FACILITATING LESSON

It’s a Lot of Work!

How does taking a
sample help in
predicting?

/

Synopsis

This lesson extends the notion of rate, drawing attention to the capacity of ratios
to help extrapolate from smaller amounts to larger ones. Students use ratios to
predict how long it will take to perform a larger task based on the time it took to
conduct a small portion of that task. They explore how the underlying ratio
between the two quantities in the small sample guides estimation for larger
quantities.

1. The class discusses ways to predict how long it will take to complete tasks at
work or home.

2. In teams, students estimate how long it will take to accomplish three tasks
based on the time it takes them to do a portion of each task.

3. After all estimates are displayed and methods discussed, the class agrees on a
final estimated time it would take to complete all three tasks of the
assignment.

4. The class lists advantages for performing the sample task more than once.

Objectives

+ Conduct and describe a sample of work over a period of time

+ Use the sample to make a prediction for a larger amount by reasoning with
equal ratios
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Materials/Prep

You will need to set up three kinds of stations before the class begins. If the class is
large, set up multiples of each station.

Station 1

Stuffing Envelopes: a pile of 8 1/2” X 11” paper (about 10 sheets per group)
and about 10 envelopes. Fold one in a trifold and stuff it in the envelope as
an example.

Station 2

Potato Salad: one medium size potato (weighing about 1/2 Ib.) for each team
that will use this station and a potato peeler.

Station 3

Rolling Pennies: a jar of pennies—no more than 200—and a few empty
penny rolls.

Prepare the following chart on newsprint, an overhead, or on the board:

Time Estimates

Task
Team 1 Team 2 Team 3

1. Folding and stuffing 1,000 envelopes

2. Peeling 50 Ibs. of potatoes

3. Rolling 10,000 pennies

Total Time

Opening Discussion

Open the class by asking students to share their methods for estimating how much
time it takes them to complete tasks at work or home. They might use experience
as their guide and say something such as,

“I always know it’s going to take me half an hour to answer my e-mail.”

“Twenty minutes to make my children’s lunches everyday.”

Or they might say that it depends on what the work load is that day. For example,
if there are 10 people for dinner, it takes longer to wash the dishes than if only
four people have had dinner. If students bring up this issue, ask:

) How canyou figure out how much longer the task would take?

Ask if anyone has had a job where they had to make predictions about how long it
would take to complete a large amount of work. Listen for sampling (“In
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housekeeping, I know it takes me about 45 minutes to clean a room, so I should be
able to do 10 rooms a day.”).

Explain that today they are going to take sample rates of work in order to predict
how long bigger tasks would take.

@ Activity: How Long Will It Take?

Have students read silently or aloud Activity: How Long Will It Take? (Student
Book, p. 24).

Teams Travel to the Stations

Break the class up into teams of two to four. Each group needs to start at a
different station, but all groups travel to each of the three stations before they
are done.

Remind teams that they have 40 minutes to come up with a decision on how long
the volunteer job would probably take, and they need to have at least two ways to
verify their estimates.

They should complete pp. 25-28 (Student Book).

As you circulate, notice strategies. The numbers may get unwieldy, so encourage
students to make the numbers friendlier by rounding or changing time units.

Ask teams to post their estimates for each of the jobs on a table you have prepared.

Pulling the Class Together

Pull the class together to comment on the strategies used to arrive at their answers
and the range of answers that were determined.

Ask for a few sharings, such as these:

How did Team 2 arrive at the time it would take to fold the flyers and stuff the
envelopes?

Could you show that another way with a picture or equal fractions?
Now ask for people to comment on the range of answers:

Where are we most in agreement?

What sample rates did teams use?

What can you say about those rates?

Where is the biggest discrepancy?

Next ask people to consider:

If we needed to agree on one estimate for each job, what do you think that
would be?
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This could force the issue of averaging, or students might use other strategies. For
example, the class might pick the most common estimate (mode) or the center
estimate (median). They may need to think about what to do if there is one
estimate that is very different from the rest of the class’s estimates.

