers. (7.NS.2c)

Convert a rational number to a decimal using long division; know that the decimal form of a rational number terminates in 0s or eventually repeats. (7.NS.2d)

Solve real-world and mathematical problems involving the four operations with rational numbers. (7.NS.3)

Coherence:	
Compare two fractions with different numerators and different denominators, e.g., by creating common denominators or numerators, or by comparing to a benchmark fraction such as 1/2. Recognize that comparisons are valid only when the two fractions refer to the same whole. Record the results of comparisons with symbols >, =, or <, and justify the conclusions, e.g., by using a visual fraction model. (4.NF.2)

Compare two decimals to hundredths by reasoning about their size. Recognize that comparisons are valid only when the two decimals refer to the same whole. Record the results of comparisons with the symbols >, =, or <, and justify the conclusions, e.g., by using a visual model. (4.NF.7)

Perform all operations in word problems with whole numbers, mixed numbers, and mixed decimals.

Understand that positive and negative numbers are used together to describe quantities having opposite directions or values (e.g., temperature above/below zero, elevation above/below sea level, credits/debits, positive/negative electric charge); use positive and negative numbers to represent quantities in real-world contexts, explaining the meaning of 0 in each situation. (6.NS.5)

Understand a rational number as a point on the number line. Extend number line diagrams and coordinate axes familiar from previous grades to represent points on the line and in the plane with negative number coordinates. (6.NS.6)   (NOTE: See page 70 for full text)

Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.


Assessment of Priority Standards and Key Content:
	Apply properties of numbers as strategies to add and subtract rational numbers. 
	








	Apply properties of numbers as strategies to multiply and divide rational numbers. 
	




	Solve real world problems or tasks involving all four operations with rational numbers. 
	


	General Assessments
	










Main Texts and Tools of Instruction:
	The Math Assessment Project provides lesson plans with formative assessments
http://map.mathshell.org/download.php?fileid=1596
	



https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
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ABE MATHEMATICS SCOPE AND SEQUENCE
Level Three-Unit Three			  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Ratio, Proportion and Percent
Amount of time for the unit: 	12 hours
Purpose of Unit: 	The purpose of this unit is to expand on the concepts of ratio, proportion and percent presented in Level Two.  Percent applications will include interest, percent of increase or decrease and multi-step problems. Students will be able to connect these concepts to life skills such as mortgages, investments, and filling out tax forms. Proportionality will be connected with linearity.  The students will be able to represent the proportional relationship in a table, graph and/or equation. 

Unit Goals and Outcomes-Students will be able to:
Solve ratio and proportion problems with fractions and decimals.
Test to determine if two quantities are in a proportional relationship
Use multiple representations for proportional relationships
Use proportional relationships to solve percent problems

Priority Standards:

Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured in like or different units. For example, if a person walks 1/2 mile in each 1/4 hour, compute the unit rate as the complex fraction 1/2/1/4  miles per hour, equivalently 2 miles per hour. (7.RP.1)

Recognize and represent proportional relationships between quantities. (7.RP.2)

•	Decide whether two quantities are in a proportional relationship, e.g., by testing for equivalent ratios in a table or graphing on a coordinate plane and observing whether the graph is a straight line through the origin. (7.RP.2a)

•	Identify the constant of proportionality (unit rate) in tables, graphs, equations, diagrams, and verbal descriptions of proportional relationships. (7.RP.2b) [Also see 8.EE.5]

•	Represent proportional relationships by equations. For example, if total cost t is proportional to the number n of items purchased at a constant price p, the relationship between the total cost and the number of items can be expressed as t = pn. (7.RP.2c)

•	Explain what a point (x, y) on the graph of a proportional relationship means in terms of the situation, with special attention to the points (0, 0) and (1, r) where r is the unit rate. (7.RP.2d)

Use proportional relationships to solve multistep ratio and percent problems. Examples: simple interest, tax, markups and markdowns, gratuities and commissions, fees, percent increase and decrease, percent error. (7.RP.3) [Also see 7.G.1 and G.MG.2]
Coherence:	
Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For example, “The ratio of wings to beaks in the bird house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote candidate A received, candidate C received nearly three votes.” (6.RP.1)

Understand the concept of a unit rate a/b associated with a ratio a:b with b ≠ 0, and use rate language in the context of a ratio relationship. For example, “This recipe has a ratio of 3 cups of flour to 4 cups of sugar, so there is 3/4 cup of flour for each cup of sugar.” “We paid $75 for 15 hamburgers, which is a rate of $5 per hamburger.” (6.RP.2)

Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of equivalent ratios, tape diagrams, double number line diagrams, or equations. (6.RP.3)

Solve unit rate problems including those involving unit pricing and constant speed. For example, if it took 7 hours to mow 4 lawns, then at that rate, how many lawns could be mowed in 35 hours? At what rate were lawns being mowed? (6.RP.3b)

Find a percent of a quantity as a rate per 100 (e.g., 30% of a quantity means 30/100 times the quantity); solve problems involving finding the whole, given a part and the percent. (6.RP.3c)

Use ratio reasoning to convert measurement units; manipulate and transform units appropriately when multiplying or dividing quantities. (6.RP.3d)


Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.

Assessment of Priority Standards and Key Content:
	Solve ratio and proportion problems with fractions and decimals.
	




	Test to determine if two quantities are in a proportional relationship
	




	Use multiple representations for proportional relationships
	






	Use proportional relationships to solve percent problems
	








	Summative assessment
	





Main Texts and Tools of Instruction:
	The Math Assessment Project provides lesson plans with formative assessments
http://map.mathshell.org/download.php?fileid=1623
	


	This site has complete yearlong curriculum modules aligned to the standards. 
https://www.engageny.org/resource/grade-7-mathematics
Assesments above are taken from  Module 1, Lesson A Topic 2, 4, and 5

 
	Lesson 6 is a group activity calling for multiple representations






https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
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ABE MATHEMATICS SCOPE AND SEQUENCE
Level Three-Unit Four			  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Algebra: Expressions and Equations	
Amount of time for the unit: 	16 hours
Purpose of Unit: 	This unit will bring together many earlier skills and knowledge. It is based on the properties of numbers, order of operations, understanding of proportional relationships and solving equations and inequalities.  Modeling will be used in finding the application of algebraic expression to real world situations.

Unit Goals and Outcomes-Students will be able to:
Use properties of operations to generate equivalent expressions
Write and solve equations, and inequalities to represent problem situations and tasks
Solve multi-step problems posed with positive and negative rational numbers in any form.
Use square root and cube root symbols to represent solutions to equations
Use scientific notation to express very large quantities in multiplied by an integer power of 10.
Graph proportional relationships, interpreting the unit rate as the slope of the graph.
Represent and analyze quantitative relationships between dependent and independent variable.
Solve linear equations in one variable.

Priority Standards:
Apply properties of operations as strategies to add, subtract, factor, and expand linear expressions with rational coefficients. (7.EE.1)

Understand that rewriting an expression in different forms in a problem context can shed light on the problem and how the quantities in it are related. For example, a + 0.05a = 1.05a means that “increase by 5%” is the same as “multiply by 1.05.” (7.EE.2) [Also see A.SSE.2, A.SSE.3, A.SSE.3a, A.CED.4]

Solve multi-step real-life and mathematical problems posed with positive and negative rational numbers in any form (whole numbers, fractions, and decimals), using tools strategically. Apply properties of operations to calculate with numbers in any form; convert between forms as appropriate; and assess the reasonableness of answers using mental computation and estimation strategies. For example: If a woman making $25 an hour gets a 10% raise, she will make an additional 1/10 of her salary an hour, or $2.50, for a new salary of $27.50. If you want to place a towel bar 9 3/4 inches long in the center of a door that is 27 1/2 inches wide, you will need to place the bar about 9 inches from each edge; this estimate can be used as a check on the exact computation. (7.EE.3)

Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and inequalities to solve problems by reasoning about the quantities. (7.EE.4) [Also see A.CED.1 and A.REI.3]  NOTE: See page 73 for the full text.

Use square root and cube root symbols to represent solutions to equations of the form x2  = p and x3  = p, where p is a positive rational number. Evaluate square roots of small perfect squares and cube roots of small perfect cubes. Know that √2 is irrational. (8.EE.2) [Also see A.REI.2]

ABISI ADULT EDUCATION CENTER


Use numbers expressed in the form of a single digit times an integer power of 10 to estimate very large or very small quantities, and to express how many times as much one is than the other. For example, estimate the population of the United States as 3 × 108 and the population of the world as 7 × 109, and determine that the world population is more than 20 times larger. (8.EE.3)

Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables, and relate these to the equation. For example, in a problem involving motion at constant speed, list and graph ordered pairs of distances and times, and write the equation d = 65t to represent the relationship between distance and time. (6.EE.9)

Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two different proportional relationships represented in different ways. For example, compare a distance-time graph to a distance-time equation to determine which of two moving objects has greater speed. (8.EE.5)  [Also see 7.RP.2b]

Solve linear equations in one variable. (8.EE.7) [Also see A.REI.3]  NOTE: See page 74 for the full text.


Coherence:	
Write and evaluate numerical expressions involving whole-number exponents. (6.EE.1)

Write, read, and evaluate expressions in which letters stand for numbers. (6.EE.2)

Identify when two expressions are equivalent (i.e., when the two expressions name the same number regardless of which value is substituted into them). For example, the expressions y + y + y and 3y are equivalent because they name the same number regardless of which number y stands for. (6.EE.4 )

Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent an unknown number, or, depending on the purpose at hand, any number in a specified set. (6.EE.6)


Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.




Assessment of Priority Standards and Key Content:
	Use properties of operations to generate equivalent expressions
	




	Write and solve equations, and inequalities to represent problem situations and tasks
	



NOTE: Remove quadratic question



	Solve multi-step problems posed with positive and negative rational numbers in any form.
	






	Use square root and cube root symbols to represent solutions to equations
	




	Use scientific notation to express very large quantities in multiplied by an integer power of 10.
	




	Graph proportional relationships, interpreting the unit rate as the slope of the graph.
	













	Represent and analyze quantitative relationships between dependent and independent variable.
	




	Solve linear equations in one variable.
	








Main Texts and Tools of Instruction:
	The Math Assessment Project provides lesson plans with formative assessments
http://map.mathshell.org/download.php?fileid=1635
	


	http://map.mathshell.org/download.php?fileid=1629
	


	http://map.mathshell.org/download.php?fileid=1674
	


	This site has complete year-long curriculum modules aligned to the standards. 
https://www.engageny.org/resource/grade-7-mathematics
https://www.engageny.org/resource/grade-8-mathematics


https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
Pages 47- 51, 178-187 High School Equivalency Test Preparation: Mathematics, Paxen, 2014
ABE MATHEMATICS SCOPE AND SEQUENCE
Level Three-Unit Five			  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Algebra: Functions	
Amount of time for the unit: 	12 hours
Purpose of Unit: 	The purpose of this unit is to introduce the students to the function rule and represent it by the equation for a straight line.  They will expand on the use of slope, x and y-intercepts. Real life proportional situations will be defined by functions and graphs.

Unit Goals and Outcomes-Students will be able to:
Understand the function rule assigning each input to exactly one output
Interpret the equation for a straight line graph, y = mx +b.
Construct a function to model a linear relationship between two quantities 
Analyze the trend shown in a graph and distinguish between linear and non-linear.

Priority Standards:

Understand that a function is a rule that assigns to each input exactly one output. The graph of a function is the set of ordered pairs consisting of an input and the corresponding output.22  (8.F.1) [Also see F.IF.1]

Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line; give examples of functions that are not linear. For example, the function A = s2  giving the area of a square as a function of its side length is not linear because its graph contains the points (1,1), (2,4) and (3,9), which are not on a straight line. (8.F.3)

Construct a function to model a linear relationship between two quantities. Determine the rate of change and initial value of the function from a description of a relationship or from two (x, y) values, including reading these from a table or from a graph. Interpret the rate of change and initial value of a linear function in terms of the situation it models, and in terms of its graph or a table of values. (8.F.4) [Also see F.BF.1 and F.LE.5]

Describe qualitatively the functional relationship between two quantities by analyzing a graph (e.g., where the function is increasing or decreasing, linear or nonlinear). Sketch a graph that exhibits the qualitative features of a function that has been described verbally. (8.F.5) [Also see A.REI.10 and F.IF.7]

Coherence:	
Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two different proportional relationships represented in different ways. For example, compare a distance-time graph to a distance-time equation to determine which of two moving objects has greater speed. (8.EE.5)  [Also see 7.RP.2b]

Solve linear equations in one variable. (8.EE.7) [Also see A.REI.3]

Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.

Assessment of Priority Standards and Key Content:
	Understand the function rule assigning each input to exactly one output







	

 





	Interpret the equation for a straight line graph, y = mx +b.
	






	Construct a function to model a linear relationship between two quantities
	






	Analyze the trend shown in a graph and distinguish between linear and non-linear.
	














Main Texts and Tools of Instruction:
	The Math Assessment Project provides lesson plans with formative assessments
http://www.map.mathshell.org/download.php?fileid=1684
	


	http://www.map.mathshell.org/download.php?fileid=1682
	


	This site has complete year-long curriculum modules aligned to the standards. 
https://www.engageny.org/resource/grade-8-mathematics
Module 5 Topic A

	




https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
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ABE MATHEMATICS SCOPE AND SEQUENCE
Level Three-Unit Six			  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Geometry	
Amount of time for the unit: 	14 hours
Purpose of Unit: 	The material in this unit expands on earlier geometric concepts by drawing polygons on the coordinate plane and using nets to explore three-dimensional figures. Meanwhile new material such as circumference and area of a circle, volume of a cylinder, congruence, similarity and the Pythagorean Theorem are all introduced at this level.

