












1.41.31.1 1.2

The Ocean Bike Tours business partners think their customers could 
ride between 60 and 90 miles in a day. Using that guideline, a map, 
and campground information, they plan a three-day tour route. 
The business partners also plan for rest stops and visits to interesting 
places. To finalize plans, they need to answer one more question:

•	 How are the cyclists’ speed and distance likely to change throughout 
a day?

An answer to that question could only come from a test ride. Because this 
is difficult to do in school, you can get some ideas by doing a jumping jack 
experiment. This experiment will test your own physical fitness.

Getting Ready to Ride
Data Tables and Graphs1.1

Sidney, Celia, Liz, Malcolm, and Theo heard about the RAGBRAI. The 
five college students decide to operate bicycle tours as a summer business. 
They choose a route along the ocean from Atlantic City, New Jersey, to 
Colonial Williamsburg, Virginia. The students name their new business 
Ocean Bike Tours.
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1.41.31.1 1.2

A Do the jumping jack fitness test with help from a timer, a counter, and a 
recorder. Enter the total number of jumping jacks after every 10 seconds in 
a data table:

B Record your data on a copy of the coordinate grid shown below.
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Jumping Jack Experiment

…30 40 50 60 7020100Time (seconds)

Total Number of
Jumping Jacks

1.1Problem

In this experiment, there are two quantities involved, the number of 
jumping jacks and time. The number of jumping jacks changes over time.

Suppose you did jumping jacks as fast as possible for a 2-minute 
test period. 

•	 How many jumping jacks do you think you could complete in 
2 minutes?

•	 How do you think your jumping jack rate would change over the 
2-minute test?

continued on the next page >
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1.41.31.1 1.2

C How did the jumping jack rate (number per second) change over time?

 1. How is the change over time shown in the data table?

 2. How is the change over time shown in the graph?

D Use your jumping jack data. What can you say about the cyclists’ speed 
during the Ocean Bike Tours ride?

E One group said, “Our jumper did 8 jumping jacks for every 10 seconds.”

 1. a.  Copy and complete the table to show results if a student jumped 
at a steady pace matching that ratio over 60 seconds.

Jumping Jack Experiment

50 60

44

30

28

40

36

2015

12

 

20

10

8

0Time (seconds)

Total Number of
Jumping Jacks

■■ ■ ■ ■ ■

■ ■ ■ ■

  b.  Plot the points corresponding to the (time, jumping jack total) pairs 
in the table on a coordinate grid. Describe the pattern you see.

 2. a.  Another group’s jumper did 4 jumping jacks for every 6 seconds. 
Copy and complete the table to show results if a student jumped 
at a steady pace matching that ratio over 30 seconds.

Jumping Jack Experiment

10 12

301296

4

Time (seconds)

Total Number of
Jumping Jacks

0

■ ■ ■

■ ■

■

  b.  Plot the points corresponding to the (time, jumping jack total) pairs 
in the table on a coordinate grid. Describe the pattern you see. 
Compare the table and graph patterns in parts (1) and (2). 

1.1Problem continued

Homework starts on page 20.
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1.41.31.1 1.2

In the jumping jack experiment, the number of jumping jacks and time 
are variables. A variable is a quantity that may take on different values. 
One way in which values of real-life variables may change is with the  
passage of time. You saw this in the jumping jack experiment. 
The number of jumping jacks changes based on the elapsed time. 

The jumping jack experiment gives some ideas about what cyclists might 
expect on a daylong trip. To be more confident, the Ocean Bike Tours 
business partners decide to test their bike tour route. 

The cyclists begin their bike tour in Atlantic City, New Jersey, and ride 
south to Cape May.

D
elaw

are 

Virginia

Pennsylvania

Maryland

Williamsburg, 
Virginia

Chincoteague Island, 
Virginia

Lewes, 
Delaware

Cape May, 
New Jersey

Atlantic City, 
New Jersey

From Atlantic City to Lewes
Time, Rate, and Distance1.2
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1.41.31.1 1.2

Sidney follows the cyclists in a van with a trailer for camping gear and 
bicycles. Every half-hour, he records in a table the distances the cyclists 
have traveled from Atlantic City. 

Atlantic City to Cape May

Distance (mi)Time (h)
0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

0

8

15

19

25

27

34

31

38

40

45
  

•	 As time increases, how does the distance change?

From Cape May, the cyclists and the van take a ferry across Delaware Bay 
to Lewes (LOO-is), Delaware. They camp that night in a state park along 
the ocean. 

