.I Percent Bars

Concept:

TEKS Focus:

Overriew:

Matei ials:

Procedure;

Institute Notes

Connect the characteristics of proportional relationships
to percent situations.

6.3—The student solves problems involving proportional
relationships.

7.3—The student solves problems involving proportional
relationships.

8.3—The student identifies proportional relationships in
problem situations and solves problems.

Participants will use the Cuisenaire rods and centime-
ter rulers to develop a percent bar to model the propor-
tional relationships in percent problems. In Activity 1,
participants investigate finding a variety of percents of a
given quantity (holding the size of the “whole” constant
while varying the percent amount) and display their re-
sults in table, graph, and equation form. In Activity 2,
participants will investigate finding a given percent of a
variety of quantities (holding the percent constant while
varying the size of the “whole”) and display their results
in table, graph, and equation form. Participants will then
compare the results, making verbal statements about
the proportional relationships that are involved in per-
cent situations. In Activity 3, participants will use the

percent bar model and the proportional relationships

identified in Activities 1 and 2 to solve percent problems.

Meter stick

Centimeter rulers
Cuisenaire rods
Overhead Cuisenaire rods
Graphing calculators

1. Have participants work in groups of four. Each group
member should have either a meter stick or or an

orange, blue, brown, or purple rod. Ask the following
questions:

* What measurement in centimeters is equivalent to
one meter?

100 centimeters

Also:

Grade 6:

1B, 2C, 2D, 4A, 4B, 5, 11A-
D,12A

Grade 7:

1B, 2D, 2F, 2G, 4A, 4B,
13A-D, 14A

Grade 8:

1B, 2A, 2C, 2D, 4, 5A, 14A-
D, 15A
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What fraction is equivalent to 1%?

_1 _[or0.01]

100

What fraction of a meter is one centimeter?

_1. for0.01]

100 ,

So, what length represents 1% of a meter?
_1_ofameter,or 1cm

100 ‘

What percent of a meter is 10 centimeters?

10%

What percent of a meter is 20 centimeters?

20%

Using the meter stick, show 35% of a meter,

any interval that is 35 centimeters long

. Ask, “Which of the Cuisenaire rods would you use to
represent 100%? Why?”

. Explain that, since not all participants have meter
sticks (and they do not fit onto a piece of notebook
paper!), they will use the orange rod to represent
100% of a meter stick and the beige (white) rods to
represent parts of a meter stick. Give each pair of
participants a set of Cuisenaire rods. The participants
should use the rods to help answer questions as the
presenter models on the overhead. '

How many beige rods are equal in length to an or-
ange rod? '
10 beige rods

So a beige rod is what percent of an orange rod?
10%

How many beige rods represent 50% of the orange
rod? Explain.

5 beige rods, because they are half of the orange rod,
or because each beige rod is 10% of the orange rod
How many beige rods represent 70% of the orange
rod? Explain. -

7 beige rods, because each beige rod is 10% of the
orange rod

How many beige rods represent 25% of the orange
rod? Explain.

2 -; beige rods, because each beige rod is 10% of

the orange rod, and 31‘ of a beige rod is 5% of an
orange rod

Math Notes:

Every participant has an ob-
ject in their hand—meter
stick or Cuisenaire rod. Ev-
eryone is involved! After this
observation, groups will
conclude that the orange
rod would be their choice
since it measures 10 cm or
100 mm.

The beige rod represents a
“‘benchmark” of 10%. We
can use this benchmark to
find how many beige rods it
takes to represent a given
percent of the orange rod.
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Debriefing:

Lay your centimeter ruler next to the orange rod and
use it to describe the length of a rod that would be
48% of the orange rod. Describe to your partner the
process you used.

The orange rod is 10 cm in length. 10 cm is equiva- -

lent to 100 mm. Since 48% is 48/100, 48% of 100
mm is 48 mm. Then 48% of the orange rod would be
48 mm long.