Unit Goals and Outcomes-Students will be able to:
Understand concepts of angle and measure angles
Understand angle and line relationships
Represent three-dimensional figures using nets to find the surface area of these figures.
Understand congruency and identify correct rotations, translations and reflections of congruent geometric figures. 
Understand similarity in figures and apply it to situational problems
Solve real world and mathematical problems involving area, surface area, and volume.
Understand and apply the Pythagorean Theorem to sides’ lengths in a right triangle and finding the distance between two points on the coordinate axes.
Use the formulas for circumference and area of a circle to solve problems and tasks.
Graph points on the coordinate plane to solve real-world and mathematical problems

Priority Standards:
Know the formulas for the area and circumference of a circle and use them to solve problems; give an informal derivation of the relationship between the circumference and area of a circle. (7.G.4)

Use facts about supplementary, complementary, vertical, and adjacent angles in a multi-step problem to write and solve simple equations for an unknown angle in a figure. (7.G.5)

Represent three-dimensional figures using nets made up of rectangles and triangles, and use the nets to find the surface area of these figures. Apply these techniques in the context of solving real-world and mathematical problems. (6.G.4)

Solve real-world and mathematical problems involving area, volume and surface area of two- and three- dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. (7.G.6) [Also see G.GMD.3]

Understand that a two-dimensional figure is congruent to another if the second can be obtained from the first by a sequence of rotations, reflections, and translations; given two congruent figures, describe a sequence that exhibits the congruence between them. (8.G.2) [Also see G.SRT.5]



Understand that a two-dimensional figure is similar to another if the second can be obtained from the first by a sequence of rotations, reflections, translations, and dilations; given two similar two-dimensional figures, describe a sequence that exhibits the similarity between them. (8.G.4) [Also see G.SRT.5]

Use informal arguments to establish facts about the angle sum and exterior angle of triangles, about the angles created when parallel lines are cut by a transversal, and the angle-angle criterion for similarity of triangles. For example, arrange three copies of the same triangle so that the sum of the three angles appears to form a line, and give an argument in terms of transversals why this is so. (8.G.5)

Apply the Pythagorean Theorem to determine unknown side lengths in right triangles in real-world and mathematical problems in two and three dimensions. (8.G.7)

Apply the Pythagorean Theorem to find the distance between two points in a coordinate system. (8.G.8)

Coherence:	
Draw points, lines, line segments, rays, angles (right, acute, obtuse), and perpendicular and parallel lines. Identify these in two-dimensional figures. (4.G.1)

Find the area of right triangles, other triangles, special quadrilaterals, and polygons by composing into rectangles or decomposing into triangles and other shapes; apply these techniques in the context of solving real-world and mathematical problems. (6.G.1)

Draw polygons in the coordinate plane given coordinates for the vertices; use coordinates to find the length of a side joining points with the same first coordinate or the same second coordinate. Apply these techniques in the context of solving real-world and mathematical problems. (6.G.3)


Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.






Assessment of Priority Standards and Key Content:
	Understand concepts of angle and measure angles
	


	Understand angle and line relationships 
	








	Represent three-dimensional figures using nets to find the surface area of these figures.
	




	Understand congruency and identify correct rotations, translations and reflections of congruent geometric figures. 
	





	Understand similarity in figures and apply it to situational problems
	




	Solve real world and mathematical problems involving area, surface area, and volume.
	




	Understand and apply the Pythagorean Theorem to sides’ lengths in a right triangle and finding the distance between two points on the coordinate axes.
	









	Use the formulas for circumference and area of a circle to solve problems and tasks.
	






	Graph points on the coordinate plane to solve real-world and mathematical problems
	






Main Texts and Tools of Instruction:
	 Massachusetts Community College Workforce 
Development Transformation Agenda has developed contextualized modules for three key Industry Sectors—healthcare, advanced manufacturing and information technology.
http://mccwdta.etlo.org
Free log in is required.  
	






	Math Assessment Project
http://map.mathshell.org/lessons.php?unit=6310&collection=8
	


	http://map.mathshell.org/download.php?fileid=1584
	


	http://www.map.mathshell.org/download.php?fileid=1696
	


	EngageNY Lesson
https://www.engageny.org/resource/grade-7-mathematics-module-3-topic-c-lesson-16
	




https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
https://www.kutasoftware.com/freeige.html




ABE MATHEMATICS SCOPE AND SECQUENCE
Level Three-Unit Seven		  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Measurement	
Amount of time for the unit: 	14 hours
Purpose of Unit: 	The material in this unit expands on earlier geometric concepts by drawing polygons on the coordinate plane and using nets to explore three-dimensional figures. Meanwhile new material such as circumference and area of a circle, volume of a cylinder, congruence, similarity and the Pythagorean Theorem are all introduced at this level.

Unit Goals and Outcomes-Students will be able to:
Solve problems involving scale drawings of geometric figures
Become familiar with both the metric and British measurement systems.
Solve problems of elapsed time.
Convert like measurement units within a given measurement system 
Solve problems involving measurement.

Priority Standards:
Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different scale. (7.G.1) [Also see 7.RP.3]

Convert among different-sized standard measurement units within a given measurement system (e.g., convert 5 cm to 0.05 m), and use these conversions in solving multi-step, real world problems. (5.MD.1)

Use the four operations to solve word problems involving distances, intervals of time, liquid volumes, masses of objects, and money, including problems involving simple fractions or decimals, and problems that require expressing measurements given in a larger unit in terms of a smaller unit. Represent measurement quantities using diagrams such as number line diagrams that feature a measurement scale. (4.MD.2)

Coherence:
Tell and write time to the nearest minute and measure time intervals in minutes. Solve word problems involving addition and subtraction of time intervals in minutes, e.g., by representing the problem on a number line diagram. (3.MD.1)

Measure and estimate liquid volumes and masses of objects using standard units of grams (g), kilograms (kg), and liters (l).18  Add, subtract, multiply, or divide to solve one-step word problems involving masses or volumes that are given in the same units, e.g., by using drawings (such as a beaker with a measurement scale) to represent the problem.19  (3.MD.2)

Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.

Assessment of Priority Standards and Key Content:
	Solve problems involving scale drawings of geometric figures
	




	Become familiar with both the metric and British measurement systems.
	







	Solve problems of elapsed time and conversion of time to larger and smaller units. 
	








	Convert like measurement units within a given measurement system 

	







	Solve problems involving measurement.

	







Main Texts and Tools of Instruction:
	EngageNY Lesson
https://www.engageny.org/resource/grade-7-mathematics-module-4-topic-c-lesson-15

	





https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
https://www.kutasoftware.com/freeige.html
Pages 74 - 123 High School Equivalency Test Preparation: Mathematics, Paxen, 2014




ABE MATHEMATICS SCOPE AND SEQUENCE
Level Four-Unit Eight		  		GLE 7-8
Teachers:	Christina Cronin and Martha Mangan
Unit Title: 	Statistics and Probability
Amount of time for the unit: 	10 hours
Purpose of Unit: 	Based on earlier concepts of the measures of central tendency and types of graphs, this unit will develop concepts of statistical variability, summary statistics and distribution, and probability. Students will engage in sampling activities and make predictions based on their findings. They will investigate linear and non-linear relationships of bivariate data.

Unit Goals and Outcomes-Students will be able to:
Summarize numerical data sets in relation to their context.
Understand that statistics can be used to gain information about a population by examining a sample of the population
Understand that the probability of a chance event is a number between 0 and 1 that expresses the likelihood of the event occurring.
Represent sample spaces for compound events using methods such as organized lists, tables and tree diagrams.

. 
Priority Standards:
Summarize numerical data sets in relation to their context, such as by:
Reporting the number of observations.

b.   Describing the nature of the attribute under investigation, including how it was measured and its units of measurement.

c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered.

d.   Relating the choice of measures of center and variability to the shape of the data distribution and the context in which the data were gathered. (6.SP.5)

Understand that statistics can be used to gain information about a population by examining a sample of the population; generalizations about a population from a sample are valid only if the sample is representative of that population. Understand that random sampling tends to produce representative samples and support valid inferences. (7.SP.1)

Use data from a random sample to draw inferences about a population with an unknown characteristic of interest. Generate multiple samples (or simulated samples) of the same size to gauge the variation in estimates or predictions. For example, estimate the mean word length in a book by randomly sampling words from the book; predict the winner of a school election based on randomly sampled survey data. Gauge how far off the estimate or prediction might be. (7.SP.2)

Understand that the probability of a chance event is a number between 0 and 1 that expresses the likelihood of the event occurring. Larger numbers indicate greater likelihood. A probability near 0 indicates an unlikely event, a probability around 1/2 indicates an event that is neither unlikely nor likely, and a probability near 1 indicates a likely event. (7.SP.5)

Understand that, just as with simple events, the probability of a compound event is the fraction of outcomes in the sample space for which the compound event occurs. (7.SP.8a)

Represent sample spaces for compound events using methods such as organized lists, tables and tree diagrams. For an event described in everyday language (e.g., “rolling double sixes”), identify the outcomes in the sample space which compose the event. (7.SP.8b)

Coherence:	
Recognize a statistical question as one that anticipates variability in the data related to the question and accounts for it in the answers. For example, “How old am I?” is not a statistical question, but “How old are the students in my school?” is a statistical question because one anticipates variability in students’ ages. (6.SP.1)

Understand that a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, and overall shape. (6.SP.2)

Recognize that a measure of center for a numerical data set summarizes all of its values with a single number, while a measure of variation describes how its values vary with a single number. (6.SP.3)

Display numerical data in plots on a number line, including dot plots, histograms, and box plots. (6.SP.4)


Standards for Math Practice:
MP.1   Make sense of problems and persevere in solving them.
MP.2   Reason abstractly and quantitatively.
MP.3   Construct viable arguments and critique the reasoning of others. 
MP.4   Model with mathematics. 
MP.5   Use appropriate tools strategically. 
MP.6   Attend to precision. 
MP.7   Look for and make use of structure. 
MP.8   Look for and express regularity in repeated reasoning.







Assessment of Priority Standards and Key Content:
	Summarize numerical data sets in relation to their context.

	




	Understand that statistics can be used to gain information about a population by examining a sample of the population

	






	Understand that the probability of a chance event is a number between 0 and 1 that expresses the likelihood of the event occurring.

	









	Represent sample spaces for compound events using methods such as organized lists, tables and tree diagrams.
	




	Summative Assessment
	








Main Texts and Tools of Instruction:
	Math Assessment Project
http://www.map.mathshell.org/download.php?fileid=1704
	


	http://www.map.mathshell.org/download.php?fileid=1706
	


	http://www.map.mathshell.org/lessons.php?unit=6400&collection=8
	


	EngageNY Lesson
https://www.engageny.org/resource/grade-8-mathematics-module-6-topic-b-lesson-8
	




https://www.illustrativemathematics.org/
http://www.math-aids.com/
http://www.commoncoresheets.com/Values.php
Pages 126- 165 High School Equivalency Test Preparation: Mathematics, Paxen, 2014
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Resource Service. All rights reserved.


Aaron’s Designs


Aaron is drawing some designs for greetings cards.
He divides a grid into 4 quadrants and starts by drawing a shape in one quadrant.
He then reflects, rotates or translates the shape into the other three quadrants.


1. Finish Aaron’s first design by reflecting the
gray shape over the vertical line.


Then reflect both of the shapes over the
horizontal line.


This will make a design in all four quadrants.


2. To finish drawing Aaron’s second design,
rotate the gray shape 1/4 of a turn in a
clockwise direction about the origin.
Then draw the second shape.


Rotate the second shape 1/4 of a turn in a
clockwise direction about the origin.
Then draw the third shape.


Rotate the third shape 1/4 of a turn in a
clockwise direction about the origin.
Then draw the fourth shape.


This will make a design in all four quadrants.







Copyright © 2009 by Mathematics Assessment Page 2 Historic Bicycle
Resource Service. All rights reserved.


3. This is Aaron’s third design.


He started with one gray shape in the top left
hand quadrant of the grid and transformed it to
make the design.


Describe the transformations that Aaron may have used to draw this design.


_________________________________________________________________________


_________________________________________________________________________


_________________________________________________________________________


_________________________________________________________________________


_________________________________________________________________________
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Aaron’s Designs Rubric


points
section
points


1. Draws all 3 reflections correctly.


Partial credit:
Draws 2 correct reflections.
Draws 1 correct reflection.


3


(2)
(1)


3
2. Draws all 3 rotations correctly.


Partial credit:
Draws 2 correct rotations.
Draws 1 correct rotation.


3


(2)
(1)


3
3. Gives a correct description such as:


Reflects the shape over the vertical line.
Then translates the 2 shapes
down 4 squares.


4x1


4
 Total Points 10
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8.G Similar Triangles I


Task


The two triangles pictured below have three pairs of congruent angles:


    


Are these two triangles similar?


IM Commentary


The goal of this task is to prepare students for the angle-angle criterion for triangle
similarity. Since the sum of the three angles in a triangle is always 180 degrees, having
two pairs of congruent corresponding angles in two triangles tells us that the third pair
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of corresponding angles is also congruent. For this reason, the AAA criterion for
similarity which is presented in this task is often simplified to the AA criterion for
similarity. But establishing the fact that the sum of the interior angles in a triangle is
180 degrees also belongs in the eighth grade, under the same 8.G.A.5 standard. Hence
it may be helpful for students to have the extra information of all three pairs of
congruent angles so that they can focus entirely on the transformations that are
needed to map one triangle to the other.  After working on this task, students should
be ready to establish the AA criterion for triangle similarity, as presented
in https://www.illustrativemathematics.org/content-standards/tasks/2042.


