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The Engineering Design Project Series was developed to support compatible 
modules by allowing students to design and/or build animal homes, tools, machines, and designs 
of their own creation. Taking between 4-6 sessions, the projects strengthen skills and ideas about 
choosing materials, using tools, working with the limitations of materials, solving problems 
and overall project design.

Project Guide shows teachers how to integrate technology and design skills in a hands-on, 
inquiry format for their students. Through a series of sessions, students develop strong process 
and design skills.

The Project Guide brings teachers up to speed for the science content with the design project 
through “Teacher Background Information” and in-context session notes. Teachers can feel 
comfortable with leading the class—whether they have a long history of teaching science 
and engineering or not.

Each Project Guide focuses on a Big Idea. Through a series of diff erent experiences and 
discussions over  4-6 sessions, students develop a deep understanding of the Big Idea 
by designing a project to demonstrate their understanding. 

Sessions follow a consistent sequence.
Engage – In this section of a session, the teacher introduces the topic. The goal is to  
briefl y generate interest, activate prior knowledge, or link the day’s activities to what   
has come before.

Explore – This is often (but not always) and hands-on exploration conducted in small 
groups.

Refl ect and Discuss – In this important section, the teacher and students discuss what 
they observed, share ideas and data, and refl ect on the day’s activities. This portion of 
session brings the class back to the Big Idea.

You’ll fi nd that while the session format is very consistent, students explore science content, 
engineering principles and the process of “doing science” in a large variety of ways.

You’ll also fi nd that students LOVE the mix of active, 
hands-on, minds-on science. 

Project Guide

Engage
briefl y generate interest, activate prior knowledge, or link the day’s activities to what   
has come before.

Refl ect and Discuss
they observed, share ideas and data, and refl ect on the day’s activities. This portion of 
session brings the class back to the Big Idea.

has come before.

Explore
groups.
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Teacher Background 
information
introduction

Children may not realize it, but when they hop up and down, a 
number of forces affect their motion. With each jump, for example, 
gravity keeps them from floating into the air and brings them back 
to earth. Friction between their shoes and the ground keeps them 
from slipping as they jump. Thrust from their leg muscles propels 
them into the air. 

People and all other moving objects rely on forces to propel them 
on land, in water, and in the air. These moving systems must also 
overcome forces that resist their motion. In this project, students 
learn how gravity, friction, and thrust, as well as the forces of drag 
and lift affect the motion of objects.

Gravity
Gravity is an invisible force of attraction between objects. Every 
object exerts a gravitational force, but the greater an object’s mass, 
the stronger its gravitational pull. Because Earth is so massive, 
objects near its surface are pulled directly downward, toward 
Earth’s center. 

Objects in flight, such as airplanes, birds, blimps, and rockets must 
resist the force of gravity to remain in the air. For objects on level 
ground, the push up of the ground just balances the pull down of 
gravity. Therefore a marble or skateboard on level ground will not 
start to move unless something pushes it. 

However, for a marble or a skateboard placed on a slanted surface, 
some part (or component) of the force of gravity is along the 
slanted surface in the downward direction.  If there is little friction, 
the object will begin to speed up in the direction of this force, 
down the slanted surface. The steeper the surface, the more an 
object rolling down that surface will be affected by the force of 
gravity.
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Friction
Friction is force that is present in varying degrees whenever there 
is motion. Friction is a force that acts to resist the motion of objects 
that touch one another. Sometimes the effects of friction are 
desired in human-made systems. For example, the friction between 
the break pad and a bicycle wheel causes the bicycle to slow 
down when we want it to. On the other hand, sometimes we try to 
minimize friction. For example, the bearings in bicycle wheels are 
designed to reduce the friction between moving parts so that the 
wheels can roll as far as possible.

 

Thrust
Thrust is a force that propels an object in a certain direction. For 
example, as the propeller on the engine of a boat spins, it provides 
thrust that moves the boat forward. Or, the burning fuel provides 
the thrust that enables a rocket ship to move against the force of 
gravity. Or, leg muscles provide the thrust that enables a marathon 
runner to move forward.

Sometimes the term “thrust” is used in a narrower sense to 
describe the forward force on a jet or rocket resulting from the 
backward rush of fuel gases. We are using it more broadly to apply 
to these cases and to other forces that push an object forward. 