Summary Discussion
Ask:

How did ratios help you predict the time to complete
a large task?

How would you predict the time needed to stuff 100,000
envelopes? To peel 250 pounds of potatoes?

§ Proportion

What are other situations where sampling and figuring out
ratios for a smaller task or a shorter time period might help?

D0 0 D

Some people say that it is always good to sample more than once. What do you
think the advantages and disadvantages are of doing so?

Then suggest that students think about what they have learned today by
responding in the Reflections section (Student Book, pp. 141-144).

Heads Up!

Save the class chart of predictions. You will refer to it again in Lesson 7, when students do
yet another type of sampling.

Heads Up!

There is a lot of prep needed for the next lesson. Take a look at the list of materials for
Lesson 3 now so you have time to gather all the supplies.

30

@ Practice

Time to Be Proportional, p. 29
Provides practice using mental math for converting between units of time.

Wasting Water, p. 30
Gives students further practice taking samples, then predicting for larger amounts.

Typing Tests, p. 31
Offers another opportunity to predict from a sample and to compare rates.

Who Is the Fastest? p. 32
Oftfers practice comparing rates of speed.
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%% Test Practice
Test Practice, p. 33

e Looking Closely

Observe whether students are able to

Conduct and describe a sample of work over a period of time

Do students know how to take a sample? Do they consider what sample size might
be reasonable? Allow students to determine for themselves how to take a sample.
They should be able to figure out their sample size or the length of time they

want to sample. Provide as little direction as possible, but offer guiding questions
as needed.

Once students take a sample, listen actively as they figure out how to articulate
their rate. For example, do they try to find how many potatoes are peeled in one
minute? Or do they time how long it takes to peel one potato? Or do they settle on
a rate with multiple minutes or potatoes? See Lesson 2 in Action, p. 35, for one way
students struggled with setting a sample rate.

Use the sample to make a prediction for a larger amount by
reasoning with equal ratios

Are students able to see how ratios can be used to predict for larger samples?
Students should be encouraged to use pictures or to look for simple patterns from
which to build to larger amounts. If the numbers are too unwieldy, encourage
students to round to the nearest whole number or to work with seconds instead of
parts of minutes.

What tools do students use to go from their sample rate to the larger numbers?

In Lesson 1, students used pictures and/or a mathematical property of equal
ratios—multiplying both amounts by the same number—to keep the rates or ratios
equal. Another tool you or students might introduce is a table. In Lesson 2 in Action,
p. 36, a table seemed to illuminate the relationship between seconds and minutes.
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LESSON 2 COMMENTARY

Rationale

Estimating and making predictions from small tasks are integral to planning and
accomplishing large tasks. In addition, businesses use sampling techniques to
predict the quality of their products and services, as well as to estimate the
quantities needed.

Math Background

The ratio of the quantity of work done to the amount of time required is assumed
to be constant in the situations at the stations. In this second lesson, students keep
the rate constant. Their pictures, tables, or the property of equal fractions should

reflect this. As in Lesson 1, the central mathematical ideas of Lesson 2 are as follows:

1. The multiplicative relationship between the amount of work done and the
amount of time is always the same. In other words, the relationship within
the ratio remains constant.

For example, when

1 potato _ 2 potatoes 3 potatoes 90 potatoes

= = >

40 sec. 80 sec. 120 sec. 3,600 sec.

the number of seconds is always forty times the number of potatoes.

2. An equivalent rate or ratio occurs when both amounts of the ratio are
multiplied by the same number. Thus the relationship between any two equal
ratios can be seen as a multiplication of both amounts by the same number
to get from one to the other.

Rates often have to do with situations where the time varies with another variable,
but all rates are not constant. When a person gets more experienced at a given
task, his or her rate might speed up; or if the person is tired at the end of the day,
his or her rate might decrease. Mathematically, situations where the rate changes
do not lend themselves to proportional reasoning.