The business partners examine Sidney’s (time, distance) data. They hope 
to find patterns that might help them improve the Ocean Bike Tours route 
and schedule. First, they have to answer this question:

•	 What story does the pattern in the table tell?

Variables and Patterns12



1.41.31.1 1.2

A 1. Plot the (time, distance) data pairs on a coordinate grid.

 2. What interesting patterns do you see in the (time, distance) data?

 3. Explain how the patterns are shown in the table. 

 4. Explain how the patterns are shown on the graph.

B 1. At what times in the trip were the cyclists traveling fastest? 
At what times were they traveling slowest?

2. Explain how your answer is shown in the table.

 3. Explain how your answer is shown by the pattern of points 
on the graph. 

C Connecting the points on a graph can help you see patterns more clearly. 
It also helps you consider what is happening in the intervals between the 
points. Different ways of connecting the given data points tell different 
stories about what happens between the points.

 Consider the data (4.5, 40) and (5.0, 45) from the first day of the Ocean Bike 
Tours trip. Here are five different ways to connect the graph points on the 
plot of (time, distance). 

I II III IV V

Match the given connecting paths to these travel stories.

1. Celia rode slowly at first and gradually increased her speed.

 2. Theo rode quickly and reached the Cape May ferry dock early.

 3. Malcolm had to fix a flat tire, so he started after the others.

 4. Tony and Sarah started off fast. They soon felt tired and slowed down.

 5.  Liz pedaled at a steady pace throughout this part of the trip.

D What are the advantages and disadvantages of tables or graphs to represent 
a pattern of change?

1.2Problem

Homework starts on page 20.
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1.41.31.1 1.2

On the second day of the bike tour test run, the team leaves Lewes, 
Delaware, and rides through Ocean City, Maryland. The team stops on 
Chincoteague (SHING kuh teeg) Island, Virginia. Chincoteague Island is 
famous for its annual pony auction. Here, the team camps for the night.

From Lewes to Chincoteague Island
Stories, Tables, and Graphs1.3

Assateague (A suh teeg) Island is home to herds of wild ponies. 
The island has a harsh environment of ocean beaches, sand dunes, 
and marshes. To survive, these sturdy ponies eat salt marsh grasses, 
seaweed, and even poison ivy.

To keep the population of ponies under control, an auction is held every 
summer. During the famous “Pony Swim,” the ponies for sale swim across a 
quarter mile of water to Chincoteague Island.

Did You Know?

Variables and Patterns14



1.41.31.1 1.2

Malcolm and Liz drove the tour van on the way from Lewes to Chincoteague. 
They forgot to record time and distance data. Fortunately, they wrote some 
notes about the trip.

Entry 1: We started at 8:00 ..
and rode against a strong wind until 
our midmorning break.

Entry 2: About midmorning, the wind 
shifted to our backs.

Entry 3: Around noon, we stopped 
for BBQ lunch and rested for about 
an hour. By this time we had traveled 
about halfway to Chinoteague.

Entry 4: Around 2:00 .., we
stopped for a brief swim in
the ocean.

Entry 5: At about 4:00 .., all of 
the riders were tired. There were 
no bike lanes. So we packed the 
bikes in the trailer and rode in 
the van to our campsite in 
Chincoteague. We took 9 hours to 
complete today’s 80-mile trip.

All Entries

Edit 

TripJournal June
7 

A Make a table of (time, distance) values to match the story told in Malcolm 
and Liz’s notes.

B Sketch a coordinate graph that shows the information in the table.  
Does it make sense to connect the points on the graph? 
Explain your reasoning.

C Explain how the entries in your table and graph illustrate the trip notes.

D Which representation of the data (table, graph, or written notes) best shows 
the pattern of change in distance over time? Explain. 

1.3Problem

Homework starts on page 20.
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1.41.31.1 1.2

Malcolm noticed that, on Day 1, the cyclists sometimes went very fast 
or very slow in any given hour. He also noticed that the cyclists covered 
45 miles in 5 hours.

Atlantic City to Cape May

Time (h)

Distance (mi)

0

0

0.5

8

1.0

15

1.5

19

2.0

25

2.5

27

3.0

34

3.5

31

4.5

40

5.0

45

4.0

38

•	 Malcolm claims that, on average, the cyclists covered 9 miles per hour. 
Is he correct?

