LESSON 1.1

Unit Analysis
Common Core State Standards
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.
Mathematical Practices 4, 6, 7

CAREER SPOTLIGHT: Dental Laboratory Technician
Dental laboratory technicians use science and math to help produce various physical and
chemical products needed by a dentist. They work with polymers and ceramics to build
dentures, false teeth, and crowns. Some technicians develop proficiency in using computeraided design (CAD) to make models of teeth. Dental laboratory technicians need to study
anatomy, chemistry, physics, mathematics, and computing to be able to perform the tasks
required in their job.
This career draws from principles in dentistry, engineering, computing, and chemistry.
• Discuss with students the work a dental laboratory technician will do by reading the Career
Spotlight together.
• Find local colleges and universities with a dental technician program to share with students.
• Research local dental facilities that employ dental laboratory technicians, and ask what
tasks the technicians perform.

Video: Dental Laboratory Technicians

Photo credit: Robert Kneschke/Shutterstock.com

Have students watch this video, which describes the types of projects a dental laboratory
technician might work on.
Lesson Objective
In this lesson, you will look at how the understanding of units and dimensions can help a
dental laboratory technician solve problems.
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Teaching Support
1

Step Into the Career: Converting Units

A dental laboratory technician uses CAD (computer-aided
design) to create a virtual model of a tooth. The actual
width of the tooth is 9.15 millimeters. The image on the
screen measures exactly six times the measurements
made by the dentist. The technician will use the model
to create a mold for a crown made from a polymer.
Accounting for a 15% shrink in each dimension of the
crown during the baking process, what should the width
of the tooth mold be on the computer screen in inches?
Use 1 in. = 2.54 cm.
Note: It may be helpful to write out Step 2 on a board, one factor at a time, so students see how the equation builds.
Demonstrate how the units cancel. Cross out millimeters, then write the next factor, and cross out centimeters, so only
inches are left.

Guiding Questions
• In Step 1, what math operation can you use to find the size on the screen?
• In Step 2, how do you know what conversion factors to use?
• In Step 3, how do you know whether the mold will be larger or smaller than the tooth?
DIFFERENTIATION: ADDITIONAL SUPPORT To demonstrate this concept, it may
be helpful to model this scenario in a physical way so students can visualize the
comparisons. For example, find two objects that look similar but have different sizes.
One simple example would be to use two balls, such as a tennis ball and a volleyball. Use
the tennis ball to represent a real tooth and the volleyball to represent the image on the
screen. Having physical models may help kinesthetic learners.
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On the Job: Apply Converting Units
Answers
1a. 5 • 8.26 mm = 41.3 mm
 1 cm   1 in. 
1b. (41.3 mm)

 ≈ 1.626 in.
 10 mm  2.54 cm
1c. 100% − 12% = 88% = 0.88
1.626 in.
0.88
1d.

1.626 in.
0.96

≈ 1.8 in.
≈ 1.7 in.

 2.54 cm
(1.7 in.)
 ≈ 4.3 cm
 1 in. 
Use these questions to check students’ understanding.
• In 1a, what is the unit of the tooth measurement? What is the unit of the screen
measurement?
• In 1b, what did you calculate first?
• In 1c, why did you subtract 12% from 100%? What effect does dividing by a number less than
one have?
• Did you need to do anything differently in solving 1d compared to 1c?
2

Step Into the Career: Percent Change in Volume

Photo credit: Bymandesigns/Shutterstock.com

A dental laboratory technician is preparing to build a crown for a
tooth. The actual width of the tooth is 8.15 millimeters. Its depth
is 6.05 millimeters. The height of the tooth is 9.08 millimeters.
The technician will use the model to create a mold for a crown
to be made from a polymer. When the mold is baked from this
polymer, there will be 15% of shrinkage in each dimension of
the crown.