Drag
Drag is a type of friction which occurs when an object moves in a 
fluid, such as water, or a gas, such as air. For example, there is not 
only friction between the wheels of a moving car and the road, but 
also there is drag between the air and the car. As the car moves 
ahead, it pushes a hole through the air. As the speed of the car 
increases, the force of drag on the front end of the car continues to 
increase and resists the forward movement of the car. 

9MOVING SYSTEMS DESIGN PROJECT   |   TEaChER baCkGROuND INfORMaTION   |  

T
E

A
C

h
E

r
 B

A
C

k
G

r
O

u
n

D
 

in
F

O
r

M
A

T
iO

n



|   MOVING SYSTEMS DESIGN PROJECT   |   TEaChER baCkGROuND INfORMaTION10

Likewise there is also drag on a free falling object. For example, 
a wadded up piece of paper falls faster to the ground than a full 
sheet of paper. Since the surface area of the full sheet of paper 
is greater than the surface area of the wadded up sheet, the air 
resistance, or drag, on the full sheet is greater than the wadded up 
sheet. This increased drag on the full sheet causes it to fall slower 
than the wadded up sheet.

There is also drag on objects that move through the water. As a 
swimmer strokes with her arms and kicks with her legs, the force of 
drag resists her movement forward through the water.

lift
Lift enables an object to move up into the air or stay up against the 
force of gravity. A bird flaps its wings to lift into the air. Some birds, 
like hawks, take advantage of rising wind currents to move against 
gravity. In human powered flight, people design wings that enable 
an aircraft to lift off the ground. 

The wings on an airplane, or a bird, are shaped such that there is a 
net force that pushes the airplane into the air. As the wing moves 
forward, the air passes above and below the wing. Since the wing 
is curved, the air above the wing passes faster than the air below. 
Faster moving air has a lower pressure than slower moving air. This 
results in a lower pressure above the wing and a higher pressure 
below the wing. The difference in air pressure causes lift. 

Lift
Airfoil

Air flow

Air flow
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Moving Systems 
Design Project
A QuiCk lOOk

Big idea

The forces of gravity, drag, 
friction, lift, and thrust affect 
the motion of objects on 
land, in water, and in air.

Overview
Students recognize the effects of gravity, drag, friction, lift, and 
thrust on the motion of transportation systems and living things. 
They compare speeds of objects and investigate how changes 
in speed are caused by forces. They also design, build, test, and 
demonstrate a moving system that solves a real world problem.

Process Skills  key notes

 

• The activities for this project will take at least two weeks and, 
depending on student interest and the complexity of their 
projects, could last longer.

• This project is comprised of multiple sessions. Review the 
entire project before teaching the first session.

• For more information about the science content in this 
project, see the Teacher Background Information on  
pages 8-10.

M O v i n G  S y S T E M S

D E S i G n  P r O J E C T

|   MOVING SYSTEMS DESIGN PROJECT

• Classifying

• Creating and using 
models

• Planning a process

• Reasoning

• Designing or building

• Choosing materials

• Using tools

• Working with the 
limitations of materials

• Solving problems

Technology/Design 
Skills



 Notes
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Standards and Benchmarks
While designing, building, and demonstrating their moving 
systems, students develop Science and Technology Standard E 
(Abilities of Technological Design): “Identify a simple problem…
Propose a solution…make proposals to build something or get 
something to work better…Implement proposed solutions…
Evaluate a product or design…Communicate a problem, design, 
and solution.” 

They also focus on The Physical Setting Benchmark 4F (Motion): 
“Changes in speed or direction of motion are caused by forces 
and the greater the force is, the greater the change in motion 
will be.” They also address The Habits of Mind Benchmarks 12C 
and 12D (Manipulation and Observation and Communication 
Skills): “Choose appropriate common materials for making simple 
mechanical constructions;” and “Make sketches and diagrams to 
aid in explaining procedures and ideas.”

Project Goals
1. Investigate how the forces of gravity, drag, friction, lift, and 

thrust affect motion on land, in water, and in air.