. Ask participants to determine what percent each of

the other Cuisenaire rods is of the orange rod.

Red is 20% of orange; light green is 30%; purple is
40%; yellow is 50%, green is 60%; black is 70%;
brown is 80%; blue is 90%. The orange rod is 100%
of itself.

. Distribute the activity sheet for Activity 1 and allow

participants to work in pairs to answer the questions.
Use the Reason and Communicate and Math Notes
sections to lead a discussion of Activity 1 with the
whole group.

The answer sheet for Activity 1 points out some of

the methods which may be used in solving the per-
cent problems.

. Distribute the activity sheet for Activity 2 and allow

participants to work in pairs to answer the questions.
Use the Reason and Communicate and Math Notes
sections to lead a discussion of Activity 2 with the

- whole group.

The answer sheet for Activity 2 points out some of
the methods which may be used in solving the per-
cent problems.

. After Activities 1 and 2 have been completed, have

participants compare the results and verbalize the
proportional relationships that hold when the size of
the whole is kept constant and the percent changes
(Activity 1) and when the percent is kept constant
and the size of the whole changes (Activity 2). Lead
participants to recognize how the knowledge of these
proportional relationships can help students set up
equations for solving percent problems and recog-
nize reasonable answers. For example, have par-
ticipants count off 1 - 6, go to the corresponding num-
bered table, and work in a small group on the corre-
sponding problem. Then, post solutions on the walls

Math Notes:

In Activity 1, the proportional
relationship exhibited in the
percent bar models, the
tables, and the graphs is
that the percent of a quan-

ity increases proportionally

as the percent increases. In
other words, 50% of a quan-
tity is 5 times 10% of that
quantity, or 25% of a quan-
tity is 1/2 of 50% of that
quantity, or 70% of a quan-
tity is 7 times as large as
10% of that quantity. Know-
ing this proportional rela-
tionship allows students to
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Activity 1

8. a  Foreach point, yrepresents the number of kilograms that is x percent of 60 kilograms.
Exampie: the ordered pair (20, 12) means that 20% of 60 kg is 12 kg. (60, 36) means
that 60% of 60 kg is 36 kg. In general, (x. ¥} means that x of 60 kgis y.
b The points lie on a straight line which passes through the origin.

7. a andb. Todetermine the equation of the line one must find the constant of proportionality.
The rate of change from the graph using the points (0.0) and (20, 12) is 12 kilograms
up for 20 percent points over. 12 3 :

20 o £ 60 3
If the paints (0,0) and {100,60) are used, the rate of change is o0 e

The equation describing y as x percent of 60 is: ;. %, = ,»-%, :
Ancther method: Use the constant ratio from your table y=3togety=3x
5 S

¢ You could use this equation to find other percents of 60 kilograms. For example, 18%
of 60 kilograms = y'= [3] x 18 = 10.8 kilograms. :
3

It you kept the equation in the form y = [60]x. you could change tha 60 to find percents
100

of other quantities. For example, 18% of 85 kilograms would be y = [85] xt8 =
15.3 kilograms. 100

8. Tle unit rates are 0.6 kg for each 1 percent (60 kilograms for every 100 percent) or §
pe reent or about 1.67 percent per 1 kilogram (100 percent for evary 60 kilograms). 3

S 010 70 100% Benchmams:100%=$2ﬁz10%=$2;?o%=$14:
[ 5% equals $1 (using a scale factor of 7}
¢ 2 ? 320
Dimensi nal Analysis
Rates: § 0 or 100% Unit Rates: 5% or $0.20 Gain Lose (from Lost and Gained)
10% $20 $ 1% Doflars Percent
Since we want 10 gain “dotlars’ and lose “percent,” we multiply $0 20 - 0% = 8§14
1% 1 B Doftars
Equation Method: From the gercent bar or table, wehave yx 1, where 1 is the i ;EE%
x 3 5
constant ratio or constant of proportionality. Now, ¥=1 xmeans “The numberof | 100 20 20
5 100
adollars ()  is one-fifth of the percent (x4 Subssusting 70% for xin the squaton, | 50 10 0
we have vz 3 (70)or y = 814, 0 70 100% —30__|
5 25 250 25
25
80 18 18
0 ? $20 =
TEXTEA 4S Rathinking Middle School Mathematics: Proportionaity Activity-281

Reason and
Communicate:

How is the method of solu-
tion described in Probiem 9
related to the traditional pro-
portion equation and use of
cross products?