The fact that no side lengths are given means that students can not assign a numerical
value to the scale factor relating the two similar triangles. It would be valuable for
students to use dynamic software to model the transformations in the task. Without
coordinates for the points, it will be difficult to determine the scale factor but students
can still experiment and the software may be able to provide information about
segment lengths, allowing students to calculate the scale factor explicitly.  Alternatively,
this task might provide a good opportunity to have students start transitioning to more
formal arguments, having them use the more precise (and abstract) value of the ratio
of corresponding side lengths of the given triangles. 


Solution


Two triangles are similar when there is a sequence of translations, rotations,
reflections, and/or dilations which maps one triangle to the other. These two triangles
are similar. To see this, we can first move triangle  to match up the 41 degree
angles at  and : this can be accomplished by translating  to  and then using a
rotation about  of 180 degrees clockwise or counterclockwise. This effect of these
transformations is pictured below with the image of  denoted :


   


PQR
A P P A


A
△PQR △P′Q′R′
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https://www.illustrativemathematics.org/content-standards/tasks/2042





Next we can dilation  about . If we choose a scale factor of  this will


keep  fixed and will map  to . We know that this dilation maps  to . Since


dilation preserves angles, this dilation also map  to  and  to . Using rigid
motions and a dilation we have mapped  to  which means they are
similar.


8.G Similar Triangles I 
Typeset July 15, 2015 at 04:08:50. Licensed by Illustrative Mathematics under a 
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.


△P′Q′R′ A |AB|
∣∣P′ Q′∣∣


A Q′ B Q′ B
R′ C R′Q′⎯ ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯


CB
⎯ ⎯⎯⎯⎯⎯⎯⎯


△P′Q′R′ △ABC
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http://creativecommons.org/licenses/by-nc-sa/4.0/

https://www.illustrativemathematics.org/content-standards/tasks/2105

https://www.illustrativemathematics.org/

http://creativecommons.org/licenses/by-nc-sa/4.0/
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Kuta Software - Infinite Geometry Name___________________________________


  Period____Date________________Proportional Parts in Triangles and Parallel Lines


Find the missing length indicated.


1)  


15


?


4


14


2)  


25


?


15


24


3)  


? 18


20


8


4)  


15


? 2


12


     


Solve for 


     


x.


5)  


5


  


x


45


20


36


6)  


 


3


  


x − 5


10


8


28


Find the missing length indicated.


7)  


25


?


15


6


8)  


?


77


30


25


          


-1-
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9)  


?


22


5


11


10)  


?


28


8


16


     


Solve for 


     


x.


11)  


22


 


7 + 14


  


x


25


35


12)  


 


2


  


x − 10


9


4


10


Find the missing length indicated.


13)  


?


36


15


30


14)  


12 ?


814


15)  


48
39


24


30


16)  


28


?


7
20


     


Solve for 


     


x.


17)  


21


24
10


 


2


  


x − 5


18)  


   


x − 1


12


5


6


-2-
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Kuta Software - Infinite Geometry Name___________________________________


  Period____Date________________Proportional Parts in Triangles and Parallel Lines


Find the missing length indicated.


1)  


15


?


4


14


6 2)  


25


?


15


24


40


3)  


? 18


20


8


45 4)  


15


? 2


12


3


     


Solve for 


     


x.


5)  


5


  


x


45


20


36


5 6)  


 


3


  


x − 5


10


8


28


10


Find the missing length indicated.


7)  


25


?


15


6


10


8)  


?


77


30


25


42


          


-1-
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9)  


?


22


5


11


12 10)  


?


28


8


16


14


     


Solve for 


     


x.


11)  


22


 


7 + 14


  


x


25


35


5 12)  


 


2


  


x − 10


9


4


10


8


Find the missing length indicated.


13)  


?


36


15


30


42 14)  


12 ?


814


9


15)  


48
39


24


30


15 16)  


28


?


7
20


12


     


Solve for 


     


x.


17)  


21


24
10


 


2


  


x − 5


10


18)  


   


x − 1


12


5


6


11


-2-


Create your own worksheets like this one with Infinite Geometry.  Free trial available at KutaSoftware.com
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7.RP and 7.G Sand Under the
Swing Set


Task


The 7th graders at Sunview Middle School were helping to renovate a playground for
the kindergartners at a nearby elementary school. City regulations require that the
sand underneath the swings be at least 15 inches deep. The sand under both swing
sets was only 12 inches deep when they started.


The rectangular area under the small swing set measures 9 feet by 12 feet and
required 40 bags of sand to increase the depth by 3 inches. How many bags of sand
will the students need to cover the rectangular area under the large swing set if it is 1.5
times as long and 1.5 times as wide as the area under the small swing set?


IM Commentary


The purpose of this task is for students to solve a contextual problem where there are
multiple entry points to this geometry based concept. The student can choose to solve
the problem using a scale factor or a unit rate, but must first must analyze the context
of the problem to understand the situation and choose their approach. This task
provides opportunities for students to reason about their computations to see if they
make sense.  This task could be used as an assessment question or for guided
instruction on scale factoring and/or unit rate. 


The Standards for Mathematical Practice focus on the nature of the learning
experiences by attending to the thinking processes and habits of mind that students
need to develop in order to attain a deep and flexible understanding of mathematics.
Certain tasks lend themselves to the demonstration of specific practices by students.
The practices that are observable during exploration of a task depend on how


1
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instruction unfolds in the classroom. While it is possible that tasks may be connected to
several practices, the commentary will spotlight one practice connection in depth.
Possible secondary practice connections may be discussed but not in the same degree
of detail.


This task helps illustrate Mathematical Practice 1, “Make sense of problems and
persevere in solving them.” Students must read the problem carefully and analyze the
givens, constraints, relationships, and goals while continuously verifying if the answers
make sense based on their initial analysis. In the task at hand, students explain to
themselves the meaning of the problem, look for entry points to begin their work on
the problem, and select a solution pathway. If they can’t make sense of a problem, they
ask themselves questions that will help them get started such as, “What do we know?”
“How might I organize the information?” “How will I use the information about the area
under the small swing set and the number of sand bags required for the small swing
set to help me find how many bags are needed for the large swing set?” “What
operation(s) will I use to solve this problem?”  Once students have a solution, they look
back at the problem to determine if their answer is reasonable and accurate. They
might check their answer using a different approach.


This task could be used as a formative assessment by giving it in a pre-post situation
prior to beginning a geometry or ratio/proportion unit to see which solution methods
the students use most often to solve the problem. After formal instruction, the task
could be posed again to see if the student’s solution method has changed or improved
based on new understanding.


Solutions


Solution: Finding the scale factor the hard way


3 inches is  foot, so the volume of sand that was used is


cubic feet. The amount of sand needed for an area that is 1.5 times as long and 1.5
times as wide would be


cubic feet.


= 0.251
4


0.25 × 9 × 12 = 27


0.25 × (1.5 ⋅ 9) × (1.5 ⋅ ×12) = 60.75


2
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We know that 40 bags covers 27 cubic feet. Since the amount of sand for the large
swing set is


times as large, they will need 2.25 times as many bags. Since , they will
need 90 bags of sand for the large swing set.


Solution: Finding the scale factor the easy way


Since we have to multiply both the length and the width by 1.5, the area that needs to
be covered is


times as large. Since the depth of sand is the same, the amount of sand needed for the
large swing set is 2.25 times as much as is needed for the small swing set, and they will
need 2.25 times as many bags. Since , they will need 90 bags of sand
for the large swing set.


Solution: Using a unit rate


The area they cover under the small swing set is  square feet. Since the
depth is the same everywhere, and we know that 40 bags covers 108 square feet, they
can cover  square feet per bag.


The area they need to cover under the large swing set is


times as big as the area under the small swing set, which is


square feet. If we divide the number of square feet we need to cover by the area
covered per bag, we will get the total number of bags we need:


So they will need 90 bags of sand for the large swing set.


Solution: The other unit rate


60.75 ÷ 27 = 2.25


2.25 × 40 = 90


= 2.251.52


2.25 × 40 = 90


9 × 12 = 108


108 ÷ 40 = 2.7


= 2.251.52


2.25 × 108 = 243


243 ÷ 2.7 = 90


3
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The area they cover under the small swing set is  square feet. Since the
depth is the same everywhere, and we know that 40 bags covers 108 square feet, they
can cover  bags per square foot.


The area they need to cover under the large swing set is


times as big as the area under the small swing set, which is


square feet. If we multiply the number of square feet they need to cover by the
number of bags needed per square foot, we will get the total number of bags we need:


So they will need 90 bags of sand for the large swing set.


7.RP and 7.G Sand Under the Swing Set 
Typeset September 17, 2015 at 13:13:37. Licensed by Illustrative Mathematics under a 
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License .


9 × 12 = 108


40 ÷ 108 = 10
27


( =3
2 )2 9


4


× 108 = 2439
4


243 × = 9010
27


4
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http://creativecommons.org/licenses/by-nc-sa/4.0/

https://www.illustrativemathematics.org/content-standards/tasks/266

https://www.illustrativemathematics.org/
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7.G Stained Glass


Task


The students in Mr. Rivera's art class are designing a stained-glass window to hang in
the school entryway. The window will be 2 feet tall and 5 feet wide. They have drawn
the design below:


They have raised $100 for the materials for the project. The colored glass costs $5 per
square foot and the clear glass costs $3 per square foot. The materials they need to
join the pieces of glass together costs 10 cents per foot and the frame costs $4 per
foot.


Do they have enough money to cover the costs of the materials they will need to make
the window?


IM Commentary


1
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The purpose of this task is for students to find the area and perimeter of geometric
figures whose boundaries are segments and fractions of circles and to combine that
information to calculate the cost of a project. The shape of the regions in the stained
glass window are left purposefully unspecified, as one component skill of modeling with
mathematics (MP4) is for students to make simplifying assumptions themselves. Given
the precision needed for these estimates, assuming the curves in the design are arcs of
a circle is not only reasonable, it is the most expedient assumption to make as well.
What is important is that students recognize they are making this assumption and are
explicit about it.


The question of whether the students have to pay for the scraps of glass left over from
cutting out the shapes can be dealt with in different ways. In reality, if they had to buy
the glass at a store, the glass would likely come in square or rectangular sheets and
they would need to buy more than they were going to use. But exactly how much extra
material they would have to buy depends on how the raw materials are sold, so
without additional information, it would be hard to determine that without doing some
research into how stained glass is sold. Alternatively, the art teacher might already
have the materials and just wants his students to stay within a certain budget for the
materials they use, knowing that the scraps can be used for future student projects. In
any case, this task can provide the springboard for a good classroom discussion around
issues that students need to think about when modeling with mathematics.


Solution


There are many ways to do this. Here is one:


Assume that the students only have to pay for the glass they use and not the scraps
that they would cut away. That means we need to figure out the area of the colored
glass and the area of the clear glass as well as the total length of the seams between
the panels of glass.


First, we need to find the area of the clear glass and the area of the colored glass.


The entire rectangle is 2 feet by 5 feet. Assuming that the curves are all parts of a circle
with a 1 foot diameter, there are five 1 by 2 foot rectangles with either 4 half-circles or 2
half circles and 4 quarter circles of clear glass. That means there are 2 full circles of
clear glass in each 1 by 2 foot rectangle. Thus, there are 10 complete circles of clear
glass, each with a 1 foot diameter (or a  foot radius). Then area of the entire window is1


2


2
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10 square feet, and the area of the clear glass is


or approximately 7.9 square feet. That means the area of colored glass is
approximately 10 - 7.9 = 2.1 square feet.


Now we need to find the total length of the "seams" between the pieces of glass.


Again, there are 10 circles. Their total circumference is


which is about 31.4 feet. There are also four 2-foot straight "seams." So all together
there are about 39.4 feet of "seams."


The frame is 2+2+5+5 = 14 feet.


The cost for the clear glass is  dollars.


The cost for the colored glass is  dollars.


The cost for the materials for the seams is  dollars.


The cost of the frame is  dollars.


The total cost of the materials is  dollars. So if these
assumptions are accurate, they have just enough money to buy the materials. If they
need to pay for the scraps or if they break pieces as they go, they don't have much
wiggle room.


7.G Stained Glass 
Typeset September 17, 2015 at 14:27:29. Licensed by Illustrative Mathematics under a 
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10 × π( = π
1
2 )2 5


2


10 × π × 1


7.9 × 3 = 23.70


2.1 × 5 = 10.50


39.4 × 0.10 = 3.94


14 × 4 = 56


23.70 + 10.50 + 3.94 + 56 ≈ 94


3


Illustrative 
Mathematics



http://creativecommons.org/licenses/by-nc-sa/4.0/

https://www.illustrativemathematics.org/content-standards/tasks/1513

https://www.illustrativemathematics.org/

http://creativecommons.org/licenses/by-nc-sa/4.0/deed.en_US





4


Illustrative 
Mathematics





		7.G Stained Glass

		Task

		IM Commentary

		Solution






image108.emf
janes_tv_task   Pythag.pdf


janes_tv_task   Pythag.pdf


Copyright © 2009 by Mathematics Assessment Page 2 Historic Bicycle
Resource Service. All rights reserved.


Jane’s T.V.


Jane is hoping to buy a large new television for her den, but she
isn’t sure what size screen will be suitable for her wall.
This is because television screens are measured by their diagonal line.


This 42 inch screen measures 32 inches along the base.


1. What is the height of the screen ?      ___________


    Show how you know.


2. What is the area of the screen?         ______________square inches


3. Jane would like to have a screen 40 inches wide and 32 inches high.
    About what screen size will she need to buy?      ____________inches
    Show how you figured this out


42


32
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Jane’s T.V. Rubric


points
section
points


1.  Gives correct answer: Height of screen is 27.2 inches accept √740


Shows work such as:
422 = 322+h2


 1764 = 1024 + height squared
Height squared = 740


Height = 27.2 inches approx 27 inches
All correct working.


Partially correct work.


