NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 12 6

Lesson 12: The Scale Factor as a Percent for a Scale Drawing

Student Outcomes

= @Given a scale factor as a percent, students make a scale drawing of a picture or geometric figure using that
scale, recognizing that the enlarged or reduced distances in a scale drawing are proportional to the
corresponding distances in the original picture.

=  Students understand scale factor to be the constant of proportionality.

=  Students make scale drawings in which the horizontal and vertical scales are different.

Lesson Notes

In Module 1, students were introduced to proportional relationships within the context of scale drawings. Given a scale
drawing, students identified the scale factor as the constant of proportionality. They compared the scale drawing with
the original drawing to determine whether the scale drawing is a reduction or an enlargement of the original drawing by
interpreting the scale factor. Students calculated the actual lengths and areas of objects in the scale drawing by using
the scale factor.

In this module, Lessons 12—15 build on what students learned in Module 1. These lessons require students to create
scale drawings when given a scale factor as a percent or to determine the scale factor as a percent when given the
original drawing and the scale drawing. Students make scale drawings in which the horizontal and vertical scales are
different. Students compute the scale factor of several drawings with different scales, determine actual lengths from
scale drawings, and solve area problems using scale drawings. The outcomes may seem similar to the outcomes
covered in Module 1; however, Module 4 emphasizes giving the scale factor as a written percent once it is determined.
It is also important to note that the scale factor may still be written as a ratio, asin “1:5,” “1 to 5” or “one inch
represents five inches.”

Note: This module includes an examination of horizontal and vertical scale factors. It is important to note that if only a
“scale factor” is named, we conventionally apply it both vertically and horizontally.

Classwork

Opening (7 minutes)
Scaffolding:
Review the definitions of scale drawing, reduction, enlargement, and scale factor from
Module 1, Lessons 16—17. To review such definitions, refer to the drawing below and

engage the students in a discussion about each definition.

The word scale has several
meanings (mostly nouns) that
might cause confusion. To
make this new definition of the
word clear, show visuals of the
other meanings of the word.

I COMMON Lesson 12: The Scale Factor as a Percent for a Scale Drawing

CORE Date: 12/31/13 engag'e ny 172

This work is licensed under a

© 2013 Common Core, Inc. Some rights reserved. commoncoreorg (cc) BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.



http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US

NYS COMMON CORE MATHEMATICS CURRICULUM

Lesson 12

74

Opening

original figure

and Figure B.

Scale Factor between original and Figure A:

Scale Factor between original and Figure B: — =

Review the definitions of scale drawing, reduction, enlargement, and scale factor from
Module 1, Lessons 16-17.

Compare the corresponding lengths of Figure A to the original octagon in the middle.
This is an example of a particular type of scale drawing called a reduction. Explain why
it is called that.

A scale drawing is a reduction of the original drawing when the corresponding lengths
of the scale drawing are smaller than the lengths in the original drawing.

Compare the corresponding lengths of Figure B to the original octagon in the middle.
This is an example of a particular type of scale drawing called an enlargement. Explain
why it is called that.

A scale drawing is an enlargement of the original drawing when the corresponding
lengths of the scale drawing are larger than the lengths in the original drawing.

15

1%
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3
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3

The scale factor is the quotient of any length in the scale drawing and its corresponding length in the original drawing.

Use what you recall from Module 1 to determine the scale factors between the original figure and Figure A and the

Using the diagram, complete the chart to determine the horizontal and vertical scale factors. Write answers as a percent
and as a concluding statement using the previously learned reduction and enlargement vocabulary.

Horizontal Measurement
in Scale Drawing

Vertical Measurement in
Scale Drawing

Concluding Statement

Figure A is a reduction of the original figure. A

1.5 1 2 1
Figure A K 50% 1-2° 50% length in Figure A is 50% of the corresponding
length in the original drawing.
45 1.5 6 1.5 Figure B is an enlargement of the original figure.
Figure B — =—=150% iI-1° 150% A length in Figure B is 150% of the
corresponding length in the original drawing.
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Example 1 (10 minutes)

Lesson 12

Example 1

Create a snowman on the accompanying grid. Use the octagon given as the middle
of the snowman with the following conditions:

a. Calculate the width, neck, and height for the figure at the right.

Width: 20
Neck: 12
Height: 12

b. To create the head of the snowman, make a scale drawing of the middle of
the snowman with a scale factor of 75%. Calculate the new lengths for the
width, neck, and height.