It is important to know that the term “sample” is not used in the statistical sense
in this lesson, but in the everyday sense of sample—a portion, part, or segment.

Context

Just as in the first lesson, a familiar context is at the core of this activity. Time is
money, especially for piece work. Although the tasks in this lesson are set in a
volunteer context, students may have had jobs where they were paid by the unit of
work completed or where they have been expected to complete a given number of
tasks in a certain period of time.
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Facilitation

This activity should be as student-focused as possible. Listen and allow teams of
students to struggle among themselves to figure out how to address the challenges
before them. Be sure to have calculators and manipulatives handy, but allow
students to figure out for themselves the strategies they are going to use.
Encourage mental math.

Do not push for students to establish unit rate, especially if the numbers are
unwieldy. As noted in Lesson 2 in Action, p. 35, students tried to come up with a
unit rate (1 potato = 40 seconds or 0.667 minutes). This was uncomfortable for
them, so they established a more comfortable ratio (3 potatoes = 2 minutes).
Consider whether the unit rate is actually going to clarify the situation for
students before suggesting that they use it.

Making the Lesson Easier

If students find that they have chosen unwieldy numbers in their sample, you may
want to stop them before they get too far with building on their ratio. Suggest that
they round their ratio so that the numbers are friendlier. For example, in one class,
the students predicted that it would take 65 seconds to stuff 6 envelopes. Even
though many teachers would suggest rounding 65 to 70, it made more sense for
students to round to 60 (because 60 is 10 times 6). This rounding helps students
deal more readily with the process of building to larger ratios, yet doesn’t impact
the integrity of the sample.

Making the Lesson Harder

Ask students to make predictions for a given amount of time (as opposed to a
given number of envelopes or potatoes peeled): “So, if someone did this for two
days, taking into account eight hours of time set aside to sleep, how many potatoes
could he or she peel?”

Ask students to revisit their initial sampling rates to see how changing the time
unit would affect the outcome. For example, if a group begins with peeling one
potato in 40 seconds, what would that time be in minutes? (2/3 min.)

1 potato _ 2 potatoes
2/3 min. 11/3 min.
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LESSON 2 IN ACTION

Students take various routes as they negotiate through the stations. The size of the
sample and the way they build up from that sample to larger amounts is their choice,
as is their selection of a second strategy. There is a lot of room to “play with the
numbers,” and if they get muddled in the numbers, it is important to seek other
strategies, such as creating a table. Here is one teacher’s description of how two
women, Carla and Maya, worked together and of the teacher’s interventions.

4 N

According to their timed observation, it took 40 seconds to peel one potato.
Maya grabbed a calculator to determine how many seconds it would take to
peel 100, while Carla began her calculations using pencil and paper. They
agreed that it would take 4,000 seconds.

I listened as they both tried different types of calculations. They divided 40
into 60 and got 1.5. They then tried [dividing] 60 into 40 and got 0.667.
They didn’t like either number, but they thought 0.667 was particularly
useless. They divided 100 into 20 and got 0.2, which they thought might give
them the number of minutes left “to do the rest of the chores [stations].”
They didn’t like 0.2; they felt it wasn’t the right answer.

After the students had made many false starts, I finally decided that we might
try to make a chart up on the board. Because Carla had been developing a
vertical chart, we continued with her format. We started building up seconds
and potatoes, actually adding on 40 seconds for every new potato.

Potatoes Seconds
1 40
2 80
3 120

When we got to 3 potatoes and 120 seconds (40 x 3), Carla realized that there
were 2 minutes in 120 seconds. This was a nice breakthrough for the pair.

continued on next page

. /

EMPowerm™ Facilitating Lesson 2: It's a Lot of Work! 35

© Adult Numeracy Center at TERC. Permission is granted for classroom use only. This material may not be otherwise copied nor be
posted or distributed in any format, in print or online. Please direct any questions to adultnumeracy@terc.edu.