2


3


(1)
5


2. Gives correct answer: 32 x 27.2 = 870.5 square inches 1 ft
1ft


3. Gives correct answer: 51 inches
Shows work such as:


S2 = 402+322 = 1600 + 1024
S = square root of 2624


= 51.2 approximately 51 inches


2


2
4


Total Points 10
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8.G.7 Running on the Football
Field


Task


During the 2005 Divisional Playoff game between The Denver Broncos and The New
England Patriots, Bronco player Champ Bailey intercepted Tom Brady around the goal
line (see the circled B). He ran the ball nearly all the way to other goal line. Ben Watson
of the New England Patriots (see the circled W) chased after Champ and tracked him
down just before the other goal line.


In the image below, each hash mark is equal to one yard: note too the the field is 
yards wide.


a. How can you use the diagram and the Pythagorean Theorem to find approximately
how many yards Ben Watson ran to track down Champ Bailey?


53 1
3
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b. Use the Pythagorean Theorem to find approximately how many yards Watson ran in
this play.


c. Which player ran further during this play? By approximately how many more yards?


IM Commentary


Students need to reason as to how they can use the Pythagorean Theorem to find the
distance ran by Ben Watson and Champ Bailey. The focus here should not be on who
ran a greater distance, but on seeing how you can set up right triangles to apply the
Pythagorean Theorem to this problem. Students must use their measurement skills
and make reasonable estimates to set up the triangle and correctly apply the Theorem.
According to our estimations and provided solutions both players ran about the same
distance: we have used the tick marks on the football field to estimate these vertical
and horizontal distances to the nearest yard.


Teachers should be prepared to help students with these estimations, particularly for
Ben Watson. Careful counting of the small hashmarks running along the back of the
end zone is one way to estimate how far he has run across the field. Another method
would be to measure this distance with small ticks on a piece of paper and then line
this paper up with the well marked yard lines on the football field. From the
mathematical point of view, it is interesting to note that a few yards more or less in this
direction have relatively little impact on the final result and this will hopefully come out
as students will make different estimates. The students are likely to make slightly
different estimations than those provided in the solution: this in turn will result in one
player running a slightly greater distance than the other. If this happens, the teacher
should engage the students in a discussion explaining their estimates and solution
methods.


Students may engage in many of the CCSS standards for mathematical practices while
working on this task. Consider giving students time either individually or in pairs to
start the problem on their, initially with little guidance. By doing so you are allowing
students the opportunity to engage in math practice one: “make sense of problems
and persevere in solving them.” When students realize they can solve the problem by
modeling with right triangles in order to apply the Pythagorean Theorem they are
engaging in math practice number four: “model with mathematics.” There is a small
range of lengths that could have been run by each player. This leaves the door open for
a few different possible solutions. Consider allowing students to communicate their
process and solutions. Doing so will engage students in math practice three: “construct
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viable arguments and critique the reasoning of others.”


A video of the play is shown below, clearly showing Champ Bailey making the
interception in the end-zone. It is unfortunately not possible to see Ben Watson in the
television coverage which can be seen in the link below (note: the YouTube videos get
put up and taken down on a regular basis so please let us know if this link is no longer
active):


www.youtube.com/watch?v=6VKUSgHPm4E


Many professional athletes (football players, soccer players, and tennis players for
example) must develop a very fine sense of geometry in order to know when and
where to meet the ball (or opposing player in this case). This comes through
experience. In this case, if Ben Watson had aimed to catch Champ Bailey at the 50 yard
line he would have failed and Bailey would have scored a touchdown. The teacher may
wish to have students make calculations for this case as well to see how much further
Ben Watson would have to run (compared to Champ Bailey) if they were to meet at the
50 yard line.


Solution


a. The triangle formed by Watson’s run, the sideline and the perpendicular line from
Watson to the sideline, make a right triangle. You could use the Pythagorean Theorem
to find out approximately how far Watson ran. You would have to estimate how much
of the 160 feet (53 1/3 yard) width of the field represented his vertical starting point.
You can get a good estimate using the marks going along the end zone.


b. Looking at Ben Watson's position on the football field, it appears as if he has run
between 90 and 92 yards up the field in order to reach Champ Bailey at the one yard
line. Counting the number of hashmarks at the back of the end zone between Ben
Watson's position and the top of the end zone, there appear to be between 9 and 12.
Disregarding the  of a yard in the football field width (because Champ Bailey was
within the field when Watson tackled him), this means that Watson ran between 53-
12=41 and 53-9= 44 yards across the field. We can now apply the Pythagorean theorem
to estimate how far Ben Watson has run: the straight line path from Watson to the one
yard line where he meets Bailey is the hypotenuse while the two legs are a vertical line
going from Watson's initial position down to the side line where he meets Bailey and a
horizontal line going all the way up the sideline where Bailey ran. For our lower end
estimate for the distance Watson has run, these legs are 41 yards and 90 yards


1
3
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respectively. Applying the Pythagorean theorem gives


Using these lengths Watson’s run distance would be approximately 99 yards or about
297 feet.


Applying this same reasoning to obtain a high end reasonable estimate for the right
triangle that models Watson’s run, we get a right triangle with legs of  yards and 
yards. This gives the following equation for Watson's run:


Using these lengths Watson’s run distance would be approximately 102 yards or about
306 feet. So a reasonable estimate for the distance of Watson’s run would be between
99 and 102 yards or 297 and 306 feet.


c. The same process can be applied to find out how far Bailey has run though here the
ambiguity in how far Bailey has run across the field is far less because he starts off very
close to the sideline. Champ Bailey started from inside the Bronco’s end zone and ran
to the Patriot’s 1-yard line. According to the picture, Bailey started from roughly one to
three yards behind the goal line in the end zone. He also started about three or four
yards from the sideline. Just as we did for Ben Watson, we can create a right triangle
and use the hypotenuse to model Bailey’s run: the legs for the run are the short line
from Bailey's position in the end zone to the sideline and the long line all the way up
the field to the one yard line where he is tackled. For a low end estimate for the length
of this hypotenuse we use legs of lengths 3 yards and 100 yards respectively:


Using these lengths Bailey’s run distance would be approximately 100 yards or 300 feet.


On the high end a good estimate for the length of the hypotenuse that models Bailey’s


(90 yards + (41 yards)2 )2


8, 100 + 1, 681 yards2  yards2


9781 yards2


= (run distance)2


= (run distance)2


= (run distance)2


44 92


(92 yards + (44 yards)2 )2


8, 464 + 1, 936 yards2  yards2


10, 400 yards2


= (run distance)2


= (run distance)2


= (run distance)2


(100 yards + (3 yards)2 )2


10, 000 + 9 yards2  yards2


10, 009 yards2


= (interception run distance)2


= (interception run distance)2


= (interception run distance)2
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run would be:


Using these lengths Bailey’s run distance would be approximately 102 yards or 306 feet.
So our estimates show that Bailey ran between 100 and 102 yards.


The range in possible run lengths for each player is similar. Both players ran roughly
the same distance give or take a yard. Depending on how each student measures or
estimates the lengths of the triangle it is possible that they might find that Watson ran
a greater distance, that Bailey ran a greater distance or that they ran the same
distance. The focus here should be on the process of modeling the problem with right
triangles, how we came to the lengths of the right triangles, how we computed the
distances as well as communicating and critiquing the reasoning of others.


It is interesting to note that although we have applied the same technique to estimate
the distance each player has run, the range of values is only two yards for Bailey while
it is three for Watson. This is because Bailey is so close to the sideline that the estimate
for this distance does not influence the overall estimate for how far he has run. For
Watson, the estimates for both the horizontal and the vertical distance impact the
overall estimate for how far he has run.


8.G.7 Running on the Football Field 
is licensed by Illustrative Mathematics under a 
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(102 yards + (4 yards)2 )2


10, 404 + 16 yards2  yards2


10, 420 yards2


= (interception run distance)2


= (interception run distance)2


= (interception run distance)2
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8.G, G-SRT Points from
Directions


Task


Point  is due east of point . Point  is due north of point . The distance between
points  and  is  meters, and . Point  is 20 meters due north of
point . The distance  is between which two integers?


IM Commentary


This task provides a slightly more involved use of similarity, requiring students to
translate the given directions into an accurate picture, and persevere in solving a multi-
step problem: They must calculate segment lengths, requiring the use of the
Pythagorean theorem, and either know or derive trigonometric properties of isosceles
right triangles (with the distinction between these two cases dictating its level of
appropriateness for an 8th grade or high school task, and possibly the extent to which
the task is appropriate for assessment).


This task was adapted from problem #12 on the 2012 American Mathematics
Competition (AMC) 10B Test. For the 2012 AMC 10B, which was taken by 35,086
students, the multiple choice answers for the problem had the following distribution:


Choice Answer Percentage of Answers


(A) 30 and 31 8.76


(B)* 31 and 32 55.82


B A C B
A C 10 2‾√ ∠BAC = 45∘ D


C |AD|
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(C) 32 and 33 5.29


(D) 33 and 34 5.24


(E) 34 and 35 3.32


Omit -- 21.55


Of the 35,086 students: 17,169, or 49%, were in 10th grade; 9,928 or 28%, were in 9th
grade; and the remainder were below 9th grade.


Solutions


Solution: 1 Pythagorean Theorem


The information from the problem statement is shown in the picture below:
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We know that  and . Since the sum of angles in a
triangle is  we can conclude that . This means that  is
isosceles with . To find these lengths, we can use the Pythagorean theorem:


Substituting  and  this equation becomes


Solving this we find  and so  as well.


We have  and we can apply the Pythagorean
theorem a second time, to the right triangle , to calculate the length of its
hypotenuse :


m(∠BAC) = 45 m(∠ABC) = 90
180∘ m(∠BCA) = 45 △ABC


|AB| = |BC|


|AB + |BC = |AC .|2 |2 |2


|AB| = |BC| |AC| = 10 2‾√


2|BC = (10 = 200.|2 2‾√ )2


|BC| = 10 |AC| = 10


|BD| = |BC| + |CD| = 10 + 20 = 30
ABD


|AD|


|AD 2 = |AB + |BD2 2
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<\div>


We have that  and  so this means that .


Solution: 2 Similar Triangles


The information from the problem statement is shown in the picture below:


We are given that  is due north of  and  is due east of  so angle  is a right
angle. We are also given that angle  is a  angle. Since the sum of the angles in 


 is  this means that . In particular  is a right
isosceles triangle. One right isosceles triangle has leg lengths of  and hypotenuse .


|AD|2 = |AB + |BD|2 |2


= +102 302


= 1000


= 961312 = 1024322 31 < |AD| < 32


D C A B ABD
BAC 45∘


△ABC 180∘ m(∠BCA) = 45 △ABC
1 2‾√


△ABC
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All right isosceles triangles are similar and since the hypotenuse of  measures 
 this means that the scale factor between the  right isosceles triangle


and  must be . So . We have


We know  is a right triangle so the Pythagorean Theorem gives


<\div>


We have  and  so .


8.G, G-SRT Points from Directions 
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△ABC
10 × 2‾√ (1, 1, )2‾√


△ABC 10 |AB| = |BC| = 10 × 1 = 10


|BD| = |BC| + |CD| = 10 + 20 = 30.


△ABD


|AD| |AB + |BD|2 |2‾ ‾‾‾‾‾‾‾‾‾‾‾√
= +102 302‾ ‾‾‾‾‾‾‾‾√
= .1000‾ ‾‾‾‾√


= 961312 = 1024322 31 < |AD| < 32
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How Fast Should it Spin?


Industry Sector: 
Advanced Manufacturing [2]


Content Area: 
Mathematics [3]


Core Topic: 
Units [4]


Expand All | Collapse All


Common Core State Standards


HSN-Q.A.1 Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and the origin
in graphs and data displays.


HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive
modeling.


HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on
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measurement when reporting quantities.


Adult Basic Education Standards


Number Sense


Standard N-1: Represent and use numbers in a variety of equivalent forms
in contextual situations


Standard N-2: Understand meanings of operations and how they relate to
one another


Standard N-3: Compute fluently and make reasonable estimates


Patterns and Functions in Algebra


Standard P-2: Articulate and represent number and data relationships using
words, tables, graphs, rules, and equations


Standard P-3: Recognize and use algebraic symbols to model mathematical
and contextual situations


Geometry and Measurement


Standard G-1: Use and apply geometric properties and relationships to
describe the physical world and identify and analyze the characteristics of
geometric figures.


Standard G-4: Understand measurable attributes of objects and the units,
systems, and processes of measurement and apply appropriate techniques,
tools, and formulas to determine measurements.


Industry Overview


Today’s Manufacturing Workplace


A manufacturing renaissance is occurring in the United States. The United
States is the largest manufacturing economy in the world, producing 21
percent of the goods manufactured across the globe. In addition to the 12
million Americans working directly in the manufacturing industry,
manufacturing supports more than 6.5 million other jobs, thus accounting for
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nearly 17 percent of all private sector jobs in the United States. In 2010, the
average U.S. manufacturing worker earned $77,186, including pay and
benefits [5] (the average in all industries was $56,436).1


While manufacturing jobs in Massachusetts have declined, as they have
nationally, manufacturing is still a critical industry in this state and provides
opportunities for good, high-paying jobs. In the Greater Boston area, most of
the manufacturing jobs are in computer and electronics companies, and
much of the state relies on manufacturing positions in these and other very
high-tech areas, such as aerospace and biotechnology.2


Advanced manufacturing involves the use of computers and technology in
the manufacture [6] of products. While not all manufacturing companies use
technological innovations in developing their products or processes, the
competitive advantage of the United States in the manufacture [6] of goods
relies on technological innovations. This means that today’s manufacturing
workplace is usually highly technical, which accounts for the high-paying
positions many workers in this field receive in compensation for their work. It
also means that today’s advanced manufacturing workplace is very different
from many people’s conceptions of factories and mills as dark, dirty, and
unsafe. Today’s advanced manufacturing facilities are usually bright, clean,
and very safe, and the emphasis is on working efficiently—with as little
waste as possible.