Width: 75%(20) = (0.75)(20) = 15
Neck: 75%(12) = (0.75)(12) = 9
Height: 75%(12) = (0.75)(12) = 9

c. To create the bottom of the snowman, make a scale drawing of the middle of the snowman
with a scale factor of 125%. Calculate the new lengths for the width, neck, and height.

Width: 125%(20) = (1.25)(20) = 25
Waist: 125%(12) = (1.25)(12) = 15
Height: 125%(12) = (1.25)(12) = 15

d. Is the head a reduction or enlargement of the middle?

The head is a reduction of the middle since the lengths of the sides are smaller than the
lengths in the original drawing.

e. Is the bottom a reduction or enlargement of the middle?

The bottom is an enlargement of the middle since the lengths of the scale drawing are
larger than the lengths in the original drawing.

f. What is the significance of the scale factor as it relates to 100%? What happens when such
scale factors are applied?

A scale factor of 100% would be the original drawing, and it would be neither an
enlargement nor reduction. A scale factor of less than 100% results in a scale drawing that
is a reduction of the original drawing. A scale factor of greater than 100% results in a scale
drawing that is an enlargement of the original drawing.

T
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Scaffolding:

As necessary, give students
specific instructions on creating
a scale drawing.

First, determine the original
lengths for any horizontal or
vertical distance that can be
obtained by counting the boxes
in the coordinate grid. Using
the scale factor, determine the
new corresponding lengths in
the scale drawing. Draw new
segments based on the
calculations from the original
segments. There may be more
than one correct drawing. The
head and bottom may be the
correct lengths but may be off-
center. To ensure the drawing
is not off-center, the
corresponding length needs to
align with the original drawing.
A corresponding length, such
as 9, may need to be drawn in
half-unit segment increments
followed by 8 units, followed
by a half-unit. This would offer
an equal number of boxes from
each endpoint of the scale
drawing. Lastly, any diagonal
segment should be drawn by
connecting the vertical and
horizontal corresponding
segments.
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Answer:
Discussion
= Recall that when working with percents, the percent must be converted to a Scaffolding:

decimal or fraction for use in calculating the scale drawing lengths. How do we
convert a percent or fraction to a decimal? How do we convert a fractional
percent to a decimal?

Review the meanings of the
words: horizontal, vertical, and
diagonal. Have each student

@ To convert a percent to a decimal, divide the percent by 100 and express hold an arm up in the air to
the quotient as a decimal. Also, the percent can be written as decimal by model each word’s meaning as
moving the decimal point two places to the left. To convert a fractional it relates to the orientation of a
. - 1 16 i
percent to a decimal, divide the percent by 100; e.q., 53% = 5-% = line segment.
16 . _ 16 _ 4 _ 5
3+ 100 = 300 = 75 = 0.0533.

=  How are the diagonal corresponding segments drawn in the scale drawings?

o Once the horizontal and vertical segment lengths of the scale drawing are calculated and drawn, then
any diagonal lengths can be drawn by connecting the horizontal and vertical segments.

=  How are scale factor, unit rate, and constant of proportionality used?
o They are the same; the scale factor is the unit rate or constant of proportionality. When every length of

the original drawing is multiplied by the scale factor, the corresponding length in the scale drawing is
obtained.

=  Summarize the effects of the scale factor as a percent of a scale drawing.

o The scale factor is the number that determines whether the new drawing is an enlargement or a
reduction of the original. If the scale factor is greater than 100%, then the resulting drawing will be an
enlargement of the original drawing. If the scale factor is less than 100%, then the resulting drawing
will be a reduction of the original drawing. The resulting enlarged or reduced distances are
proportional to the original distances.
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Example 2 (4 minutes)

Example 2

Create a scale drawing of the arrow below using a scale factor of 150%.

Answer:

Example 3 (4 minutes): Scale Drawings where the Horizontal and Vertical Scale Factors are Different

Example 3: Scale Drawings where the Horizontal and Vertical Scale Factors are Different

Sometimes it is helpful to make a scale drawing where the horizontal and vertical scale factors are different, such as when
creating diagrams in the field of engineering. Having differing scale factors may distort some drawings. For example,
when you are working with a very large horizontal scale, you sometimes must exaggerate the vertical scale in order to
make it readable. This can be accomplished by creating a drawing with two scales. Unlike the scale drawings with just
one scale factor, these types of scale drawings may look distorted. Next to the drawing below is a scale drawing with a
horizontal scale factor of 50% and vertical scale factor of 25% (given in two steps). Explain how each drawing is created.