The proportion which might

be writen s
20 100
100N =20(70)
2
N= 20(70) e
100

The expression (20 ) x 70
100

is equivalent to the fraction

for N determined above.

How is the solution related
to the solution which uses
the decimal equivalent of
percent?

The traditional solution
might be “What is 70% of
207"

.N=0.70 (20) = 14

0.70 = 70
- 100
N = 70 (20)
100

This is equivalent to the
equation used in the solu-
tion to Problem 9.
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Activity 1 continued

Ciraph the data from your table.

a. What do the points on
your graph represent?

E. Explain how you know
that a proportional
relationship exists
between the size of the
percent and the number
of kilograms out of 60
that represent that
percent.

7. &. Write the equation that
describes this proportional
relationship.

£.  Explain how you
determined the equation.

c.  Describe how you might '
be able to use this equation ' Percent
in other situations.

o

Number of Kilograms (out of 60)

8. \V/hat unit rates appear in this proportional relationship?

9. Suppose you wish to find 70% of $20 using this percent bar

0% 70% 100 %
$0 227 $20
a. First, set up a table: Dollars oy ??
Percent 100 10
b. Then, determine a unit rate of dollars per percent:
e R

c. Use dimensional analysis (from Lost and Gained) to multiply
{ X % = &

TEXTE \MS Rethinking Middle School Mathematics: Proportionality Activity-281
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Activity 2
Perce Hs: 0% 50% 100%
Lengts: Odm 0.5dm ddm
Ocm Sem 10cm
0mm 50 mm. 100 mm

1. M3asure this bar using your centimeter ruler. Label each measurement to show 50%. How
du) you know that 50% of the bar is equivaient to 0.5 = 1/2 dm? 5 cm? 50 mm?
5 cause they are equivalent ratios: 50100 = 0.5/1 = 510 = 50100

2. Libel the following percent bar to show 20% of the difierent “wholes” that are shown. Ex-

pliin your reasoning. :
0% 20% 100%
0 kg 2 kg 60 kg
Okg 24 kg 120 kg
O kg 8kg 40 kg

3. U:ehpercembarandyéwameriemainﬁoblemsi and 2 to estimate the number of
kil grams that represents 20% of each total. Record your estimates in the table below.

Numbsrofkg| 0 20 | 30 | 40 60 | 100 [150 | 180
in 100% (x) '

Numbsrofkg| 0 4 6 8 12 20 30 36
in 209, (W
TEXTEA 4S Rethinking Maddle School Mathematics: Proportionaiity : Actvity-11
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Activity 2
Percents: 0% 50% 100%
Lengtns: 0 dm = fm - i
Ocm o Em . B
0O mm . mm

e

1. Nleasure this bar using your centimeter ruler. Label each measurement to show
50%. How do you know that 50% of the bar is equivalent to
0.5=1dm? 5cm? 50 mm?
2

2. Label the following percent bar to show 20% of the different “wholes” that are
siown. Explain your reasoning.

0% 20% 100%
Dl . s 60 kg
O kg oo : 120 kg
0 kg .. kg 40 kg

3. Lse the percent bar and your experience in Problems 1 and 2 to estimate the

number of kilograms that represents 20% of each total. Record your estimates
ir the table below.

Numterof kg, O 20 30 40 60 100 | 150 180
in 100% :

Numter of kg
in 20°%

TEXTE/\MS Rethinking Middle Schoo! Mathematics: Proportionality Activity-283
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Activity 2 continued

4. Giaph the data from your table.

5. a. Fureach point, yis 20% of x

b. Tt e graph forms a straight line
th ough the origin.