•	 Did the cyclists actually cover 9 miles per hour in any one hour on 
Day 1? Explain.

The average speed per day is the rate in miles per hour for that day. 
Malcolm was curious to know what the average speed for Day 3 would be. 

On the third day of the bike tour test run, the team travels from its campsite 
on Chincoteague Island to Williamsburg, Virginia. Here, they visit the 
restored colonial capital city.

Williamsburg, 
Virginia

Chincoteague Island, 
Virginia

From Chincoteague to Colonial 
Williamsburg
Average Speed

1.4
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1.41.31.1 1.2

Williamsburg was the political, cultural, and educational center of Virginia 
from 1699 to 1780. Virginia was the largest, most populous, and most 
influential of the American colonies. 

Near the end of the Revolutionary War, the capital of Virginia was moved to 
Richmond. For nearly 150 years afterward, Williamsburg was a quiet town.

Then, in 1926, a movement began to restore and preserve the city’s historic 
buildings. Today, Williamsburg is a very popular tourist destination. 

Did You Know?

Investigation 1 Variables, Tables, and Graphs 17



1.41.31.1 1.2

Malcolm drove and Sarah rode in the tour van on the way from 
Chincoteague to Williamsburg. They made a graph showing the 
cyclists’ progress each hour.

Chincoteague to Williamsburg

Time (hours)
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•	 Describe some interesting patterns that you see in the graph.
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1.41.31.1 1.2

A Make a table of the (time, distance) value pairs shown in the graph.  

1. What does the point with coordinates (3, 25) tell about the 
cyclists’ progress?

2. Which points on the graph have coordinates (9, 60) and (10, 110)? 
What do those coordinates tell about the cyclists’ time, distance, and 
speed on Day 3?

3. What was the cyclists’ average speed in miles per hour for the trip? 
How can you find this from the graph? From the table? 

B The team has to cross the Chesapeake Bay Bridge and Tunnel. Then, they 
travel on an interstate highway from Norfolk to Williamsburg. So, the team 
bikes for only the first part of the trip. 

1. Based on the graph and your table, when did the team put its bikes 
on the trailer and begin riding in the van?

2. What was the team’s average speed for trip time completed on bikes?

3. What was the team’s average speed for trip time completed in the van?

4. How are differences in travel speed shown in the graph?

C A very strong cyclist makes the trip from Chincoteague to Williamsburg 
in 8 hours pedaling at a constant speed.

1. At what speed did the cyclist travel? 

2. Describe the graph of (time, distance) data for the trip. 

1.4Problem

Homework starts on page 20.
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2.42.32.1 2.2

The tour operators decide to rent bicycles for their customers. 
They get information from two bike shops. Rocky’s Cycle 
Center sends a table of rental fees for bikes.

Number of Bikes

Rental Cost ($)

5

400

10

535

15

655

20

770

25

875

30

975

35

1,070

40

1,140

45

1,180

50

1,200

Bike Rental at Rocky’s

Adrian’s Bike Shop sends a graph of their rental prices. The number of 
bikes rented is called the independent variable. The rental cost is called 
the dependent variable, because the rental cost depends on the number 
of bikes rented.

Number of Bikes

Adrian’s Weekly Rental
Rates for Bikes

R
en

ta
l F

ee

$0

$400

$800

$1,200

$1,600

0 10 20 30 40 50

Graphs usually have the independent variable on the x-axis and the 
dependent variable on the y-axis. 

The Ocean Bike Tour partners need to choose a bike rental shop. 
Suppose that they ask for your advice.

•	 Which shop would you recommend?

•	 How would you justify your choice?

 Rocky’s 
 Cycle

Center

Renting Bicycles
Independent and Dependent Variables2.1

Adrian’s
Bike
Shop
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2.42.32.1 2.2

Use entries in the table and the graph to answer the following 
comparison questions.

A What are the costs of renting from Rocky and Adrian if the tour needs 
20 bikes? 40 bikes? 32 bikes?

B About how many bikes can be rented from Rocky or Adrian in the  
following cases?

1. A group has +900 to spend.

2. A group has +400 to spend.

C You want to see how rental cost is related to number of bikes.

1. What pattern do you see in the table from Rocky’s Cycle Center?

2. What pattern do you see in the graph from Adrian’s Bike Shop?

D How can you predict rental costs for numbers of bikes that are not shown by 
entries in the table or points on the graph? 

E What information about bike rental costs was easier to get from the table 
and what from the graph? 