4 N

continued from previous page

Because I wanted them to see this in fraction form as well, I suggested setting
up the ratio (fraction form) of 3 potatoes to 2 minutes, and we worked
together to get to 12 potatoes in 8 minutes. Maya could readily see the
pattern and started doubling each amount in her head. She suggested that
the next ratio would be 24 to 16. Maya and Carla worked together, mostly
doubling, but also combining.

Potatoes T Secowds

ot 12 pot
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2 wmin_ 4 min & wmin

24 pot 4% poj_— 96 pot
16 wmin 32 win ¢4 min

99 potentoes
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Building this way, they were able to get to 99 potatoes in 66 minutes. They
knew this was close to 100 potatoes, so I asked what would happen to the
time if they added one more potato. They agreed that it would add another
40 seconds on to the 66 minutes, for a total of almost 67 minutes. I then
asked how many hours 66 or 67 minutes would represent. Carla estimated
that it would take “1 hour and 6 minutes.”

I would say that my role as a teacher was to encourage the two women to stay
as close to the real situation as they could, visualizing the balance between
potatoes and minutes. Their scramble for numbers on the calculator seemed
to disconnect them from the meaning.

Donna Curry
Bailey Evening School, Bath, Maine

- /
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LESSON

It’s a Lot of Work!

How does taking a
sample help in
predicting?

/

We often take a sample—a portion or piece—to understand
something about the bigger picture. For example, to find out what
percent of American households have dogs, you could poll a small
number of people and then use proportional reasoning to estimate how
many dogs there are in the total number of U.S. households. In this
lesson, you will conduct a sample of work to predict. Use the idea of
keeping ratios equal to predict for larger amounts.
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Activity: How Long Will It Take?

You offered to help at a community event and said you were willing to
volunteer about four or five hours of your time. The coordinator took
you up on your offer and assigned you the following jobs:

+ Stuffing 1,000 flyers
+ Peeling 50 pounds of potatoes for a huge potato salad
+ Rolling 10,000 pennies from the penny-toss

You think these jobs are going to take a lot more time than the four or
five hours you offered, but you would like to get a better idea of exactly
how much time these jobs will take.

To get a good estimate of how much time these jobs require, you
conduct a sample of each activity and use the property of equal fractions
to figure out the time needed for the total job. How long do you estimate
the assignment will take?

Work with your team to answer the questions for the activity at each station.
+ Take a sample of how long it takes to do a part of the job.

+ Use the sample rate to predict the time needed to complete the
whole job. Show your reasoning.

* Be sure that everyone on your team can explain how the prediction
was made. (This might require more than one strategy to explain
the team’s reasoning.)
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Station 1. Stuffing Envelopes

How long would it take somebody to fold
these flyers and stuff them into 1,000
envelopes? (Someone else will close,
address, and stamp the envelopes.)

1. The sample we did and what we found out:

2. The method we used for figuring out how much time it would take
to finish the job:

3. Our final estimate:

4. How we checked that the ratios are equal:
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Station 2. Potato Salad

How long would it take somone to peel 50 pounds
of potatoes?

1. The sample we did:

2. The method we used for figuring out how much time it would take
to finish the job:

3. Our final estimate:

4. How we checked that the ratios are equal:
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Station 3. Rolling Pennies
How long would it take somebody to roll 10,000 pennies?

1. The sample we did:

2. The method we used for figuring out how much time it would take
to finish the job:

3. Our final estimate:

4. How we checked that the ratios are equal:
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Summary
1.

Tasks Our Time Estimate

Folding and stuffing 1,000
envelopes

Peeling 50 Ibs. of potatoes

Rolling 10,000 pennies

Total Time

2. Compare your time estimates with the time estimates from
other teams.

What would you say is a good estimate of time? Why?
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Practice: Time to Be Proportional

Time is proportional. There are 60 seconds in one minute, every 60
minutes is one hour, and every 24 hours is one day. See how quickly
you can figure out the missing numbers in these time-related ratios.
Do the math in your head, using what you know about the rule of
equal fractions.