Each horizontal distance in the scale drawing is 50% (or

Scale Drawi half) of the corresponding length in the original drawing.
;1 T mmg Each vertical distance in the scale drawing is 25% (or one-
Drawi Scale Factor fourth) of the corresponding length in the original
g 50% drawing.
Horizontal Distance:
Scale Drawing 8(0.50) = 8(%) -4
Horizontal
Scale Factor
50% Vertical Distance of House:
Vertical 1
Scale Facto =8(z)=
SCile Facice 8(0.25) = 8(5) = 2

Vertical Distance of Top of House:

4(0.25) =4(%) -1
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Exercise 1 (5 Minutes)

Exercise 1

Create a scale drawing of the following drawing using a horizontal scale factor of 183 % % and a vertical scale factor of
25%.

Horizontal Scale Factor:

Horizontal Distance: 6 (%) =11
Vertical Scale Fact 25 21
ertical Scale Factor: 100 — 4
. . 1
Vertical Distance: 4 Z) =1
New Sketch:

=  When a scale factor is given as a percent, why is it best to convert the percent to a fraction?

o All percents can be written as fractions by dividing the percent by 100. This strategy is particularly
helpful when the percent is a fractional percent. Also, sometimes the percent written as a decimal
would be a repeating decimal, which may result in an approximate answer. Therefore, writing the
percent as a fraction will ensure a precise answer.

=  Todo this, the percent is divided by 100. When the percent is a fractional percent, the quotient is written as a
complex fraction. How do you find an equivalent simple fraction?

o You convert all mixed numbers to improper fractions, then multiply both the numerator and
denominator by the reciprocal of the denominator, and follow the rules of multiplying fractions.
Another option is to write the fractional percent divided by 100 and multiply both the numerator and
denominator by the denominator of the fractional percent, reducing the answer. For example,

1 457 1
1 , 1523 —3= 457 1 457 1523X3 457
152 =% can be written as = =— X — = —r —— = —,
3 100 3 ~ 100 300  100x3 300
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Exercise 2 (3 Minutes)

Exercise 2

Chris is building a rectangular pen for his dog. The dimensions are 12 units long and 5 units wide.

12 Units

5 Units

Chris is building a second pen that is 60% the length of the original and 125% the width of the original. Write equations
to determine the length and width of the second pen.

Length: 12 X 0.60 =7.2
The length of the second pen is 7.2 units.
Width: 5x1.25=6.25

The width of the second pen is 6. 25 units.

Closing (4 minutes)

Note: To clarify, when a scale factor is mentioned, assume that it refers to both vertical and horizontal factors.
It will be noted if the horizontal and vertical factors are intended to be different.

How do you determine if a scale drawing is an enlargement or a reduction of the original if the scale factor is
given as a percent?

Can a scale drawing have different horizontal and vertical scale factors? If it can, how do you create a scale
drawing with different horizontal and vertical scale factors?

How are the corresponding lengths in a scale drawing and an original drawing related?

How does the scale factor relate to the “constant of proportionality” that we have been studying?

Lesson Summary

The scale factor is the number that determines whether the new drawing is an enlargement or a reduction of the
original. If the scale factor is greater than 100%, then the resulting drawing will be an enlargement of the original
drawing. If the scale factor is less than 100%, then the resulting drawing will be a reduction of the original
drawing.

When a scale factor is mentioned, assume that it refers to both vertical and horizontal factors. It will be noted if
the horizontal and vertical factors are intended to be different.

To create a scale drawing with both the same vertical and horizontal factors, determine the horizontal and vertical
distances of the original drawing. Using the given scale factor, determine the new corresponding lengths in the
scale drawing by writing a numerical equation that requires the scale factor to be multiplied by the original length.
Draw new segments based on the calculations from the original segments. If the scale factors are different,
determine the new corresponding lengths the same way but use the unique given scale factor for both the
horizontal length and vertical length.

Exit Ticket (8 minutes)
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Name Date

Lesson 12: The Scale Factor as a Percent for a Scale Drawing

Exit Ticket

1. Create a scale drawing of the picture below using a scale factor of 60%. Write three equations that show how you
determined the lengths of three different parts of the resulting picture.
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2. Sue wants to make two picture frames with lengths and widths that are proportional to the ones given below. Note:
The illustration shown below is not drawn to scale.