F Which data format is most useful?

2.1Problem

Homework starts on page 50.
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2.42.32.1 2. 2

The tour operators  have planned a route and chosen a bike rental shop. 
The next task is to figure out a price to charge for the tour. They want the 
price low enough to attract customers. They also want it high enough to 
have income that is greater than their expenses. That way their business 
makes a profit.

The partners conduct a survey to help set the price. They ask people 
who have taken other bicycle tours what they would pay for the planned 
bike tour. 

Tour Price

Number of Customers

$100

40

$150

35

$200

30

$250

25

$300

20

$350

15

$400

10

$450

5

$500

0

Prices That Customers Would Pay

Look carefully at the data relating price and number of customers.

OCEAN

BIKE

TOURS

How do you think our tour income will 
be related to our tour price?
What price should we charge?
How do we justify our decision?.

.

.

Finding Customers
Linear and Nonlinear Patterns2.2
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2.42.32.1 2.2

Homework starts on page 50.

The following questions can help you choose a tour price.

A 1. Make a graph of the data relating price and number of customers. 
Which is the independent variable? Which is the dependent variable? 
Explain how you know.  

2. How does the number of customers change as the price increases?

3. How is the change in number of customers shown in the table? 
How is the change shown by the graph?

4. How would you estimate the number of customers for a price of +175? 
For a price of +325? 

B 1. The partners need to know what income to expect from the tour. 
They extend the (price, customers) table as shown below. Copy and 
complete the table to find how income would be related to price and 
number of customers.

2. Make a graph of the (price, income) data.

 3. Describe the pattern relating tour income to tour price. Use a 
sentence that begins, “As tour price increases, tour income . . . .” 
Explain why that pattern does or does not make sense.

Tour Price $100 $150 $200 $250 $300 $350 $400 $450 $500

Predicting Tour Income

025

$4,000 ■ ■ ■ ■ ■ ■ ■ ■

35
Number of
Customers

Tour Income

51015203040

2.2Problem
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2.2 2.42.1 2.3

The survey conducted by Ocean Bike Tours showed that income depends 
on the tour price. The partners want to see if they can make any profit 
from their business. As well as income, they have to consider the costs of 
operating the tour. Their research shows that bike rental, camping fees, 
and food will cost +150 per customer. 

The partners want to make a profit. They need to figure out how profit 
depends on the tour price.

If the price is set at $200, we 
expect about 30 customers.

OCEAN

BIKE

TOURS

What income do we expect?.
.
.

What operating cost do we expect?

What price leads to maximum profit?
. What is the profit?

Predicting Profits
Four-Quadrant Graphing2.3

A 1. The table below shows the relationship between profit and price. 
Copy and complete the table.

Tour Price

Number of Customers

Tour Income ($)

Operating Cost ($)

Tour Profit or Loss ($)

$100

40

4,000

6,000

–2,000

$150

35

■

■

■

$200

30

■

■

■

$250

25

■

■

■

$300

20

■

■

■

$350

15

■

■

■

$400

10

■

■

■

$450

5

■

■

■

$500

0

■

■

■

Predicted Tour Profit

2.3Problem

Variables and Patterns44



2.42.22.1 2.3

2.3Problem

2. Celia and Malcolm want a picture of profit prospects for the tour 
business. They need to graph the (price, profit) data. Some of the data 
are negative numbers. Those numbers represent possible losses for 
the tour operation.

The key to graphing data that are negative numbers is to extend the 
x- and y-axis number lines.  Both the x- and y-axes can be extended 
in the negative direction. This gives a grid like the one shown below. 
Use the grid to sketch a graph for the (price, profit) data points 
from the table in part (1). 

O
x

y

O�400 �200 200 400 600

�4000

�2000

2000

4000
y

3. a.  Describe the pattern in the table in part (1) and the graph 
in part (2).

b. Explain why the pattern occurs.

c.  Think about the analysis of profit predictions. What tour price 
would you suggest? Explain your reasoning. 

continued

continued on the next page >
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2.2 2.42.1 2.3

Homework starts on page 50.

2.3Problem

B In January, the partners thought about offering a winter bike tour. 
They looked at the forecast for the next four days. They wrote down the 
number of degrees above or below each day’s average temperature. 

0

–1

x

y

4

2

3

–5

2

–3

1

5

Degrees Above or Below
Average Temperature

 They did not see any pattern, so they checked the temperatures for the 
previous five days. They compared those temperatures to the average. 
They recorded their data for all nine days in the table below. 