1. 24 hours

1 day 3 days

2. 60 minutes _ 180 minutes
1 hours

el

48 hours 72 hours

days days

4. 120seconds _ 3,600 seconds

minutes minutes
5. 2minutes _ 4 minutes
seconds
6. 12hours _
days 2 days

7. Choose one of the proportions above and use a diagram to check
your answer.
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Practice: Wasting Water

How much water does a dripping faucet waste in a
year? That is an important question as we become
more and more concerned about limited resources
such as clean water.

Try an experiment: Take three samples of faucets dripping in your own
home. Predict how much water would drip from those three faucets
together in a year. If you do not have dripping faucets, turn your faucet
on to drip a bit for the purposes of the experiment.

1. How I chose my samples:

2. Drip samples:
Sample 1:

Sample 2:

Sample 3:

3. Explain your answer and the way that you figured it out.

Think!

There are 60 minutes in an hour. How many minutes are there in a day?
How many days in a year?
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Practice: Typing Tests

Over time, some people get better at skills while others do not. Below are
four consecutive monthly typing test results for Kayla.

Minutes per Page
Month Words Typed Minutes (250 words)
January 100 5
February 125 5
March 200 8
April 100 2

1. Complete the last column in the chart above. Use the results for
each test to predict how long it would have taken Kayla to type a
page at this rate.

2. Tell the story of what happened to Kayla’s typing skills over time.
Include the number of words per minute during the time when she
was the slowest. Also tell how many words per minute she typed at
her fastest speed.

3. Use a diagram or the property of equal fractions to show whether
Kayla’s typing speed is the same for any two months.
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Practice: Who Is the Fastest?

Several bikers have been chatting about their best race times. Each has
won a race, although they have never competed against one another.

Each is claiming that he is the fastest biker. Look at their best times and
then determine which of the racers is actually the fastest.

Race Length
Biker (in miles) Best TIme
Drake 50 2 hr. 30 min.
Leon 45 2 hr.
Denton 100 4 hr.

1. List the bikers from slowest to fastest. Give each of their speeds in
miles per hour.

2. Show by diagram or the property of equal fractions why their rates
are not the same.
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ﬁ]@ Test Practice
QY

1. It took Jai 30 minutes to roll 100 of his 1,000
newspapers. At this rate, how long would it take
him to roll all of them?

(1) 5hours

(2) 30 hours

(3) 50 minutes
(4) 100 minutes
(5) 3,000 minutes

2. A stamping machine can stamp 500 letters in
3 minutes. At this rate, how long would it take
the machine to stamp 10,000 letters?

(1) 6 minutes
(2) 50 minutes
(3) 60 minutes
(4) 1,500 minutes
(5) 30,000 minutes

3. It took Marie 30 minutes to paint faces on
4 jack-o-lanterns. Which rate below is the same
as Marie’s?

(1) 2 hours to paint 12 faces
(2) 4 hours to paint 30 faces
(3) 5 hours to paint 20 faces
(4) 75 minutes to paint 10 faces

(5) 400 minutes to paint 30 faces

EMPowerm™

. A printing machine can print 250 business cards

in 2 minutes. At this rate, how many cards can it
print in 5 minutes?

(1) 100
(2) 500
(3) 625
(4) 1,250
(5) 2,500

. A bread slicer can slice 50 loaves of bread in

10 minutes. At this rate, how many loaves can it
slice in 2 minutes?

(1) 2
) 5
(3) 10
(4) 25
(5) 100

. Johan lays bricks for patios. On average, he can

lay 50 bricks in an hour. At this rate, how many
hours would it take it to lay a patio that will need
275 bricks?
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