In the advanced manufacturing industry, there has been a marked shift [7]


from the traditional role of line workers [8] to workers who demonstrate
creativity and innovation. Innovation is a hallmark of the U.S. manufacturing
industry, and key to maintaining its position in the global market since
products can often be produced at a lower cost in developing countries.
Critical-thinking, problem solving and reasoning are important components
of the innovation process. Today’s manufacturing workers are expected to
formulate solutions to problems using critical thinking and reasoning skills
while working independently and/or in teams.


http://www.nam.org/~/media
/AF4039988F9241C09218152A709CD06D.ashx [9]


1. 


http://www.bostonglobe.com/business/2012/05/08/high-end-factory-
jobs-boston-paying-high-wages/3gZuNc6GywDGKoYNP2hnaO
/story.html?camp=pm [10]


2. 
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Careers in Advanced Manufacturing


The manufacturing sector includes jobs related to planning, managing, and
performing the processing of materials into intermediate or final products
and related activities such as production planning and control, maintenance,
and engineering. Thus, this industry includes not only those people who
actually produce the manufactured goods, but also managers, maintenance
staff, scientists and researchers, analysts, administrative personnel, and IT
personnel.


Career Pathways


The manufacturing industry includes six career pathways:


Production is the construction and assembly of parts and final
products. People in these positions work in factories and mills, with
machines, to make or assemble parts, construct components of parts
(such as plastics), and print materials. Occupations in this pathway
range from production helpers who move parts and materials around
the factory, to numerical control machine operators who run the
computer-controlled machines that modify metal and plastic to create
products, to manufacturing production technicians who oversee
production.


Manufacturing production process development occupations are
involved in designing products and manufacturing processes. People
in these occupations work with production workers to set up the
machines and processes to develop new products. These occupations
include engineers and production managers.


Maintenance, installation and repair workers take care of products after
they’ve been sold and delivered to customers—they install the
products, perform maintenance on machines, tools, and equipment so
that they work properly, and repair systems that are not performing
adequately. Workers in this pathway include automotive technicians,
automotive electronics installers, building maintenance workers,
industrial electronics repairers, industrial machinery mechanics,
millwrights, and small engine mechanics.


Quality assurance is provided by quality control inspectors and
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technicians, who ensure that products both meet design standards and
are of high quality.


Logistics and inventory [11] control workers ensure that those working in
Production have the materials they need to complete their work.
Workers in these occupations inventory [11] materials and products,
move materials to the line, and pack and ship finished products. Thus,
they include production and planning clerks, and operators of moving
machinery such as cranes and forklifts, and packers.


Health, safety and environmental assurance occupations are focused
on keeping the workplace safe by ensuring that workers are using
equipment safely and that manufacturing processes are as safe as
they can be. The also conduct investigations and conduct inspections.


Mathematics and Communication Skills Needed in Advanced
Manufacturing


Mathematics and communication are key skills needed for success in
today’s high-performance advanced manufacturing workplaces.
Mathematics is used in the advanced manufacturing industry to measure the
amounts and sizes of materials and parts, create “recipes” used to
manufacture [6] man-made materials, and analyze data. Data analysis is
critical at many levels of a manufacturing organization in order to ensure
quality and to continuously improve both quality and processes. Today’s
manufacturing industry must operate extremely efficiently and produce very
high-quality products in order to maintain competitiveness. Many front-line
workers [8] are involved in collecting data and working to improve quality and
efficiency. Thus, in addition to basic mathematical calculations (which rarely
involve simple whole numbers), workers are engaged in mathematical
reasoning and solving problems using a variety of mathematical tools.


To succeed and move up the ladder in today’s advanced manufacturing
workplace, workers need reading skills to understand technical concepts,
vocabulary, and to bring together information needed for a particular
situation; to locate, organize, and document written information from various
sources needed by co-workers and customers; and to locate written
information needed by co-workers and customers. They need to use correct
grammar, punctuation and terminology to write and edit documents and to
develop and deliver formal and informal presentations using appropriate


How Fast Should it Spin? http://mccwdta.etlo.org/print/1521


5 of 28 8/10/2015 11:15 AM



http://mccwdta.etlo.org/print/1521





media to engage and inform audiences. In addition, they need to interpret
verbal and nonverbal behaviors to enhance communication with co-workers
and clients/participants; apply active listening skills to obtain and clarify
information; and interpret and use information in tables, charts, and figures
to support written and oral communications. They also must communicate
with co-workers and customers using technology tools. As they move up the
corporate ladder they will need to explain written organizational policies,
rules and procedures to help employees perform their jobs.


Career Opportunities in Advanced Manufacturing with Education from
Community Colleges


Massachusetts Community Colleges play an important role in preparing the
state’s citizens to take advantage of the career opportunities available in
advanced manufacturing. Degree and certificate programs prepare students
to enter advanced manufacturing occupations, including:


production occupations, including people who work as assemblers
(such as airplane assemblers), machine operators, machinists,
systems operators, CNC [12] machine tool operators, machine setters,
laminators/fabricators, metal and plastic workers, packers, molders,
semiconductor processing operators, welders and solderers, tool and
die makers, and other production workers;


manufacturing production process development occupations, including
numerical control tool programmers who write the programs that
control machine tools and industrial production managers who plan
and oversee production;


maintenance, installation and repair occupations include automotive,
electronics, and biotechnology technicians, industrial machinery
mechanics, and millwrights (who install and maintain heavy
equipment);


quality assurance occupations including quality control technicians and
inspectors.


Recent Career Opportunities in Massachusetts


The following is a sample of advanced manufacturing job listings in
Massachusetts that require associate’s degree or certificate:
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Manufacturing Engineering Technician, Randstad Corporation,
Framingham, MA, [show]
Quality Control Technician, QD Vision, Lexington, MA [show]
Manufacturing Technican, Hologic, Marlborough, MA [show]


Employment Outlook for Advanced Manufacturing


Advanced manufacturing continues to be a high-growth industry, given the
knowledge capital in the United States. However, the work in this industry is
increasingly technical and requires far fewer workers as more tasks are
automated. Entry-level positions in this industry require the same skills that
only a select group of highly-experienced and well-paid workers once had.
Unfortunately manufacturers find it difficult to fill these high-skill positions. A
2011 survey found that there is a persistent skills gap between the skills that
are needed in the today’s manufacturing workplace and the skills that
candidates bring to the workforce.


Most of the advanced manufacturing companies in Massachusetts are small
to mid-sized operations that employ smaller numbers of workers and rely on
computer-operated machinery for production. While the numbers of workers
are smaller than in the past, the more highly-skilled nature of the work
means that these are high-paying jobs and provide workers with
opportunities to grow through training and education and to be part of the
effort to innovate.


Resources:


Advanced Manufacturing Industry


National Council for Advanced Manufacturing [13]


Advanced Manufacturing [14]


Brookings: “Why Does Manufacturing Matter? Which Manufacturing
Matters? [15]” (2012)
National Association of Manufacturers: “A Manufacturing Renaissance:
Four Goals for Economic Growth [9]” (2012)


Advanced Manufacturing Industry Outlook Information


Bureau of Labor Statistics: Manufacturing Industry at a Glance [16]


Massachusetts Labor Market Data [17]


Massachusetts Career Information System [18]
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Careers in Advanced Manufacturing


Massachusetts Career Information System [18]


Manufacturing Career Opportunities [19]


Manufacturing Career Pathways [20]


Industry Competency Model for Advanced Manufacturing [21] shows the
skills and knowledge needed to work in this industry
National Association of State Directors of Career Technical Education
Consortium’s Common Career Technical Core [22]


National Association of State Directors of Career Technical Education
Consortium’s Knowledge and Skills: Manufacturing [23]


O*NET [24]


WorkKeys Occupational Profiles [25]


Manufacturing’s Missing Generation [26]


A Career in Toolmaking or Machining Technologies: The Right Choice
for Students, Community, & Country [27]


Workplace Scenario (8th Grade Level)


You work at a small manufacturing company. You operate the computer
numerical control (CNC [12]) machine. This machine makes different types of
tools, parts, and other objects. You must use math skills and reasoning to
operate the machine. The parts it makes are of different shapes, sizes and
weights. These are based on drawings. They are components of larger
manufactured items. The components are then assembled. Examples
include plastic parts used in cars or airplanes.


This profession requires a high level of accuracy. Parts have to be produced
to the specifications. You need to interpret the blueprints. You must make a
series of calculations to set up the machine. This requires a strong number
sense. Sometimes you calculate volumes for the materials needed.
Additionally, you must calculate the cutting speed. You also determine the
size of the cutter to use. You calculate the angle and depth of the cut. You
calculate how long it will take to create the required cut.


Workplace Scenario (High School Level)


You are a CNC [12] Operator at a small manufacturing company in central
Massachusetts. You operate the computer numerical control (CNC [12])
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machine, which makes different types of tools, machine parts, and other
objects. In this position, you must use mathematical skills and reasoning to
produce parts of varying shapes, sizes and weights. These are based on
engineering drawings and computer controlled machines. They are
components of larger manufactured items that are then assembled as part of
the manufacturing process, such as various metal and plastic parts used in
cars or airplanes.


This profession requires a high level of accuracy. Parts have to be
accurately produced to the engineering specifications. You must make a
series of correct calculations to set up the machine. To complete these
operations you need a strong number sense. You also need important math
skills such as interpreting blueprints, calculating volumes for the materials
needed, and calculating numerical values based on formulas to guide the
tool selection and set up of the machine. For example, you must calculate
the cutting speed and size of the cutter to use. You may also need to use
formulas to calculate the angle at which to cut the part, how deep to make
the cut, and how long it will take to create the required cut.


View a video introduction to CNC [12] Operation: http://www.youtube.com
/watch?v=uEpjjeDMsPE [28]


Core instructional context


Understanding units and how to calculate various properties such as speed,
diameter, and rpm, are foundational skills for CNC [12] operation, and
transferable to a great many other professions.


Using correct units for measurement and calculation are critical life and
workplace skills that are used frequently by students throughout their daily
personal and working lives.


In advanced manufacturing jobs such as the CNC [12] Operator highlighted in
the scenario in this module, as well as jobs such as blending technicians,
metallurgists, and other positions where ingredients or parts are measured
to create materials, accurate calculations are critical.


CNC [12] Operators sculpt intricate parts out of a solid block of material. The
properties of the resulting part are dependent on the use of correct
equations and proper unit conversion. Not doing so will lead to poor quality
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materials and the potential rejection of materials by customers. Being able to
make accurate calculations are skills that many employers find lacking in job
applicants. Students seeking employment can find it very helpful to be able
to demonstrate their abilities in applied algebra.


Worked Examples


Problem 1: Understanding Cutting Speed
This problem works with the spindle of the CNC [12] machine, a spinning
cylinder that rotates at vary high speeds in order to cut away excess material
and “sculpt” the part . The spindle is also called the cutter.


Image source: http://buildyourcnc.com/SpindlesAndAccessories.aspx [29]


Before using a spindle in a machine, the machinist will program how fast it
will spin. This is usually measured in two properties: revolutions per minute
(RPM), and cutting speed, or how fast one point along the spindle travels.
This point is the cutting edge of the spindle, or cutter. Cutting speed is
measured in surface feet per minute (SFM). While surface feet may sound
like area, it is the number of linear feet a point on a rotating object
travels in one minute. Different cutting speeds are recommended for
different materials, and machinists follow the guidelines from the
manufacturer. In this example, the cutter is cutting a block of aluminum.


Imagine that a point on a cutter travels 700 ft. in 2
minutes. How many surface feet per minute does the
cutter travel? This is the cutting speed.


To solve, use an equation similar to an equation for
finding the distance traveled by a vehicle or person.
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Step 1: Cutting speed (CS) = distance (ft) ÷ time (min)


Step 2: CS = 700 ft ÷ 2 min


Step 3: CS = 350 SFM


Problem 2: Calculate RPM using Cutting Speed and Circumference
Machinists program the CNC [12] machine with the cutting speed, which is
typically provided as a recommendation by the manufacturer of the material,
and the RPM. If the cutting speed is 350 SFM (surface feet per minute), how
many revolutions does the spindle make to travel that distance in a minute?
To answer this, you need to calculate the RPM, or revolutions per minute. If
you know the circumference—the distance around the circle) of the cutter,
you may use a formula to find the RPM.
If the circumference of the spindle is 10 inches and the cutting speed is
350 SFM, what is the RPM?


Step 1: Use the formula to solve the problem:


RPM = cutting speed (SFM) ÷ circumference (ft)


Step 2: Convert cutting speed from feet to inches—the units must be the
same in order to accurately calculate RPM. In Problem 4, students will be
introduced to constants that machinists use to “build in” these conversions.


Cutting speed = 350 ft per min x 12 inches in a foot = 4200 in. per minute


Step 3: RPM = cutting speed (SFM) ÷ circumference (ft)
= 4200 SFM ÷ 10 in.
= 420


Step 4: Answer: RPM = 420 


Problem 3: Introduction to diameter


CNC [12] machines come with many different sized spindles or cutters,
usually measured by the diameter. While you will notice a few details on both
ends, the spindle is essentially a cylindrical object with two circular faces.
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The diameter of a spindle’s circular face is the length of the line that goes all
the way across the circle and through the center. Diameter is directly related
to circumference; the larger the diameter, the larger the circumference. The
ratio of circumference to diameter is π, or 3.14. The line below represents
diameter.


The circular face of a spindle has a diameter of 9 inches.  What is its
circumference?


Step 1: Circumference is __  x diameter, so __  x 9 = 28.26


Answer: The circumference of the spindle is 28.3 inches.