2. Measure and compare the speeds of objects.

3. Investigate how changes in speed are caused by forces and 
larger forces cause more rapid changes in speed.

4. Design, build, test, and demonstrate a moving system.

Assessment Options
Consider using the Forces and Motion Rubric to assess the 
students after Session 4. Use the Demonstrating a Design 
Checklist and the Planning and Implementing a Design Self-
Assessment after the completion of Session 7.
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Rubric: Forces and Motion

Checklist: Demonstrating a Design

Self-Assessment: Planning and 
Implementing a Design



Materials

item Quantity notes
Classroom Supplies

Balloons 1
2 per group

To demonstrate thrust. (Session 1)
For moving system designs. (Sessions 5, 6, and 7)

Basin 1 per station For water stations. (Session 2)

Books 3 per station
2 per group

For land stations. (Session 2)
To explore changing forces. (Session 4)

Binder, 3-ring 1 per station
2 per group

For land stations. (Session 2)
To explore changing forces. (Session 4)

Chopsticks 4 To build rubber band boats. (Session 2)

Cups, small paper 1 per group For moving system designs. (Sessions 5, 6, and 7)

Cardboard,  
30 cm x 30 cm (1 ft x 1 ft)

3 pieces  
per station

For air stations. (Session 2)

Marbles 1 per station
2 per group

For land stations. (Session 2)
To explore changing forces. (Session 4)

Milk cartons, pint-size 2 To build rubber band boats. (Session 2)

Paper, notebook size 1 sheet  
per student
5 sheets  
per station

To explore the force of lift. (Session 1) 

For air stations. (Session 2)

Paper towels 1 sheet  
per group

To explore changing forces. (Session 4)

Pennies 10 per group For moving system designs. (Sessions 5, 6, and 7)

Pipe cleaners 1 per group For moving system designs. (Sessions 5, 6, and 7)

Rubber bands, medium size 2
2 per group

To build rubber band boats. (Session 2)
For moving system designs. (Sessions 5, 6, and 7)

Scissors 1 pair
1 pair  
per group

To build rubber band boats. (Session 2)
For moving system designs. (Sessions 5 and 6)

Sloping surface 1 To demonstrate force of gravity. (Session 1)

Straws 1 per group For moving system designs. (Sessions 5, 6, and 7)

String 15 m (45 ft) 
per group

For moving system designs. (Sessions 5, 6, and 7)

Tape 1 roll
Several rolls

To build rubber band boats. (Session 2)
For moving system designs. (Sessions 5, 6, and 7)

Tennis ball 1 To demonstrate force of gravity. (Session 1)

Toy boats, wind-up (optional) 2 To substitute for rubber band boats at water 
stations. (Session 2)

18 |   MOVING SYSTEMS DESIGN PROJECT
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item Quantity notes
Curriculum items

Overhead Transparency “Moving on Land” (Session 3)

Overhead Transparency “Moving in Water” (Session 3)

Overhead Transparency “Moving in Air” (Session 3)

Teacher Master “Building a Rubber Band Boat” (Session 2)

Teacher Master “Force and Motion Stations” (Session 2)

Teacher Master “Effects of Forces” (Session 2)

Teacher Master “Force and Motion Observations” (Session 2)

Teacher Master “Forces on Moving Objects” (Session 3)

Teacher Master “Moving System Criteria” (Session 5)

Teacher Master “Moving System Description” (Session 5)

Teacher Master “Moving System Refinement” (Session 6)

Rubric: Forces and Motion (optional)

Checklist: Demonstrating a Design (optional) 

MOVING SYSTEMS DESIGN PROJECT  |



 Notes
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 Preparation

Session 1
q Have a wadded sheet of paper, a full sheet of paper, a tennis 

ball, a slightly sloping surface (e.g., a table or desk propped 
up at a slight angle), and a balloon available for the sensory 
observation.

Session 2
q Read through the Teacher Master “Building a Rubber Band 

Boat.” Gather materials to make two boats and have them ready 
to test at the water force and motion stations.

q (Optional) If desired, substitute wind-up propeller driven toy 
boats for the rubber band boats during the exploration.

q Read the Teacher Master “Force and Motion Stations” to find 
out what materials you need for the exploration. Make six copies 
of this teacher master and place one at each of the force and 
motion stations.

q Practice the activities at each station in advance to become 
familiar with the forces that students will be experiencing during 
the exploration.

q Read the Teacher Master “Effects of Forces” to become 
familiar with the way forces affect the motion of objects referred 
to during the exploration.

q Make three copies of the Teacher Master “Force and Motion 
Observations” for each group. Place equal numbers of them at 
each force and motion station.