8 inches

12 inches

a. Sketch a scale drawing using a horizontal scale factor of 50% and a vertical scale factor of 75%. Determine
the dimensions of the new picture frame.

b.  Sketch a scale drawing using a horizontal scale factor of 125% and a vertical scale factor of 140%. Determine
the dimensions of the new picture frame.
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Exit Ticket Sample Solutions

Lesson 12

Scale Factor:

Horizontal Distances:

Vertical Distances:

Scale Drawing:

Equations:

1. Create a scale drawing of the picture below using a scale factor of 60%. Write three equations that show how you
determined the lengths of three different parts of the resulting picture.

60% = oo =3
) -6

Left Vertical Distance:
Right Vertical Distance:

Top Horizontal Distance:

Bottom Horizontal Distance:

5x0.60=3
7.5x0.60 =4.5
5x0.60=3
10x0.60 =6

Lesson 12:
Date:
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2.

Sue wants to make two picture frames like the one given below.

12

Sketch a scale drawing using a horizontal scale factor of 50% and a vertical scale factor of 75%. Determine
the dimensions of the new picture frame.

Horizontal Measurement: 8(0.50) = 4 H

Vertical Measurement: 12(0.75) =9

4 units by 9 units

Sketch a scale drawing using a horizontal scale factor of 125% and a vertical scale factor of 140%.
Determine the dimensions of the new picture frame.

Horizontal Measurement: 8(1.25) = 10

Vertical Measurement: 12(1.40) = 16.8

10 units by 16. 8 units
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Problem Set Sample Solutions

Lesson 12

the horizontal and vertical distances in the scale drawing.

Scale Factor:

Horizontal Distance: 9 (%) =12
Vertical Distance Forks: 3 (%) =4

. . 4
Vertical Distance Handle: 6 (§) =8

Scale Drawing:

1.  Use the diagram below to create a scale drawing using a scale factor of 133 % %. Write numerical equations to find

Lesson 12:
Date:
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factor of 175%. Write numerical equations to find the horizontal and vertical distances.

80 4
; . o = oY _ X
Horizontal Scale Factor: 80% 100-%

Horizontal Segment Lengths: 10(0.80) =8 or 10 (%) =8

Horizontal Distance: 15 (g) =12
175 7
i . oy — 12 L
Vertical Scale Factor: 175% 100 -2
. . 7\
Vertical Distance: 8 (Z) =14

Scale Drawing:

2. Create a scale drawing of the original drawing given below using a horizontal scale factor of 80% and a vertical scale

The Scale Factor as a Percent for a Scale Drawing
12/31/13
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3.

The accompanying diagram shows that the length of a pencil from its eraser to its tip is 7 units and that the eraser is

1.5 units wide. The picture was placed on a photocopy machine and reduced to 66%%. Find the new size of the

pencil and sketch a drawing. Write numerical equations to find the new dimensions.

15
units

7 units

6653 200 2

100-3 ~ 300 3

Scale Factor: 66 % % =

Pencil Length:
(1)E-OE)-

Use the diagram to answer each question that follows.

a. What are the corresponding horizontal and vertical distances in a
scale drawing if the scale factor is 25%? Use numerical

equations to find your answers.

Horizontal Distance on Original Drawing: 14
Vertical Distance on Original Drawing: 10
Scale Drawing:
Scale Factor: 25%
25 1
100 4
. . 1
Horizontal Distance: 14 (—) =3.5
4
. . 1)
Vertical Distance: 10 (Z) =2.5
b. What are the corresponding horizontal and vertical distances in a scale drawing if the scale factor is 160%?
Use a numerical equation to find your answers.
Horizontal Distance on Original Drawing: 14
Vertical Distance on Original Drawing: 10
Scale Drawing:
Scale Factor: 160%
160 _ 8
100 5
. . 8
Horizontal Distance: 14 (E) =22.4
Vertical Distance: 10 (g) =16
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5. Create a scale drawing of the original drawing below using a horizontal scale factor of 200% and a vertical scale
factor of 250%.
Answer:
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6.

Using the diagram below, on grid paper sketch the same drawing using a horizontal scale factor of 50% and a

vertical scale factor of 150%.

Answer:

oo

e

2

o

—#ﬁ
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