Problem 4: How and why machinists use a constant


Constants are numbers in an equation that do not change. Machinists are
faced with a mathematical dilemma: cutting speed is measured in feet per
minute, yet the diameters of the spindles are measured in inches. In
Problem 2, the constant 12 was used to convert inches to feet, as there are
always 12 inches in a foot
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Another complexity is that RPM is calculated by dividing cutting speed by
circumference — the distance around the circle — but the spindles are sized
by their diameters.


So to find RPM, machinists need a constant that not only converts feet to
inches, but that converts diameter to circumference. Building this constant
into the equation simplifies the calculation.  Let’s take a look at how this
constant is derived in the next problem.


The problem: What is the RPM if the cutting speed is 30 feet/min and the
diameter is 5 inches?


In the previous examples, we used the formula below and had to first
convert the cutting speed to inches to keep the units consistent:


RPM = cutting speed (SFM) ÷ circumference (in)


First, change the formula to “build in” the conversion of cutting speed from
feet to inches:


Next, we can “build in” the conversion of diameter to circumference using π.
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This equation could be simplified by putting our conversions that we built in
(feet to inches and diameter to circumference) as a separate fraction:


Replace π with 3.14


Simplify the equation even further by dividing 12 by 3.14.


So our constant, which converts feet to inches and diameter to
circumference, is 3.82. The solution to the problem:


The equation that CNC [12] Machinists actually use to calculate RPM is
below; the equation builds in all the conversions by using a constant of 3.82.


Contextualized learning activities
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A. Read the Scenario


a. Begin this unit by playing an audio clip (3:22) from Michigan Public Radio,
“Meet the Machine that Makes Most of the Things in Your Life [30].” This short
audio clip is engaging, explains what CNC [12] machines do, and provides
some interest around choosing this job.


b. Show students a video (:56), Introduction to CNC Operation [28], so that
they can visualize this kind of work.


c. Ask students to read the scenario in this module. Have students look for
unfamiliar words or concepts and write those on the board.


B. Hands-on activities to develop conceptual understanding


Note: Many of the concepts in this module will be unfamiliar to students and
hard to imagine. These hands-on activities help students develop a
conceptual understanding of some of the more complex math such as RPM
(revolutions per minute), rotational distance, and speed. Starting with a
conceptual understanding will improve students’ ability to understand the
mathematical procedures and applications in this module.


1. Introduction to RPM and speed. Mark a spot on the wheel with some
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brightly colored tape that shows one point on the wheel. Set the timer for 15
seconds. Have students count the number of revolutions, and then have
them multiply by 4 to get revolutions per minute. Explain that you are
multiplying the number by 4 to get the number of revolutions over 60
seconds.


Using a measuring tape, demonstrate how to measure the circumference of
the wheel in inches. Start at one point on the wheel and wind the measuring
tape all around until it reaches the starting point. Tell them the
circumference.


Explain that the circumference is the distance that one point on the wheel
travels in ONE revolution. The speed can be found by multiplying the
revolutions per minute by the circumference. Given the wheel’s RPM, what
is the speed of this point on the wheel?


Speed = RPM • circumference


If the speed is 300 inches per minute and the circumference is 10 inches),
what is the RPM?


Step 1: Rearrange the equation:


Step 2: Solve.


2. Introduction to rotational distance. Materials needed: tin cans and
circle stickers.


Note: Rotational distance can be hard to imagine, so begin by letting
students concretely visualize distance with a can that is rolling (rotating)
across the floor. While in this example, the can is supposed to represent the
cutter on the CNC [12] machine, an actual cutter does not move by rolling on
a surface.
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a. Give students a tin can with a label and show them how to remove the
label from the can’s surface. Mark the section of the label that covers the
entire circumference of the can by drawing a line parallel to the top or bottom
edge of the label, equal in length to the circumference (this will help students
“subtract” the part of the label that is overlapping). Explain that the
circumference is the distance around the can or any circular object.


b. Next, put a circular sticker on the surface of the can to represent one point
on the can. This circle represents one point on the can’s surface.


Put the can on the floor and rotate it one complete revolution. Define
circumference as the distance that one point on the can would travel with
one revolution.


c. How many rotations does the can need to make to travel the length of the
room?


d. Multiply circumference by the number of rotations to find out how far the
center of the wheel traveled. This measurement is called rotational
distance. Measure the length of its journey across the room to check your
work.


3. Compare RPMs. Show two cans with different circumferences. Ask
students:


a. Which one has the largest diameter? Which one has the smallest?


Answer: the can with the larger circular face should have the
larger diameter.


b. If you were to roll them across the floor and they were to reach the end of
the room at the same time, which one would have a higher RPM? Why?


Answer: The can with the smaller circumference would have the
higher RPM.


Look for students’ ability to express that speed and revolutions per minute
(RPM) are different; it is a common misconception that RPM is the same as
speed. The distinction is important in this problem, because the speed is the
same for both cans (they get from one side of the room to the other side at
the same time), but the RPMs for the cans are different. This is because the
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speed of the can moving across the floor is proportional to its spinning
speed; if it is travelling at the same speed as the larger can, it needs to have
the same spinning speed and because the circumference is smaller, more
revolutions will occur in one minute.


4. Rotational Distance and Speed.


a. Refer back to the can and sticker; when the can rotates, whether it is
stationary or actually moving, the point (sticker) is moving in a circular
fashion. This is rotational motion. If this can were to roll across the room and
make five complete revolutions doing it, how far would one point on the can
travel?


Answer: numbers will vary, but to find the answer, multiply
number of revolutions x circumference of the can.


b. If a can rotates for two minutes at 50 RPM, how many revolutions does it
make?


Answer: it makes 100 revolutions in those two minutes.


c. If a can were to roll across a surface for four minutes at 50 RPM, and the
circumference were 20 cm, how much distance would one point on the can
travel? Follow the steps below to solve the problem:


Step 1: Begin by calculating the revolutions.


50 RPM x 4 minutes = 200 revolutions.


Step 2: The distance traveled with each revolution is the
circumference, 20 cm. Multiply the revolutions (200) by
circumference (20 cm) = 4,000 cm


Answer: The can travels 4000 cm and this is the rotational
distance.


C. Apply concepts of rotational distance and RPM to CNC [12] Machines.


The previous hands-on activities helped explore the concepts of rotational
distance and RPM by looking at a rotating can. On a CNC [12] machine, the
rotating object is called the cutter. Machinists can still calculate its speed, as
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well as the rotational distance.


Imagine that the cutter on the CNC [12] machine is moving at a certain RPM
as it sculpts a part. Setting the RPM of the cutter is critical. If the RPM is too
high, it can cause errors with the cutting. If the RPM is too low, the cutting
will be ineffective or inefficient.


Watch a video of a CNC [12] machine working. Notice how the machine
changes the cutter size at :37 and 1:14. Also notice how the cutter moves
across the material; this is called the feed rate and machinists calculate this
as well.
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D. Worked Examples


Work the four problems in the Core Instructional Context section as a class.


E. Contextualized Problems (4)


Problem 1: Choose a cutter size


Your company is hired by a well-known American car company to fabricate a
V8 engine for a prototype of a hybrid version of their top selling race car. You
will be using a CNC [12] state of the art machine tool and fabricating this
64-pound engine from a 386-pound block of aluminum alloy [31]. To come out
with a high quality engine, you need to use the optimum RPM so that the
cutting is both efficient and error-free.


Video: http://www.youtube.com/watch?v=QsmiIeAkE-o [32]


Your machine has a minimum RPM of 12,000, so you need to choose a
cutter that works well at 12,000 RPM (give or take 4,000 RPM, though you
don’t want to go much higher than 12,000).


As a reminder, RPM is equal to the cutting speed divided by the
circumference. Using the constant of 3.82 to build in the conversions,
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machinists use the following formula:


a. Based on the data below, which is the best cutter to use for fabricating the
V8 engine?


Cutter Diameter (in.) Recommended Cutting Speed
Cutter A ½ 1582 SFM


Cutter B ¼ 1106 SFM


Cutter C ¼ 2650 SFM


Answer Key:


Cutter Diameter (in.) Recommended Cutting
Speed Answer (RPM)


Cutter A ½ 1582 SFM 12,086 rev/min


Cutter B ¼ 1106 SFM 16,900 rev/min


Cutter C ¼ 2650 SFM 40,492 rev/min


Cutter A would work best.


b. You are at a stage of your project where you must keep cutting speed the
same but increase the RPM. Remember that RPM depends on two things:
cutting speed and the circumference, or distance around the cutter. How can
you increase the RPM while keeping the same cutting speed?


Answer: RPM is inversely proportional to circumference; in other
words, as you increase circumference, RPM will decrease, and
as you decrease circumference, RPM will increase. The solution
is to use a spindle with a smaller circumference. Spindles are
sized by diameter, so you would look for a spindle with a smaller
diameter.


2. Calculate diameter of a cutter
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In your shop, you are using a new spindle for the first time. After using it to
sculpt an object, you find that its diameter has not been documented or
marked on the spindle itself. Calculate the diameter of a spindle if RPM was
4584 and cutting speed (in SFM) was 600 ft / min. As a reminder, the
formula to calculate RPM is:


Answer: 4584 = 600 x 3.82 ÷ diameter
Diameter = .5000 in.


3. Calculate cutting speed.


You are working with a very delicate and rare aluminum alloy [31] to produce a
specialized (and very expensive) engine part. You need to make sure your
exact cutting speed is no more than 600 ft per minute because you know
that aluminum can shear at high cutting speeds; precision is very important
because errors will be expensive. You know your rotating spindle has a
diameter of 0.600 in, and you plan to set it running with an RPM of 3500
rev/min. Calculate surface feet per minute (SFM) using these values. As a
reminder, the formula to calculate RPM is:


Answer: Cutting speed = 550 ft/min


4. Calculating revolutions per minute (RPM).


In a CNC [12] machine, the cutting tool moves through the material at a
specified rotational speed, defined in revolutions per minute (RPM).


You are cutting through aluminum to make some LED bike light housing.
Aluminum is a tough material to cut through and can result in poor finishes
and machine wear if your RPM is too high. Your machine has a minimum
RPM of 20,000, so you need a cutter that works well going at 20,000 RPM
(give or take 4,000 RPM, though you don’t want to go much higher than
20,000 because of aluminum’s limits).
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You have a cutter with a diameter of ¼ in. and a recommended cutting
speed for this particular aluminum is 1500 SFM. Is this cutter sufficient for
the job? As a reminder, the equation for finding RPM is below:


RPM = (1500 SFM • 3.82) / 0.25 in.
= 5,730 / 0.25 in.


Answer: RPM = 22,920 rev/min


Yes, this cutter’s recommended RPM is just above 20,000 RPM, so it is
sufficient.


Contextualized test items


1. You started an engine part late last week, but because of a bug with the
CNC [12] software and some temporary problems with your company’s record
keeping, you are unable to determine the exact spindle that you used to cut
an engine part and your client [33] needs the engine by the end of the week.
Fortunately, you have data on the RPM and cutting speed of the last cut:
2292 RPM, 600 SFM. Which spindle should you use?


2292 RPMA. 
3.82 in.B. 
½ in.C. 
1 in.D. 


Answer: D, a 1 inch spindle or cutter


2. If SFM stays the same, what happens to RPM when you increase the size
of the spindle or cutter?


RPM stays the same.A. 
RPM gets smaller.B. 
RPM gets bigger.C. 
None of the above.D. 


Answer: B, RPM gets smaller.
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3. If two cutters of different sizes are turning at the same revolutions per
minute, which cutter as a greater surface speed?


The smaller cutter has a greater SFM or surface speed.A. 
The larger cutter has a greater SFM or surface speed.B. 


Answer: B.


4. The constant 3.82 is important in working many CNC [12] problems. Here is
the formula:


What does 3.82 refer to?


π / 12A. 
12B. 
πC. 
12 / πD. 


Answer: D.


Contextualized project


Your company has negotiated a better price for raw materials [34] from a
company in Canada. Their recommendations for cutting speeds for the raw
materials [34] are in metric, instead of standard. The CNC [12] machine at your
company, including all the sizes of cutters, uses standard measurements. To
help out all the other CNC [12] Operators on your team, your boss has asked
you to create a nicely formatted conversion chart that can be posted in the
shop and she reminds you to round the numbers. You’ve got one minute left
on the battery of your cellphone, so you only have time to do one Internet
search to help you make this table.


What do you search for to help create this chart? Class discussion.a. 
Create the table as a classb. 
Students create word problems and share them.c. 


Each student uses the chart to create a word problem and a worked
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solution.
The student gives the word problem without the solution to a partner.
Students solve each other’s problems.
Students grade each other’s solutions when complete.


Cutting Speeds for Materials Using a Plain High Speed Steel
Cutter (Download table here [35])


Material Type Meters per minute (MPM) Surface feet per min (SFM)
Steel (tough) 15–18


Mild steel 30–38


Cast iron (medium) 18–24


Alloy [31] steels 20–37


Carbon steels 21–40


Free cutting steels 35–69>


Stainless steels 23–40


Bronzes 24–45


Leaded steel 91


Aluminum 75–105


Brass 90–210


 Answer:


Answers will vary, but looking up the conversion of feet to meters
would be very helpful.


a. 


Answers for SFM appear in blue.b. 