Session 3
q Read the Teacher Master “Forces on Moving Objects” 

to become familiar with the forces affecting the motion of 
transportation systems and living things pictured in the visuals.

 
          

             
            

 
          

   

          
   

           
          

 
          

   

                          
     

                        

                      
   

                       
   

                             
    

                      
         

  

                       

Colleen
Text Box
 Sessions 2, 3, 6, and 7 are not included in this online sample.
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Session 4
q Find a place (preferably without carpeting) in your classroom 

or in the hallway where groups of students can set up 2 ramps 
(3-ring binders) that are located about 2 m (6 ft) from a wall.

Session 5
q Make one copy of the Teacher Master “Moving System 

Criteria” for each group.

q Make one copy of the Teacher Master “Moving System 
Description” for each group.

q Create a designated place in the classroom where students can 
store their moving systems materials at the end of the session.

Session 6
q Make a copy of the Teacher Master “Moving System 

Refinement” for each group.

vocabulary
drag  . . . . . . . . . . . . . . . . A force that resists an object’s motion in a 

fluid such as water or air.

force . . . . . . . . . . . . . . . . A push or a pull on an object.

friction . . . . . . . . . . . . . . A force that resists motion when two 
surfaces touch each other.

gravity . . . . . . . . . . . . . . The force of Earth pulling on an object 
downward toward Earth’s center.

lift  . . . . . . . . . . . . . . . . . . A force on the wing of an object in flight 
that pushes the object upward.

speed . . . . . . . . . . . . . . . How fast or slow something moves; 
measured by how far it moves in a set 
amount of time.

thrust . . . . . . . . . . . . . . . A force that pushes an object forward. 
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Session 1—Observing Forces and Motion

 Engage

Sensory Observation
Introduce the forces of gravity, drag, friction, lift, and thrust by 
having the students explore, observe, and discuss the effects of 
these forces on objects.

1. Demonstrate and discuss the force of gravity by doing the 
following:

• Drop a wadded piece of paper. Ask the students to 
describe what happened. (The paper fell to the floor because 
of Earth’s gravity.)

• Place a tennis ball on a slightly sloping surface (with 
enough slope so that the ball rolls slowly). Ask the students 
to describe what happened. Why was the motion of the 
ball so different from the motion of the paper? (It moved 
slowly down the surface because some, but not all, of the force 
of gravity, pulled it down the surface.)

2. Demonstrate the force of drag by doing the following:

• Hold the wadded piece of paper in one hand and a full 
sheet of paper in the other hand (held parallel to the floor).

• Ask students to predict which piece of paper will fall to the 
floor first if you drop them at the same time.

• Now drop the two pieces of paper. Ask students to 
describe what happened. Why were the motions of the two 
sheets of paper so different? (The force of drag was greater 
on the full sheet of paper than on the wadded sheet. Therefore 
it took longer for the full sheet to reach the floor.)

3. Explore the force of friction by having the students do the 
following:

• Stand up and describe what force is preventing them from 
slipping sideways and perhaps falling down. (The friction 
between the bottom of their shoes and the floor.)

• Imagine walking on a frozen lake or an ice skating rink. 
Would the surface be more or less slippery than the 
classroom floor? (More). Why would it be more slippery? 
(There would be less friction between the bottoms of their 
shoes and the ice.)

• Imagine walking a on a surface with no friction at all. 
What would happen when they tried to stand up? (They 
would immediately slip and fall down since there would be no 
friction to prevent them from falling.)



4. Have the students explore the force of lift by doing the 
following simple exploration:

• Pass out a sheet of paper to each student. The students 
hold the narrow edge of the paper with both hands (on the 
corners) and then move the edge close to their mouths.

• They curve the top of the paper slightly downward, let the 
other end hang down, and blow hard across the top of the 
paper. 

• What happened to the paper? (When they blew across the 
top of the paper, the part that was hanging down lifted up in 
the air.)

• Students experiment with the force of lift by varying the 
angle of the paper, the strength with which they blow, and 
the angle with which the blow. Challenge them to find the 
way to get the hanging part of the paper to lift as high as 
possible in the air.

5. Demonstrate thrust by doing the following simple experiment:

• Blow up a balloon about halfway and then release it 
upward into the air. Ask the students what happened when 
you released the balloon? (The air moving out of the balloon 
produced a force of thrust and caused the balloon to fly into 
the air.)