6. a. ar d b. To determine the equation
of the line one must find the
<t nstant of proportionality. The
ra & of change from the graph
us ing the points (0,0) and {20, 4)
is 4 kilograms up for 20 kilograms
to the right. So the constant of
o1 oportionality is 420 = 155.

Number of Kllograms that represent 20%

Number of Kilograms that repregsent 100%
Tl e equation describing y as 20% percent of xis y=[1]x.
5

If he rate of change is found using the points (0,0) and (100, 20), the constant of proportion-
al'y is seen as 20/100 and an equivalent equation can be writien as ¥ = [20] x. This

: 100
fo m is more visibly related to the 20% that the graph is representing.

<. You could use this equation to find 20% of any number of Kilograms. For example, 20% of
1¢ kilograms = y= [1] x 18 = 3.6 kilograms. Making tha connection between y = [20] x

5 : 100
a1 d the graph of 20%, the equation could be changed to find 15% of any number:
¥ :[18]x Or any given percent (p) of any number: y= [p]x.

100 100
7. a. Fur every point on this graph, y= 1. For exampie, 4:20, 6:30, 8:40...
X 5
b. 1. trepresents the siope of the fine.
5 o
8. Supy ose you wish to find 70% of $20 using this percent bar.
0% 70% 100 %
$0 77?7 $20
a. You :an use the constant of proportionality, 70 = 0.7 10 answer this question.
100
b. Setp the equation: y = 0.7 x 20,
©. 50,7 0% of $20 is $14,
TEXTEA 45 Rathinking Middle School Mathematics: Proportionailty Activity-285
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Activity 2 continued

4. Craph the data from your table.

5. a  What do the points on

your graph represent?
b.  Explain how you know

that a proportional
relationship exists
between the number of
kilograms that represent
20% and the number of
kilograms that represent
100%.

6. a. Wirite the equation that
describes this
proportional relationship.

£. Explain how you
determined the equation. :
c. Describe how you might be - Number of Kilograms that represent 100%
able to use this equation in
other situations.

Number of Kilograms that represent 20%

7. &. What equivalent ratios appear in this proportional relationship?

£.  What constant of proportionality appears in this relationship? What does
this constant of proportionality represent in the graph?

8. Suppose you wish to find 70% of $20 using this percent bar.

bla 70% 100 %
$0 - 197 $20
¢. You can use the constant of proportionality, , to answer this
question.

t.  Set up the equation: y = (constant of proportionality) x
¢. 8o, 70% of $20 is

TEXTE AMS Rethinking Middle School Mathematics: Proportionality Activity-285
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Activity 3

Scive each protiem using a) Benchmarks, b) Dimensional Analysis, and ¢) Equation
Method.

1. Tha percent bar has been marked (0 answer the question, “What percent of 420 is
707" Find the value for N. Explain your reasoning.

0% N : 100%

4] 70 $420
2. 2. What question s this percent bar a modei of?
0% 40% 100%

; 5 N 240 people
b. Find N. Explain your reasoning.

3. a. What question is this percent bar a mode! for?
0% 90 100%

0

350 fters N
b. Find N. Explain your reasoning. .

4, Auerninﬁbleccormimﬁﬁ%ofhmmmendaddaiyromﬂmmoﬂm
mmum:mmwmmwsmm.mmamm

eral does the tablet contain?
2 Use the percent har model to help saive the problerm by showing 120% of this ber.
% 00%
b. Salve the problem.
Tmmmmms«mmm Acyoty-18

Reason and Communicate:

Before using paper and pencil to solve
each problem, ask participants to use
the proportional relationships they
have investigated in Activities 1 and 2
to mentally estimate or calculate the
solutions to the problems and explain
their thinking. (For example, in Prob-
lem 1, 210 is 50% of 420, and 70 is 1/
3 of 210. Then 1/3 of 50% is a littie
more than 15%. In Problem 2, 10% of
240 is 24, s0 40% of 24 is 4 times as
much, or nearty 100. In Problem 3, you
need 10% more to make 100%, and
10% of 360 is 36, so 100% is around
400. And in Problem 4, 10% of 60 is
6, s0 20% of 60 is 12, and 120% of 60
is 60 + 12, or 72.