Cutting Speeds for Materials Using a Plain High Speed Steel Cutter
(Download table here [36])


Material Type Meters per minute (MPM Surface feet per min (SFM)
Steel (tough) 15–18 50–60


Mild steel 30–38 100–125
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Cast iron (medium) 18–24 60–80


Alloy [31] steels 20–37 65–120


Carbon steels 21–40 70–130


Free cutting steels 35–69 115–225


Stainless steels 23–40 75–130


Bronzes 24–45 80–150


Leaded steel 91 300


Aluminum 75–105 250–350


Brass 90–210 300–700


Additional or extension activities, multimedia, readings
and/or resources


Mill Safety Manual:
http://www.haascnc.com/doclib/manual/mill_safety.pdf [37]


Machine Manual:
http://www.haascnc.com/doclib/manual/96-8000_english_mill_ap.pdf [38]


What tools are used with a CNC [12] Machine?
http://www.thomasnet.com/articles/custom-manufacturing-fabricating
/cnc-machine-tools [39]


CNC [12] Machining Manual:
http://www.digitalfabrication.net/tutorials/AADPL_CNC_Manual_2010.pdf [40]


Job description:
http://hiring.monster.com/hr/hr-best-practices/recruiting-hiring-advice
/job-descriptions/cnc-operator-machinist-job-description-sample.aspx [41]


What is CNC [12]?
http://www.cncci.com/resources/articles/what%20is%20cnc.htm [42]


Fundamentals of CNC [12] (great diagrams)
http://www.mmsonline.com/articles/key-cnc-concept-1the-fundamentals-
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of-cnc [43]


10 tips for CNC [12] router aluminum cutting success
http://blog.cnccookbook.com/2012/03/27/10-tips-for-cnc-router-aluminum-
cutting-success/ [44]
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Common Core State Standards


Standards for Mathematical Practice:


1. Make sense of problems and persevere in solving them.
2. Reason abstractly and quantitatively.
4. Model with mathematics.
6. Attend to precision.


High School—Number & Quantity: Quantities


N-Q.1: Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret the
scale and the origin in graphs and data displays.
N-Q.2: Define appropriate quantities for the purpose of descriptive modeling.


Adult Basic Education Standards


Number Sense


N-1: Represent and use numbers in a variety of equivalent forms in contextual situations.
N-2: Understand meanings of operations and how they relate to one another.
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N-3: Compute fluently and make reasonable estimates.


Industry Overview


Healthcare in America


From neonatal nurses to radiology technologists, medical coders to medical office assistants,
health educators to home care aides, the healthcare industry provides a vast and diverse array of
services to individuals at every stage of life. Providing nearly 17 million jobs [5] and accounting for
an estimated $18 million of the U.S. GDP in 2009 [6], healthcare is the nation’s largest industry. In
Massachusetts, in particular, healthcare accounts for more than 15% of employment (compared
with 12% nationally), accounting for approximately one in six jobs [7]. With an aging baby boomer
population that is living longer, there is greater demand for more and higher quality preventative
and long-term healthcare across the United States. With eight of the 30 fastest growing
occupations [8], healthcare is predicted to be one of the fastest growing industries [9] both
nationwide and in Massachusetts between now and 2020.


Careers in Healthcare


The healthcare industry includes a vast array of jobs related to planning, managing, and
providing therapeutic services, diagnostic services, health informatics, support services, and
biotechnology research and development. This industry includes five career pathways:


therapeutic services, which includes professionals who work directly with patients to
improve their health by providing direct care and treatment for patients (for example, a
nurse or a physical therapist assistant);
diagnostic services, which includes professionals who plan and conduct tests to detect and
diagnose diseases and injuries, and use test results to plan treatment (for example, a
radiologic technologist or a sonographer, who perform diagnostic imaging examinations,
such as X-rays or ultrasounds);
health informatics, which includes professionals who compile and manage health
information and records (for example, a medical records and health information technician,
who organizes and manages patient databases; higher-level positions, such as
administrators of healthcare facilities or departments, are also included in this pathway);
support services, which includes professionals who provide assistance to other medical
professionals, allowing them to do their jobs in diagnosing and treating patients or
supporting therapies (for example, food service workers and nutritionists ensure that
patients’ meals are healthy and meet dietary guidelines); and
biotechnology research and development, which include careers that involve bioscience
research; while many of these professions require doctoral or medical degrees, some
entry-level opportunities in the field require only an associate degree (for example, food
and agricultural science technicians).


Mathematics and Communication Skills Needed in Healthcare


The growing complexity of the healthcare industry, including changing technologies, requires
workers to continuously upgrade their skills. In addition to technical skills specific to their job,
mathematics and literacy skills are crucial for success in all occupations across the healthcare
industry.
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Communication: First and foremost, no matter the job, good healthcare practitioners are
committed to giving patients the best care available and keeping abreast of health research and
developments in the field. All workers need to be able to read medical journals and understand
medical terminology and vocabulary, as well as read and write literate emails to
co-workers/supervisors. Many healthcare jobs also require the ability to read and interpret charts
and access and interpret electronic medical records in order to provide quality care.


Many health careers, especially—but not exclusively—those in therapeutic services—involve
interacting with patients and their families, in some cases working with people who may be sick,
disabled, or dying. Even support staff in a medical office or hospital require effective oral
communication skills as well as compassionate interpersonal skills such as the ability to listen
and talk to patients to assess needs. Effective communication with colleagues as well as patients
is crucial. Healthcare is increasingly a group activity, in which a patient’s recovery depends on
how well all members of a healthcare team perform specific function, and how well they
communicate and collaborate with one another.


Mathematics: From reading charts to interpreting data to measuring and administering correct
medicine, basic mathematics skills are essential for providing quality care across most
healthcare occupations. Nurses, for example, use mathematics for calculations in all areas of
their duties. They use mathematics to calculate dosages, caloric requirements for individual
patients, calibrate equipment, and interpret lab results. Charts and patient data are often
presented as decimals or percentages, and a nurse must be able to convert between the two,
thus requiring competency in understanding and using ratios, proportions and percentages.


Much of modern medicine is based on statistics, and all workers in the industry should have a
basic understanding of how statistics are used to influence medical trends. Nurses, for example,
need to be aware of the statistics behind prescribing medications and possible side effects or
complications. They might use statistics to counsel patients on diagnoses or prognoses, or in
gathering patient histories.


Career Opportunities in Healthcare with Education from Community Colleges


Massachusetts Community Colleges play a crucial role in preparing students for careers in health
sciences across all sectors of the industry—therapeutic services, diagnostic services,
informatics, and support services. All 15 community colleges offer pathways to nursing careers,
the largest occupation in the healthcare industry. Additionally, Massachusetts Community
Colleges offers associate degree and certificate programs that prepare students to enter
occupations across all sectors of the industry, for example:


Therapeutic services: registered nurse, practical nurse, nursing assistant, certified nurse’s
aide, massage therapist, fitness trainer and instructor, dental hygienist, dental assistant,
pharmacy technician [10], physical therapist assistant, occupation therapy assistant,
respiratory assistant, medical assistant
Diagnostic services: radiologic technologist and technician, radiographer, surgical
technologist, sonographer, phlebotomist, paramedic, polysomnographic technologist and
technician, medical and clinical laboratory technician, magnetic resonance imaging
technologist, nuclear medicine technologist, veterinary technologist
Informatics: Medical record and health information technician, medical coder, medical
interpreter, medical biller, medical transcriptionist, health educator
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Recent Career Opportunities in Massachusetts


The following is a sample of healthcare job listings in Massachusetts that require an associate’s
degree or certificate:


Registered Nurse (RN), AmeriCare At Home, Boston, MA [show]
Medical Technologist, Emerson Hospital, Concord, MA [show]
Ultrasound Technologist, Brockton, MA [show]
Licensed Practical Nurse, Hologic, East Watertown, MA [show]


Employment Outlook for Healthcare


America’s aging population is now nearing or entering retirement (opening new jobs), and will
continue to require more services and the increased use of innovative medical technology for
diagnosis and treatment. As a result, healthcare is one of the fastest growing industries both
nationwide and in Massachusetts, where growth is even higher than nationally [7]. For example, in
2010, Baystate Health of Springfield, which employs more than 10,000 across its Western
Massachusetts system, said that it would likely need to hire about 15,000 people between 2010
and 2020 to replace retiring workers and meet increased demand.


One important factor in the healthcare industry is the financial pressure on hospitals to focus on
efficiency and profitability, which results in discharging patients as soon as possible. These
financial pressures, along with increased healthcare coverage under federal law, will likely result
in a growth in out-patient services in the healthcare industry, such as rehabilitation [11] clinics,
long-term care facilities, and home care programs. As a result, occupations experiencing the
largest growth include home care aides, physical and occupation therapist assistants, dental
hygienists, and medical assistants.


Emerging careers in Health/Information Technology (HIT): Estimates based on data from the
Bureau of Labor Statistics (BLS), Department of Education, and independent studies indicate a
shortfall of approximately 51,000 qualified Health IT (HIT) workers who will be required over the
next five years to meet the needs of hospitals and physicians [12] as they move to adopting an
electronic healthcare system, facilitated by the Health Information Technology for Economic and
Clinical Health (HITECH) Act of 2009. The HITECH Act is a key component of healthcare reform.
The Act encompasses interoperable electronic health records (EHRs) including computerized
systems to order tests and medications, and support systems to aid clinical decision making and
the development of a national health information network to permit the secure exchange of
electronic health information among providers. The Congressional Budget Office estimates that
the incentive mechanisms in the HITECH Act will increase HIT adoption rates from 45 percent to
about 70 percent for hospitals and from 65 percent to approximately 90 percent for physicians [12].
To support job growth in this emerging career field and ensure the adoption of EHRs, new types
of workers are needed to facilitate information exchange across healthcare providers and public
health authorities, and assist in redesigning workflows within healthcare settings to maximize the
quality and efficiency benefits [13] of EHRs, while maintaining privacy and security of health
information and records. To that end, the Department of Health and Human Services has
embarked on an initiative to build the HIT workforce with community colleges as the primary
training ground for these new workers: (1) Practice workflow and information management
redesign specialists; (2) Clinician/practitioner consultants; (3) Implementation support specialists;
(4) Implementation managers; (5) Technical/software support staff; and (6) Trainers. The average
hourly earnings for community college program graduates are expected to be in the target range
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of between $12.46/hour to $20.25/hour.


Resources:


Healthcare Employment Outlook:


Massachusetts Career Information System [14]: Massachusetts-specific information on
careers which can be used to look at different industries, occupations within those
industries, and the skills and education needed to work in these jobs
WorkKeys Occupational Profiles [15]


Bureau of Labor Statistics [5]


Healthcare Career Information:


Top 5 Reasons to Work in the Healthcare Field, About.com [16]


Break Into a Healthcare Career, About.com [17]


Healthcare Initiatives, US Department of Labor [18]


Six Healthcare Careers that are Booming, Yahoo! Education [19]


Career Clusters in Health Sciences, National Association of State Directors of Career
Technical Education Consortium [20]


Explore Health Careers, American Dental Education Association [21]


Massachusetts Healthcare Job Listings:


Massachusetts Healthcare Jobs, Jobs.net [22]


Healthcare Jobsite, Beyond.com [23]


Workplace Scenario (8th Grade Level)


You are a nursing assistant at a nursing home in the Boston area. You are responsible for a
number of care giving tasks for the patients there. These include dressing, bathing and feeding
residents. You make beds, help patients with walking and toilet assistance, and turn bedridden
patients. You also take vital signs [24] and administer medication from the nurse. You carefully
document all interactions with patients.


A task you perform regularly is taking patients’ vital signs [24] (blood pressure and pulse). When
you take blood pressure, you need to choose the right size cuff for the patient’s size. A cuff that is
too large or too small can give an incorrect reading. The patient’s posture is also important to get
an accurate blood pressure reading. The patient should have proper back support. He or she
should also be sitting up straight and have feet on the floor. If a patient has incorrect posture, you
need to tell him how to adjust. It is important to communicate in a professional and friendly way.


Sometimes you need to weigh patients. This is important because the dose [25] of some
medications can change if a patient’s weight [26] changes. Seemingly small weight [26] changes
can also be indicators of disease. For example, patients on diuretics need their weight [26]


monitored carefully. A patient might gain one or two pounds over a few days. This increase may
indicate the patient’s diuretic needs to be adjusted.


Usually patients are weighed in pounds. However, medications are typically given using the
metric system. You often convert back and forth between the two systems. You then record the
weight [26] accurately. This ensures patients do not receive the wrong dosages due to an incorrect
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weight [26] in their chart. You may also have patients from different countries. In their country of
origin they may not use pounds for measuring weight [26]. You will need to convert from one
system to the other for them.


You are also responsible for administering patient medication. The nurse dispenses the
medication into a paper cup. You double check to make sure the dosage is correct. You then
bring it to the patient. The patient’s prescribed dosage may require multiple tablets. You double
check that the accurate number of pills has been provided. For example, a patient might need
600 milligrams of ibuprofen. The pills are each 200 milligrams. You need to be sure you’re
providing 3 pills. You also need to be able to explain it to the patient.


Workplace Scenario (High School Level)


You are a nursing assistant employed at a nursing home in the Boston area. You are responsible
for a number of caregiving tasks for the patients at the nursing home. These include dressing,
bathing and feeding residents, making beds, helping patients walk, toilet assistance, and turning
bedridden patients. You also take vital signs [24], administer medication prepared by the nurse,
and carefully document all interactions with the patient.


A task you perform regularly is taking patients’ vital signs [24] (blood pressure and pulse). When
you take blood pressure, you need to choose the correct size cuff for the patient’s size. To do
this, you need to estimate the circumference of the patient’s arm. For an accurate reading, the
cuff should be long enough to cover two thirds of the limb being used. A cuff that is too large or
too small can give an incorrect reading. Posture is also important to get an accurate blood
pressure reading. The patient should have proper back support, should be sitting up straight and
have feet on the floor. If a patient has incorrect posture, you need to verbally guide him to adjust
his posture in a professional and friendly manner.