• Blow up the balloon all the way and release it again. 
Students describe and compare what happened this time 
with what happened before. (Since the balloon had more air 
in it, more thrust was produced when it was released which 
caused the balloon to fly for a longer period of time.)

 Notes
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Text Box
 Session 2 and Session 3 are not included in this online sample.
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Session 4—Changing Forces

 Engage

Sensory Observation
1. Explain to the students that they will compare speeds of an 

object and investigate how forces can cause the object to 
change its speed.

2. Divide the class into small groups. Pass out two ramps (thin 
3-ring binder) and two marbles to each group. 

3. Each group sets up their two ramps, with the same elevation, 
at a location that is about 2 m (6 ft) from a wall.

4. The groups then roll marbles from the top of each of their 
ramps, without giving them a push, until they hit the wall. 

5. Ask the students to describe the forces involved as the marbles 
moved. (Gravity attracts the marbles to the Earth; friction and 
drag resist the rolling of the marbles.)

6. Did the marbles hit the wall at the same time? (If they were 
released at the same time from the same elevation, they should hit 
the wall at the same time.)

7. How do the speeds of the marbles compare? (Since they hit the 
wall at the same time, they traveled at the same speed.)

8. Now discuss some ways that the students might vary the 
forces on the marbles. Guide the students to think about the 
following possibilities:

• Gravity–Vary the elevation of the ramps. 

• Friction–Change the surface of the ramps, then the 
marbles.

• Thrust–Push on the marbles.

Colleen
Text Box
 Session 2 and Session 3 are not included in this online sample.



 Notes
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 Explore
In this guided exploration, students vary how the force of gravity 
affects the speed of a rolling marble. They also vary the forces 
of friction and thrust to observe how this affects the speed of a 
marble.

Varying the effects of gravity—In this part of this exploration, 
the class observes how the speed of a marble changes as the angle 
of the ramp changes. In the following two trials, roll the marbles 
from the top of each ramp, without pushing, until they hit the wall.

1. Increase the angle of one of the ramps by resting the thick end 
of the ramp on a book. 

• Did the marbles hit the wall at the same time? (The marble 
that rolled down the elevated ramp hit the wall in less time.) 

• What does that say about the speed of the marbles? (The 
marble that rolled down the elevated ramp was faster.)

2. Leave one book under the elevated ramp and then rest the 
other ramp on two books. 

• Did the marbles hit the wall at the same time? (The marble 
that rolled down the ramp resting on two books hit the wall in 
less time than the one resting on one book.)

• What does that say about the speed of the marbles? (The 
marble that rolled down the ramp resting on two books was 
faster.)

Varying friction—In this part of this exploration, the class 
observes how the speed of a marble changes as the friction 
between the marble and the ramp surface changes. 

1. Remove the books from each ramp. Lay a paper towel on top 
of one of the ramps. Roll the marbles from the top of each 
ramp, without pushing, until they hit the wall.

• Did the marbles hit the wall at the same time? (Because of 
increased friction, the marble rolling on the paper towel took 
more time to hit the wall.) 

• What does that say about the speed of the marbles? (The 
marble that rolled down the ramp with the paper towel on it 
was slower.)
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Varying thrust—In this part of this exploration, the class observes 
how the speed of a marble changes as the thrust on the marble 
increases.

1.  The groups remove the paper towels from their ramps. They 
release the marbles from the top of each ramp at the same 
time. They give one of the marbles a light push and they let the 
other marble roll down without giving it a push.

• Did the marbles hit the wall at the same time? (Because of 
the increased thrust, the marble that was pushed hit the wall 
in less time.) 

• What does that say about the speed of the marbles? (The 
marble that was pushed was faster.)

2.  Each group releases the marbles from the top of each ramp at 
the same time. They give one of the marbles a light push and 
they give the other a heavy push.

• Did the marbles hit the wall at the same time? (Because 
of the increased thrust, the marble that was given the heavy 
push hit the wall in less time.) 

• What does that say about the speed of the marbles? (The 
marble that was given the heavy push was faster.)

 reflect and Discuss

Sharing
1. Discuss what the class learned about force and speed during 

the exploration. Make sure to address the following questions:

• What are some ways you increased the speed of a marble? 
(By changing the effect of gravity and by increasing the thrust.)

• What are some ways you decreased the speed of a marble? 
(By increasing the friction.)