–4

–2

x

y

0

–1

1

5

2

–3

3

–5

4

2

–1

1

–2

–3

–3

4

Degrees Above or Below
Average Temperature

 1. What do the x- and y-values represent?

 2. Plot the pairs of (x, y) values in the table on a coordinate grid. 
Label each point with its coordinates.

 3. Describe the pattern of change that relates the two variables.

C 1. Suppose that you are standing at the point with coordinates (3, 4). 
Tell how you would move on the grid lines to reach the points below.

 a. (-3, 4) b. (-3, -4)  c. (3, -4)

 d. (1.5, -2) e. (-1.5, 2) f. (-2.5, -3.5)

 2. How far would you have to move on the grid lines to travel between 
each pair of points?

 a. (3, 4) to (-3, 4) b. (3, 4) to (3, -4) c. (3, 4) to (-3, -4)

D 1. Jakayla was looking at the points (3, 4), (-3, 4), (-3, -4), and (3, -4). 
She said that the locations of the points with different signs are mirror 
images of each other. Does Jakayla’s conjecture make sense? Explain.

 2. Mitch says this is like a reflection. Does Mitch’s comment make sense? 

continued
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2.32.22.1 2.4

Information about variables is often given by coordinate graphs. 
So, it is important to be good at reading the “story” in a graph. 
Here are some questions to ask when you look at a graph. 

•	 What are the variables?

•	 Do the values of one variable seem to depend on the values of 
the other? 

•	 What does the shape of the graph say about the relationship 
between the variables?

For example, the number of cars in your school’s parking lot changes 
as time passes during a typical school day. Graph 1 and Graph 2 show 
two possibilities for the way the number of parked cars might change 
over time.

Graph 1 Graph 2

•	Describe	the	story	each	graph	tells	about	the	school	parking	lot.

•	Which	graph	shows	the	pattern	you	expect?

•	How	could	you	label	the	graph	you	chose	so	that	someone		
else	would	know	what	it	represents?

What’s the Story?
Interpreting Graphs2.4
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2.32.22.1 2.4

2.4Problem

Questions A–H describe pairs of related variables. 
For each pair, do the following.

•	 Decide what the variables are.

•	 Decide which variable is the dependent variable and which is the 
independent variable. 

•	 Think about what a graph or table of these data would look like. 

•	 Find the graph at the end of the Problem that tells the story of how the 
variables are related. If no graph fits the relationship as you understand it, 
sketch a graph of your own.

•	 Explain what the graph tells about the relationship of the variables.

•	 Give the graph a title.

A The number of students who go on a school trip is related to the price of the 
trip for each student. 

B When a skateboard rider goes down one side of a half-pipe ramp and up the 
other side, her speed changes as time passes.

C The water level changes over time when someone fills a tub, takes a bath, 
and empties the tub.

D The waiting time for a popular ride at an amusement park is related to the 
number of people in the park.
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2.32.22.1 2.4

Homework starts on page 50.

2.4Problem

E The daily profit or loss of an amusement park depends on the number of 
paying customers.

F The number of hours of daylight changes over time as the seasons change.

G The daily profit or loss of an outdoor skating rink depends on the daytime 
high temperature.

H Weekly attendance at a popular movie changes as time passes from the date 
the movie first appears in theaters. 

Graph 3 Graph 4

Graph 5 Graph 6

Graph 7 Graph 8

Graph 1 Graph 2

continued
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E-Learning Path - Step by Step  
Performance Task Instructions 

 
 

Brief Instructions for working through the task: ​Work through each step and submit/ communicate with your 
teacher after completion.  
 
Introduction: ​Review Introduction to understand the 

problem/issue/challenge while working through the task. 
 
Driving Question: Provided in Performance Task :​ ​The driving question provides the context for the task. It 
helps you understand the purpose of the challenge and the​ course topics​ you will be learning about. You will 
answer the question through research and creation of an authentic product(s). 

---------------------------------------- 

1. Set the Stage 
 
Review the ​Career Video. 
A​nswer the ​Guiding​ ​Questions​. 
Complete the reflection. 
 

Guiding Questions Reflection:  
 

● Answer the ​Guiding Questions​ from the Career Video. 
● What examples of course topics and skills are needed to be successful in this field? 
● What questions would you want to ask the person or people featured in this video about their 

work and the problems they solve? 