Sometimes you need to weigh patients. It is important to get an accurate weight [26] because the
dose [25] of certain medications can change if a patient’s weight [26] changes. Seemingly small
weight [26] changes can also be indicators of disease. For examples, patients on diuretics need
their weight [26] monitored since seemingly small increases of one or two pounds over a day or
two may indicate the patient’s diuretic medications need to be adjusted. Usually patients are
weighed in pounds, yet medications are typically given using the metric system. You may need to
convert back and forth between the two systems and then record the weight [26] accurately so that
patients do not receive the wrong dosages based on an incorrect weight [26] in their chart. You
may also have patients from different countries that do not use pounds for calculating weights but
will want to know what you are recording for their weight [26]. You will need to convert from one
system to the other in order to provide them with that information.


You are also responsible for administering patient medication. The nurse dispenses the
medication into a paper cup, which you then bring to the patient. It is important to double check
to make sure the dosage is correct. The patient’s prescribed dosage may require multiple tablets
and you will need to double check that the accurate number of pills has been provided. For
example, if a patient needs 600 milligrams of ibuprofen, and the pills are each 200 milligrams,
you will need to be sure you’re providing 3 pills and are able to explain that to the patient.


Core instructional context


Nursing assistants need to perform important tasks, such as keeping track of the amount of
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medicine patients have taken over a given day, making beds, and taking vital signs. Because of
this, being comfortable with unit conversion is very important. Assistants should be comfortable
converting between metric and non-metric units; for example, converting from pounds to
kilograms when measuring a patient’s weight [26] and converting from inches to centimeters when
measuring a patient’s arm circumference to determine the size of a blood pressure cuff needed.


Example: If a patient weighs 220 pounds, what is his weight [26] in kilograms?


220 ÷ 2.2 lbs / kg = 100 kg.


If a patient’s arm circumference is 12.2 inches, what is this circumference in centimeters (cm)?


12.2 inches × 2.54 cm / inch = 31 cm.


Recommended Dosage
Normally when administering medication, there is a recommended dosage in “mg/kg” that
depends on the patient’s weight [26] in kg. For this, you need to use the dosage:weight [26] ratio
provided to determine the amount of medicine (in milligrams) that you can give the patient.


Practice problem: A patient weighs 100 kg. He is taking medicine once a day, and the dose [25]


is 4 mg/kg. How much medicine should be given to the patient?


Answer:100 kg × 4 mg / kg = 400 mg of medicine.


Time Management
When figuring out the amount of time available to accomplish a certain task, it is important to be
able to convert between days, hours, and minutes, as well as factor in times for breaks and
lunch.


Worked Examples


1) It takes 5 minutes to make a bed. Assuming that time needed for travel between rooms
is negligible, how many beds can you make in two hours?


First, convert hours to minutes:


2 hours × 60 min/hr = 120 minutes


Now, divide 120 minutes by the amount of time it takes to make a bed.


120 / 5 = 24. You can make 24 beds during this time.


2) It takes 6 minutes to make a bed. There are two beds in every room. After working on
each room, it takes one minute to lock up and move to the next room. About how many
beds can you make in around three hours? Assuming that if you make one bed in a room,
you should make the other one as well.


First, convert hours to minutes:


3 hours × 60 min/hr = 180 minutes


Each room takes 6 minutes for each bed, and one minute to lock up and move to the next room –
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so working on each room takes 6 + 6 + 1 = 13 minutes.


Let’s divide the total minutes, 180, by the number of time it takes for each room.


180 / 13 = 13.8 rooms. Let’s try rounding 13.8 up to 14.


Checking the work with the rounded answer 14 shows that 13 × 14 = 182 minutes, so making
beds for 14 rooms would be two minutes more than three hours.


14 rooms × 2 beds per room = 28 beds.


Now let’s round down to 13 rooms.


Multiply 13 by the number of beds in each room


13 rooms × 2 beds per room = 26 beds.


So if everything is going smoothly and you don’t mind the extra couple minutes, you can make 14
× 2 = 28 beds. Otherwise, given that there are two beds per room and you should make both
beds in each room you work on, you would probably have time to make 26 beds.


3) A nurse makes a bed in 7 minutes. How many beds can you make in an 8 and a half
hour shift [27] with union requirements of a 30 minute break for lunch and a 15 minute
break each hour?


Let’s first subtract the hour of lunch.


8.5 – 0.5 = 8


Now let’s see how much of a given hour the nurse would work, taking into account the 15 minute
break..


60 minutes in an hour – 15 minute break = 45 minutes.


Now, multiply the 45 minutes by each hour the nurse would work per day.


8 hours × 45 worked minutes per hour = 360 minutes.


Then divide the total minutes worked by the number of minutes it takes to make a bed


360/7 = 51.4. The nurse can make 51 beds during this time.


4) It takes 5 minutes to make a bed and 5 minutes to walk across your building. You need to
make beds for six rooms on one side of the building, and eight rooms on the other side. Each
room has two beds. How much time will this take? Give your answer in hours and minutes.


First, let’s find the total number of beds you need to make.


6 rooms + 8 rooms = 14 rooms


Now, we need to multiply these by the number of beds.


14 rooms × 2 beds per room = 28 beds
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Now, multiply by time needed to make each bed.


28 beds × 5 min / bed = 140 minutes


Add in time needed to walk across the building.


140 + 5= 145 minutes.


Now, convert to hours and use the remainder as minutes.


145 minutes / 60 minutes in an hour = 2 hours remainder 25


Total time is two hours and 25 minutes.


5) A patient can have a maximum of 800 mg of ibuprofen per day. The patient has already
had four doses of 200 mg ibuprofen every two hours and his last dose [25] was an hour
ago. He is already asking for more. Can the patient have more ibuprofen? What do you
say to the patient?


4 doses × 200 mg per dose [25] = 800 mg. The patient cannot have more ibuprofen. You can
inform the patient that the next time he can have ibuprofen is the next day. If the patient is in a lot
of pain, you may want to consult the physician about what the options are.


6) A patient who weighs 195 pounds needs his weight [26] recorded in kilograms to
calculate dosage. What is his weight [26] in kilograms?


195 lbs ÷ 2.2 lbs / kg = 88.6 kg


7) A patient that weighs 140 pounds is taking a new medication. The dosage every eight
hours is 3 mg/kg. How much can the patient take per day?


First, convert from pounds to kilograms (kg) by dividing by 2.2:


140 ÷ 2.2 = 63.6 kg


Now, multiply the dosage by the patient’s weight [26] in kg.


3 mg/kg × 63.6 kg = 191 mg.


Find out how many doses can be taken per day.


24 hours in a day ÷ 8 hours between each dose [25] = 3 doses.


Now, multiply 191 by 3 since you are calculating the total dosage in a day.


191 × 3 = 573 mg per day.


8) You have 20 beds to make in three hours. Mrs. Smith and Mrs. Jones both need extra
time from you because they love to talk and you enjoy your conversations. Given that
making each bed takes seven minutes, how much time do you have to talk to each of
these two patients?


First, convert hours to minutes.
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3 hours × 60 = 180 minutes


Figure out how many minutes are needed to make the beds.


20 × 7 = 140 minutes for making beds


Subtract minutes needed from minutes available.


180 – 140 = 40 minutes


Divide the remaining minutes by each patient.


40 min / 2 = 20 minutes per patient


9) A patient’s arm circumference is about 11.4 inches. Would you use an adult blood
pressure cuff or a large adult cuff? Solve using the chart below.


Cuff Arm Circumference Range


Adult 27-34 cm


Large Adult 35-44 cm


First, convert inches to cm:


11.4 Inches × 2.54 cm/inches = 29 cm


This number falls within the range of 27-34 cm, so the patient would use the normal adult cuff.


Source: http://www.plus-size-pregnancy.org
/lgbpcuffs.htm#Figuring%20Out%20What%20Size%20Cuff%20You%20Need [28]


Contextualized learning activities


Making beds problem


Watch a video.
Watch video of how to make an occupied bed and ask students to come up with a realistic time
of how long it takes: http://www.youtube.com/watch?v=8tcj4BbmFmE [29]


Discuss.
Have a discussion about how to come up with the time needed to accomplish daily tasks. Ask
people to share what their methods are. Then, have them apply their logic to daily nursing
calculations.


Practice
Have students practice measuring each other’s arms with blood pressure cuffs and making the
necessary conversions.


Application
Have students plan how much they can do of a repetitive task in a given amount of time (ex.
Washing cars, washing dishes, etc.)
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Problems.
1) It takes 7 minutes to make a bed. Assuming that time needed for travel between rooms
is negligible, how many beds can you make in four hours?


4 hours × 60 min/hr = 240 minutes


240 / 7 = 34.2. You can make 34 beds during this time.


2) It takes 4 minutes to make a bed. There are two beds in every room. After working on
each room, it takes one minute to lock up and move to the next room. About how many
beds can you make in around five hours, assuming a 30 minute break for lunch?


First, convert hours to minutes:


5 hours × 60 min/hr = 300 minutes


300 minutes – 30 minute lunch break = 270 minutes


Each room takes 4 minutes for each bed, and one minute to lock up and move to the next room –
so working on each room takes 4 + 4 + 1 = 9 minutes.


Let’s divide the total minutes, 270, by the number of time it takes for each room.


270 / 9 minutes = 30 rooms.


30 rooms × 2 beds per room = 60 beds.


You can make 60 beds during this time.


3) A patient can have a maximum of 900 mg of ibuprofen per day, and a maximum of 150
mg every two hours. The patient has already had four doses of 150 mg ibuprofen every
two hours and her last dose [25] was an hour ago. He is already asking for more. Can the
patient have more ibuprofen? If so, when?


4 doses × 150 mg per dose [25] = 600 mg. This is less than the maximum amount per day of 900
mg. So the patient can have another dose [25], but given that her last dose [25] was an hour ago,
she should wait an hour before the next dose [25].


4) A patient who weighs 175 pounds needs his weight [26] recorded in kilograms to calculate
dosage. What is his weight [26] in kilograms?


175 pounds ÷ 2.2 lbs / kg = 79.5 kg.


5) A patient that weighs 205 pounds is taking a new medication. The dosage every six
hours is 4 mg/kg. How much can the patient take per day?


First, convert from pounds to kilograms (kg) by dividing by 2.2:


205 ÷ 2.2 = 93.2 kg


Now, multiply the dosage by the patient’s weight [26] in kg.


4 mg/kg × 93.2 kg = 372.8 mg.
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Divide 24 hours by the time between doses to determine doses per day.


24 hours / 6 hours between doses = 4 doses per day.


372.8 × 4 = 1491 mg per day.


6) A patient’s arm circumference is about 15.7 inches. Would you use an adult blood
pressure cuff or a large adult cuff? Solve using the chart below.


Cuff Arm Circumference Range


Adult 27-34 cm


Large Adult 35-44 cm


First, convert inches to cm:


15.7 Inches × 2.54 cm/inches = 40 cm


This number falls within the range of 35-44 cm, so the patient would need the large adult cuff.


Contextualized test items


1) A nurse makes a bed in 5 minutes. How many beds can you make in a 6 hour shift [27]


with union requirements of a 30 minute break for lunch and a 10 minute break each hour?


Let’s factor in the 10 minute break right off the bat.


60 minutes in an hour – 10 minute break = 50 minutes.


During each shift [27] you would work


6 hours × 50 worked minutes per hour = 300 minutes.


300 minutes – 30 lunch break = 270 minutes.


270/5 = 54. The nurse can make 54 beds during this time.


2) It takes 6 minutes to make a bed and 12 minutes to walk across your building. You need
to make beds for five rooms on one side of the building, and four rooms on the other side.
Each room has two beds. How much time will this take? Give your answer in hours and
minutes.


First, let’s find the total number of beds you need to make.


5 rooms + 4 rooms = 9 rooms


Now, we need to multiply these by the number of beds.


9 rooms × 2 beds per room = 18 beds


Now, multiply by time needed to make each bed.
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18 beds × 6 min / bed = 108 minutes


Add in time needed to walk across the building.


108 + 12 = 120 minutes.


Now, convert to hours and use the remainder as minutes.


120 minutes / 60 minutes in an hour = 2 hours.


3) A patient can have a maximum of 500 mg of ibuprofen per day, and a maximum of 90
mg every two hours. The patient has already had three doses of 90 mg ibuprofen every
two hours and her last dose [25] was an hour ago. She is already asking for more. Can the
patient have more ibuprofen? If so, when?


3 doses × 90 mg per dose [25] = 270 mg. This is less than the maximum amount per day of 500
mg. So the patient can have another dose [25], but given that her last dose [25] was an hour ago,
she should wait an hour before the next dose [25].


4) A patient who weighs 154 pounds needs his weight [26] recorded in kilograms to calculate
dosage. What is his weight [26] in kilograms?


154 lbs ÷ 2.2 lbs/kg = 70 kg


Cuff Arm Circumference Range


Adult 27-34 cm


Large Adult 35-44 cm


First, convert inches to cm:


12.2 Inches × 2.54 cm/inches = 31 cm


This number falls within the range of 27-34 cm, so the patient would use the normal adult cuff.


Contextualized project


1) Interview nursing assistant about the math he / she uses throughout the day.


2) Research the dosages of medicines at local stores and at home by reading the labels.
Determine how much medicine is needed for hypothetical patients.


3) Solve problems within patient case studies. These may include patient background, dosage
per day, etc. Determine how long you should anticipate being in the patients’ room, what type of
blood pressure cuff to use, how often to give medicine, and how much medicine should be in
each dose [25].


Additional or extension activities, multimedia, readings and/or resources


Certified Nurse Aide has to Think on Her Feet
http://www.youtube.com/watch?v=vItBfzlWwX8 [30]
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Certified Nursing Assistant Skills Video
http://www.youtube.com/watch?v=K8Q2tI-YtOI [31]


21 nurse aid skills
http://www.youtube.com/watch?v=inxdGldWXYw [32]


Free training videos
http://4yourcna.com/free-cna-training-videos-2/ [33]


Sample precertification page
http://www.sierracollege.edu/academics/divisions/science-math/nursing/cna.php [34]
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