6.05 mm
9.08 mm

8.15 mm

What dimensions should the technician make the mold before it
is baked? What will the percent of shrinkage of the volume be if
the length, width, and height each shrink by 15%?
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Guiding Questions
• In Steps 1 and 2, explain how you can determine which measurements correspond to 100%
and which measurements correspond to 85% in the proportion.
• In Step 3, why is it possible to use just the percentages, rather than the actual
measurements, to calculate the percent of shrinkage in volume?
• How could you find the percent of shrinkage in surface area using the same reasoning used in
Step 3?
• What do the calculations in Step 4 show?
DIFFERENTIATION: ENRICHMENT Have students research how three-dimensional CAD
can be used to model various body parts and design prosthetics. Encourage them to find out
about the benefits and challenges of using different types of software and physical modeling
methods. Students can investigate what kind of education is needed to become a computeraided designer and the importance of learning about how the human body works in order to
use CAD. Ask students whether someone could do a dental technician’s work without fully
understanding the anatomy of the mouth and the working of the jawbones and skull.
DIFFERENTIATION: ADDITIONAL SUPPORT Have students use two balls of different
sizes and measure the radiuses to find the percent change from the larger ball to the




smaller ball. Ask students to use the volume formula for spheres V = 4 π r 3  to find and


3



compare the percent change between volumes. Then have them follow the method in
Step 3 to find the percent change.

On the Job: Apply Percent Change in Volume
Answers

Polymer B:
2b. Polymer A:
Polymer B:

96
100
88
100
88.5
100
68.1
100

•
•

96
100
88

•

100
=

=

•

96
100
88
100

100 mL

x mL
100 mL

2c. Polymer A: 113 mL •
Polymer B: 147 mL •

x mL
$58
1 mL
$38
1 mL

=
=

884,736
1,000,000
681472
1000000

≈ 88.5% of the original volume
≈ 68.1% of the original volume
Photo credit: PHOTO FUN/Shutterstock.com

2a. Polymer A:

; x ≈ 113 mL

; x ≈ 147 mL
= $6554 ≈ $6600
= $5586 ≈ $5600

Polymer B costs less.
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Use these questions to check students’ understanding.
• In 2a, before you made any calculations, which polymer did you think would have a greater
shrinkage in volume? How did you know?
• In 2b, how did you set up your proportions? Which polymer did you need to use more of?
• In 2c, what did you multiply to approximate the costs?
3

Step Into the Career: Using Units in Proportions

A dental laboratory technician is preparing dental
ceramic to make a crown. The technician uses prepared
powders to make the ceramic. Each powder contains
the ingredients kaolin and feldspar. The table shows the
percentage of each ingredient in the ceramic produced
by 100 grams of each powder. Dental ceramic should
be composed of 3–5% kaolin and 70–85% feldspar. If
the technician combines 70 grams of Powder A and
110 grams of Powder B, does the combined powder
meet the requirements to produce dental ceramic?
Assume that 100 grams of each powder produces the
same amount of ceramic.

Powder

Kaolin

Feldspar

A

8%

70%

B

2%

90%

Guiding Questions

Photo credit: PHOTO FUN/Shutterstock.com

• In Step 1, how do you know the unit of measure of the unknown x?
• In Step 1, explain in your own words what each part of the equation
0.7x grams + 1.1x grams = 1.8x grams represents.
• In your own words, what do the algebraic expressions in Steps 2 and 3 represent?
• In Step 4, why is it not necessary to solve for x in order to answer the question?
ENGLISH LANGUAGE LEARNER Dental technology uses many ingredients with names
that are unfamiliar to students. It may be helpful for students to substitute abbreviations
for the names so they can more easily read the sentences. For example, students can
replace kaolin and feldspar with K and F in the problem.

TECHNOLOGY If a technician were faced with this problem at work and did not know
how to solve it using algebra, he or she could solve the problem by writing different
combinations of Powder A and Powder B using spreadsheets. Demonstrate for students
how a spreadsheet can easily compute percentages for different combinations of powders.
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On the Job: Apply Using Units in Proportions
Answers
3a. 0.6x grams
3b. Powder A: 0.001x g, Powder B: 0.0012x g, combined powder: 0.0022x g
3c. Powder A: 0.005x g, Powder B: 0.005x g, combined powder: 0.01x g
3d. triclosan: 0.4%, copolymer: 1.7%
These amounts are close to, but do not meet, the desired value for the toothpaste.
The dental technician will need to make adjustments to meet the requirements.
Use these questions to check students’ understanding.
• In 3a, how did you find expressions for each powder?
• In 3b, how did you find expressions for each powder?
• In 3c, which expression did you use to find the percentages?