 

2. Explore the Background 
 
______     Review the Big Ideas & Essential Questions 
 
______ Read, View and Analyze the scenario.  

● Review ​Goal, Role, Audience, Situation 

● Discuss what is important and why; Take notes on your discussion identifying thoughts and 
ideas. 

 

Individual/or SmallGroup Reflection: 
 
Define the task challenge in your own words and why this task challenge is important 

 
Gathering Background Knowledge  
______ Complete ​Constructed Response(s)/Literacy Task  (Optional) 

Submit CR/LT Product to PPM. (Individual/Group Submission Possible) 
 

 



Review the Product and Questioning  (each one would be its own screen) 
______     Read product description 
______     Watch product video 
______     Consider research questions and/or view provided research questions 
 
If creating your own research questions: 
 
The prompt below is meant to develop research questions as part of deciding what you want to learn and need to 
know. Research questions should be created for EACH product and/or the task goal.  

Your team will need to brainstorm questions that will drive your research related to your ROLE, the target 
AUDIENCE and the PRODUCT(s) that you will create. Following the brainstorm session, determine the best 
questions to drive your research. These questions may be adjusted as you conduct the research and learn 
more about what you want to do and accomplish. Be sure to build 2-3 questions for each of the following: 
● understanding the course topics needed 
● the wants/needs of the audience 
● creation of the projects/products 
 

 

3. Do the Research 
 
(Inquiry) Developing questions for research for the task and/or for each product​.   
 
_________Review the research questions you created or review the ones provided in Defined Learning.  

These questions will be used to help guide your research to complete the products for your  
audience. 

 
_________​Determine the research to conduct. This may include ​Learning Objects​, ​Research Resources,  
Constructed Responses/Literacy Tasks​ and/or ​Career​ ​Videos​ in Defined Learning or use research resources provided 

by your teacher.  
 
Your teacher may want you to complete your own research on the topic. 
 
_________Conduct research and create  answers to your questions either individually or as part of a  

group. 

Research Reflection:​ You and/or your team will need to reflect on your research process. Consider the 
following: 
  
● Describe your research process and how you accessed valuable information. 
● How did you decide that the research resources you used were helpful and credible? 
● Choose one resource you used. Discuss how the resource was helpful to you. Explain why you 
chose this example. 
● How did your individual research help prepare the group to create the product? 
 
 

 



4. Design Process & Product Creation​ ​(one of these for each product)  

Brainstorming, Analyzing & Planning  

_______ Review the product description, product video & rubric for the product 

_______ Brainstorming: Based on your group’s analysis of the research, brainstorm  
potential solutions, designs, and recommendations  

 
_______ Analyze/Decide:  Based on your group’s brainstorming - decide on the best ways to move forward and 
create a product that meets the needs of the target audience and addresses the goal of the task. 

_______  Create​ ​the product(s) in which you provide solutions, make recommendations, predictions, inferences, or 
take any other appropriate actions that are required. Make sure that the product(s) meet the needs of the audience.  

_______ Present and/or submit your product(s) to the audience.  Be prepared to support your decisions and the 
products you have developed with evidence to justify and support your findings. 

5. Submit Product to PPM.   

 
_______ Reflect on products based upon self-evaluation, rubric review, audience and/or teacher feedback. Was the 
Goal of the task and any other requirements met?  

_____ Revise your products as needed. 

Re-Submit Product to PPM if Needed.  
 

6. Final Reflection 

 
Final Reflection Questions (The teacher will select the most appropriate questions for reflection) 
 

● What problems did you encounter while you were working on this task? How did you and your 
team solve them? 

● How well did the group work together?  How did you contribute to the group? 
● What did you learn were your greatest strengths? Your biggest areas for improvement? 
● What part of your work are you most proud of? What would you do differently next time?  Why?  
● What course topics  did you use to create your products and solve the issue/challenge? 
● What skills did you use (e.g.,. problem solving, creativity, critical thinking) to work through the 

task and finish the project? 
 

 



Chemical Materials Engineer: Creating a New Portable Water
Bottle
Performance Task

Introduction
Water bottles are used by people of all ages. They are an important way people can
stay hydrated while they are away from home. They also play a critical role in the
hydration of athletes and anyone engaged in physical exercise. As scientific
researchers have investigated the materials used in portable water containers,
concerns have been raised in regard to health and environmental factors. As water
bottle designs continue to be refined, companies are looking for the safest, most
effective water bottle that can be affordable manufactured with minimal impact on the
environment. 