This could also be described with the
equation :
y=240x y=240 ¢ 40 =96

100 100 ‘
A second method would involve the
use of the constant of proportionality
in the equation describing the relation-
ship between a quantity and 40% of
that quantity: y=[40] x.

100

So y = 0.40(240) = 96 people.
3. The problem is “360 is 90% of what
number of liters?”

Answe s and Math Notes:
1. The »roblem is “70 is what percent of 420?” and may be solved by vari-
ous me hods. This solution shows the use of dimensional analysis to change
the unils. The rates of change are 100 percent for every 420 units or 420
units fo- every 100 percent. You wish to gain an answer in percent, so the
percen| must be in the numerator,
100 pelcent (70 units) = 16 2 percent.
420 units 3
A secod approach could be to find the constant of proportionality in the
equation for finding a given percent of any quantity, y = p(x), replacing y and
x with te appropriate values and solving for p:
70 = [£/100](420); p/100 = 70/420 ='7/42 = 1/6; p = (0.1666...)100 =
16.666...%.
2. The juestion is, “What is 40% of 240?" and may be solved by using a
table ard unit rate.
people 240 29
Jercent 100 40

The un't rate is 2.4 people/1 percent.

Using cimensional analysis,

(240pe )ple /100%) x 40% = [(240)(40)] = 96 people
100

One approach to the solution would
be to use the table to determine the
_unit rate. :
Liters 360 ‘N

Percent 20 100

The unit rate is 4 liters per 1 percent
(360 liters for every 90 percent). Then,
using dimensional analysis,

[4 liters/ 1 %] x 100% = 400 liters.
Another approach would be to use the
relationship 360 liters = 90/100 x N.
4. a. To show 120 % of this bar:

0% 100% 120%
0 60mg ??

One possible method for solution is
to find the unit rate and its related
eguation. The rate is 60 mg for every
100 percent.
y=60x y=60 » 120=72

100 100
So the tablet conains 72 mg of the
mineral.

TEXTE AMS Rethinking Middle School Mathematics: Proportionality
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Activity 3

Solve each problem using a) Benchmarks, b) Dimensional Analysis, and c) Equation
Method.

1. The percent bar has been marked to answer the question, “What percent of 420 is
707" Find the value for N. Explain your reasoning.

e b 100%

— $420

. What question is this percent bar a model of?

A
N1

0% 7 . A ‘ 100%

” : N 240 people
. Find N. Explain your reasoning.

rT

3. 2. What question is this percent bar a model for?

0% : 90% 100%

0 360 liters N
b. Find N. Explain your reasoning.

4.} certain tablet contains 120% of the recommended daily requirement of a neces-

sary mineral. If the recommended daily requirement is 60 mg, how much of the min-
eral does the tablet contain?

a. Use the percent bar model to help solve the problem by showing 120% of this bar.
0% 100%

0

b. Solve the problem.

TEXTE/\MS Rethinking Middie School Mathematics: Proportionality Activity-287




Reflect and Apply

Unit IX

Percent Bar Matching Cards
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Unit IX: Reflect and Apply

Percent Bar Matching Cards
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Percent Bar Matching Cards

ol
32 o o © =2
&~ (=) c @©
8 ~ o < o o
~— 5 - -
=
o
To) " - )
= i = <
i o © o =] -l © o
(=]
.= -
o
2 =4 = z R
o bd
p-d < S o
= <t
=
2
& &
gL e o & o (o]
¥
o o

TEXTE:AMS Rethinking Middle School Mathematics: Proportionality Activity-302