Career Spotlight: Practice
Solution Steps for Exercises 4–7
These steps will help guide students in solving these practice exercises.
Exercise 4
Answer
4. 18.63 mm ≈ 19 mm
Solution Steps
• Let x be the original length. Write a proportion.

 x mm
100 
=


96.6 
 18 mm

• Solve the proportion. (about 18.63 mm)
Exercise 5
Answers
5a. 17%
5b. 25%
Solution Steps
• Find the percentage of the surface area of the mold after baking compared to surface area
of the mold before baking. (about 83%)
• Find the percentage of the volume of the mold after baking compared to the volume of the
mold before baking. (about 75%)
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Exercise 6
Answer
6. The combined powder produces a ceramic with 4.4% kaolin and 71% lithium disilicate, so
the ceramic meets the required ranges of the percentages.
Devise a Plan
Possible plan:
Step 1: Using x to represent the number of grams of ceramic produced by 100 grams
of each powder, write the amount of ceramic that is produced by combining the
powders as described.
Step 2: Write an expression to represent the amount of kaolin produced by each powder
and the combined powder. Include the units.
Step 3: Write an expression to represent the amount of lithium disilicate produced by each
powder and the combined powder. Include the units.
Step 4: Determine the percentages of kaolin and lithium disilicate in the combined powder.
Solution Steps
• Using x to represent the number of grams of ceramic produced by 100 grams of each
powder, write the amount of ceramic that is produced by combining the powders as
described. (x grams)
• Write the amount of kaolin produced by each powder and the combined powder. Include the
units. (Powder A: 0.032x g, Powder B: 0.012x g, combined powder: 0.044x g)
• Write the amount of lithium disilicate produced by each powder and the combined powder.
Include the units. (Powder A: 0.32x g, Powder B: 0.39x g, combined powder: 0.71x g)
• Determine the percentages of kaolin and lithium disilicate in the combined powder. (kaolin:
4.4%, lithium disilicate: 71%)
Exercise 7
Answer
7. There are about 0.65 grams of active ingredient in two aspirin tablets, so yes, the
dose matches.
Solution Steps
• Begin with the simplest unit, 5.0 grains. Determine the conversion factor to use.
• Next, determine the conversion factor to use to convert milligrams to grams.

 64.8 mg


 1 gr 

 1g 


 1000 mg

• Write the expression using the two conversion factors, and find the number of grams to
compare.



64.8 mg
1g
•
• 2 tablets ≈ 0.65 g
 5.0 gr •
1 gr
1000 mg
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Career Spotlight: Check
Tips for Completing Exercises 8–14
These tips will help students in solving these exercises and similar assessment items.
Exercise 8
Answer
8. c. 57, a. 69, b. 2.7
Tip Encourage students to make a sketch to help visualize the situation. Have students check
their answers for reasonableness—the number of millimeters is about 25 times the number of
inches, so the number of inches should be less than the number of millimeters.
Exercise 9
Answer
9. A
Tip Remind students to pay attention to the units when writing an equation to solve this
problem. Because the answer is in milliliters, students must divide by the density, not multiply.
Students should check that the units properly cancel.
Exercise 10
Answer
 1 gr   1 tablet 
10. (81 mg)

 = 0.50 tablet
 64.8 mg  2.5 gr 
Tip Encourage students to make sure that their answer is reasonable. Have them write all the
conversions as fractions and make sure that the units properly cancel.
Exercise 11
Answer
11. b and d
Tip It can be easier to answer this type of question by first solving for each measurement
in millimeters and then converting to match units in the options rather than looking at the
options first and then trying to make sense of which ones will match the problem.
Exercise 12
Answer

 1  1 in.   100
12. (17.43 cm)  

 ≈ 2.54 in.
 3  2.54 cm  90 
Tip Encourage students to sketch the situation to help make sure that their answer makes
sense. If writing a single equation is confusing, it can be helpful to work out the calculation
in steps, making sense of each step along the way, and then combine the steps into a
single equation.
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Exercise 13
Answer
13. C
Tip Students should first determine the percent of shrink of the volume. First, divide the
final volume by the initial volume to find out that it has been reduced to 80.4% of the original.
Next, students can either take the cube root of 0.804 or work by trial and error to find out
which percent of shrink would give a shrink in volume of 19.6%. The answer can be found by
multiplying 1 − 0.07 = 0.93 three times, (0.93)(0.93)(0.93) = 0.804.
Exercise 14
Answer
14. Material A, 8%: 15%, Material B, 4%: 8%, Material C, 12%: 23%
Tip Remind students that to calculate area, they multiply two dimensions. This means they
will square the percent left after the reduction to determine the percent of area remaining.
Students should also check that the order of shrinkage in surface area from least to greatest
should match the shrinkage in each dimension from least to greatest.
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Notes
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