Big Idea / Essential Questions

Big Idea

Matter has observable physical properties and the potential to mix with and form
new materials.
People acting individually and/or as groups influence the environment.

Essential Questions

How do scientists identify and sort materials based on their properties?
How do humans influence the environment?

G.R.A.S.P.

Goal
Your goal is to determine the most appropriate material to use in the development and
marketing of a new portable water bottle for adventure and endurance sports
enthusiasts. In addition to identifying the material, you will help the engineering team
create a new water bottle design and provide information to the marketing team about
it. 

Role
You are part of a team of engineers who must determine which type of material should
be used to produce the new portable drink container that your company will market to
endurance and adventure athletes. Your company is concerned with presenting an
environmentally-friendly image that strongly considers the health and well-being of its
customers through the materials chosen for its design. 

Audience
The audience will be the board of directors for this small company. They will need to



decide the validity of your arguments, and whether or not your design will be
successful in the marketplace. As you present, be sure to clearly explain all scientific
ideas behind the development of the product to help them fully understand the benefits
of your design. 

Situation
Water bottles are utilized by all athletes who need to stay hydrated while performing
their activities. As scientific research has investigated the materials used in portable
water containers, concerns have been raised in regard to health and environmental
factors. You will need to provide a strong understanding of the various materials and
the concerns associated with each. You will need to decide the appropriate material for
your design, and then consider how this material will affect the design, based upon
weight, shape and transparency. This product is critical to the success of this new
company. Your job, and the future of the company, depend upon your decisions and
scientific understanding.

Products

1. Oral Presentation
Develop a 3-5 minute oral presentation that discusses the pros and cons of various
materials that could potentially be utilized to create a new portable water container.
Base this discussion on the chemical make-up of the substances. Provide the scientific
and environmental benefits of each chosen material. Be sure to discuss how this
material can enhance the design of the product and be aesthetically pleasing for people
choosing this bottle.

What are the scientific and environmental benefits of the material you chose?
Why is the water container design valuable for the target audience of consumers?
Why is the design aesthetically pleasing?

Oral Presentation - Chemical Materials Engineer: Creating a New Portable
Water Bottle

Achievement
Levels 1 2 3 4

Informational
Presentation
(x1)

The presentation is
constructed using little
relevant evidence
emphasizing few important
points.

The presentation is
constructed using somewhat
relevant evidence based upon
research and presented in a
coherent manner that
emphasized some important
points.

The presentation is
adequately constructed using
mostly relevant evidence
based upon research and
presented in a coherent
manner emphasizing
important points.

The presentation is
thoroughly constructed using
relevant evidence based upon
research and presented in a
coherent manner
emphasizing important
points.

Synthetic
Materials
(x1)

The product demonstrates
minimal understanding the
impact that the creation of
synthetic materials from
natural resources can have
on society and human health.

The product demonstrates
some understanding the
impact that the creation of
synthetic materials from
natural resources can have on
society and human health.

The product demonstrates
sufficient understanding the
impact that the creation of
synthetic materials from
natural resources can have on
society and human health.

The product demonstrates
strong understanding the
impact that the creation of
synthetic materials from
natural resources can have
on society and human health.

Structure and
Function -
Matter and its
Components
(x1)

The product demonstrates a
limited understanding of the
way material composition
affects a substance's
efficiency, safety, and
viability.

The product demonstrates
some understanding of the
way material composition
affects a product's efficiency,
safety, and viability

The product demonstrates
adequate understanding of
the way material composition
affects a product's efficiency,
safety, and viability.

The product demonstrates
strong understanding of the
way material composition
affects a product's efficiency,
safety, and viability.



Delivery
(x1)

Presenters make little eye
contact and could improve
upon posture and/or volume.

Presenters make some eye
contact, have adequate
posture and volume during
some parts of the
presentation.

Presenter makes eye contact,
has good posture and
adequate volume throughout
most of the presentation.

Presenter makes very good
eye contact, has excellent
posture and volume
throughout the whole
presentation.

Achievement
Levels 1 2 3 4

2. Chart
Create a chart or other visual representation that highlights the important facts for a
variety of potential materials that could be used to make the new water container.
Provide information about how different materials can be shaped and used, their
scientific properties, how they affect the environment, and their possible impact on
society. Your table should provide the reader with a basic understanding of why the
selected material was chosen and how it can benefit society.

What are the physical properties of the materials you are considering?
Can the materials be shaped and used in a variety of different ways?
Are the materials safe for humans?
Are the materials you are considering environmentally safe?

Chart - Chemical Materials Engineer: Creating a New Portable Water Bottle

Achievement
Levels 1 2 3 4

Entering the
Data Into the
Chart
(x1)

Chart is minimally effective in
its development, providing
little information that is
accurate and presented in a
reader-friendly manner.

Chart is partially effective in
its development, providing
information that is somewhat
accurate with a few labels
and explanations.

Chart is sufficiently effective
in its development, providing
information that is mostly
accurate and presented in a
reader-friendly manner with
labels and explanations.

Chart is very effective in its
development, providing
information that is accurate
and presented in a reader-
friendly manner with labels
and clear explanations.

Structure and
Function -
Matter and its
Components
(x1)

Chart demonstrates a limited
understanding of the way
material composition affects
a substance's efficiency,
safety, and viability.

Chart demonstrates some
understanding of the way
material composition affects
a substance's efficiency,
safety, and viability.

Chart demonstrates adequate
understanding of the way
material composition affects a
substance's efficiency, safety,
and viability.

Chart demonstrates strong
understanding of the way
material composition affects
a substance's efficiency,
safety, and viability.

Synthetic
Materials
(x1)

The product demonstrates
minimal understanding of the
impact that the creation of
synthetic materials from
natural resources can have on
society and human health.

The product demonstrates
partial understanding of the
impact that the creation of
synthetic materials from
natural resources can have
on society and human health.

The product demonstrates
adequate understanding of
the impact that the creation
of synthetic materials from
natural resources can have on
society and human health.

The product demonstrates
strong understanding of the
impact that the creation of
synthetic materials from
natural resources can have on
society and human health.

Research and
Accuracy
(x1)

Information presented in the
chart shows that minimal
research was conducted to
provide accurate information
about potential materials.

Information presented in the
chart shows that partial
research was done to provide
accurate information about
potential materials.

Information presented in the
chart shows that sufficient
research was conducted to
provide accurate information
about potential materials.

Information presented in the
chart shows a lot of research
was conducted to provide
accurate information about
potential materials.

3. Scale Drawing
Create a scale drawing of the portable container that your team has designed. Be sure
to provide all dimensions including the volume, length, width, and approximate weight.
These dimensions should be labeled on the drawing along with information about
material(s) and color. 

How is your design similar and different from other designs on the market?
What is the approximate weight of the container and the materials used for the



container?

Scale Drawing - Chemical Materials Engineer: Creating a New Portable Water
Bottle

Achievement
Levels 1 2 3 4

Mathematical
Practices in the
Design Process
(x1)

Product shows little attention
to precision and an attempt
to use mathematical tools in
the design process.

Product shows partial
attention to precision and
some use of mathematical
tools in the design process.

Product shows attention to
precision and adequate use of
mathematical tools in the
design process.

Product shows great attention
to precision and excellent use
of mathematical tools in the
design process.

Drawing Details
(x1)

The drawing is minimally
supported by labels,
measurements, and
attributes necessary to
understand the design.

The drawing is somewhat
supported by labels,
measurements, and
attributes necessary to
understand the design.

The drawing is sufficiently
supported by labels,
measurements, and attributes
necessary to understand the
design.

The drawing is thoroughly
supported by labels,
measurements, and
attributes necessary to
understand the design.

Engineering
Design
(x1)

Product demonstrates little
understanding of the criteria
and constraints of the design
problem with regard to size,
materials, function, and
environmental impact.

Product demonstrates partial
understanding of the criteria
and constraints of the design
problem with regard to size,
materials, function, and
environmental impact.

Product demonstrates
adequate understanding of
the criteria and constraints of
the design problem with
regard to size, materials,
function, and environmental
impact.

Product demonstrates strong
understanding of the criteria
and constraints of the design
problem with regard to size,
materials, function, and
environmental impact.

Structure and
Function -
Matter and it's
Components
(x1)

The product demonstrates
minimal understanding of the
way material composition
affects a product's efficiency,
weight, and viability.

The product demonstrates
some understanding of the
way material composition
affects a product's efficiency,
weight, and viability.

The product demonstrates
adequate understanding of
the way material composition
affects a product's efficiency,
weight, and viability.

The product demonstrates
strong understanding of the
way material composition
affects a product's efficiency,
weight, and viability.
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