• How did you know if the speed of a marble increased? (It 
took less time to reach the wall.)

• How did you know if the speed of a marble decreased? (It 
took longer to reach the wall.)

2. Encourage the students to share any other ways they might 
change the speed of a marble. The following are some ideas:

• Decrease and increase friction by experimenting with 
different ramp and floor surfaces.

• Decrease and increase the angle of the ramp.

Big idea

The forces of gravity, drag, 
friction, lift, and thrust affect 
the motion of objects on 
land, in water, and in air.

 
           

            
             

          
             

            
            

              
      

             
            

            
        

            
     

             
             

        

            
           

         
           
        

             
             

       

             
          

      

            
            

 



Session 5—Designing and Building  
Moving Systems

 Engage

Introductory Discussion
Explain that over the next few sessions, students will design, build, 
test, and, finally, demonstrate a moving system. Discuss some of 
the details of the project:

• Today the class will use what they have learned about the 
effects of forces on moving objects to design a moving 
system. 

• Students will work in groups. Each group will use the same 
set of simple materials to design and test a moving system.

• In the next session, they will refine their moving system (or 
perhaps start from scratch), then test the system again.

• In the final session, the students will demonstrate their 
moving systems to the class.

 Explore

Designing Moving Systems
Students learn some basic aspects of the design process. They 
consider the project criteria while looking through the materials, 
brainstorming ideas, and sketching their designs.

1. Briefly discuss the evolutionary nature of the design process 
with the class. Point out the following:

• A first design is the beginning of the process. Designers 
often make changes along the way as they develop their 
ideas.

• Designers may end up building something that is 
completely different from their original idea. 

• Designers may experience frustration as they try to make 
an idea work. This is a natural part of the design process.

 Notes
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2. Divide the class into groups and hand out a copy of Teacher 
Master “Moving System Criteria” to each group. Read 
through the following moving system criteria with the class: 

• The moving system must make a journey of at least 5 m 
(15 ft) across the room.

• The moving system must be able to carry at least 10 
pennies on its journey.

• The moving system must complete its journey in 5 seconds 
or less.

3. Pass out the following materials to each group:

• 2 balloons

• 1 paper cup (use a thumbtack to poke holes near the lip on 
opposite sides)

• 10 pennies

• 1 pipe cleaner

• 2 rubber bands

• Pair of scissors

• 1 straw

• 15 m (45 ft) string

• Roll of tape

4. Let the groups examine the materials. While looking through 
them, ask each group to brainstorm ways that they might use 
them to satisfy the project criteria.

5. Circulate as the students work. Assist them, if necessary, 
and ask questions that focus on the project design criteria. 
Encourage students to focus on what they have learned about 
forces and their effects on moving systems as they think about 
their designs. Questions might include:

• What force(s) will you use to provide thrust? How will you 
take advantage of those forces?

• What force(s) will resist motion? How will you minimize 
those forces?

• How will you attach the load of pennies to the moving 
system?

Teacher Master 10



 Notes
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6. When the groups have settled on a first idea, hand out a 
Teacher Master “Moving System Description” to each group 
to record this information about their designs:

• A brief description of the moving system.

• A description of the force(s) that will propel the system 
across the room.

• A description of the force(s) that will resist the motion of 
the moving system.

• A labeled sketch of the moving system.

Building and Testing Moving Systems
Groups have completed their design sketches and start building 
and testing their first designs. 

1. Show the students how to set up a workspace that includes a 
cleared work surface, room to stand around the project, and a 
place for checking their design drawings.

2. Let students build their moving systems. When finished have 
them test their systems.

  safety Note: Many of the groups’ designs will involve blowing up 
a balloon. To minimize the risk of spreading germs, make sure that one 
student in each group is designated with that task.

teacher Note: Some groups’ initial designs may meet all of the criteria 
while some may not. Remind those who are having trouble that they 
will have a chance to re-design their moving systems during the next 
session. Explain to those whose designs meet the criteria that they will be 
encouraged to improve on their design during the next session.

 reflect and Discuss

Sharing
1. If any students are having difficulty with their designs, give 

them the opportunity to get feedback from you and the rest of 
the class by sharing their problems and questions.

2. Encourage the students to share their designs with their 
classmates. Emphasize that these are initial plans and that 
these plans may change once they start building their 
machines.

teacher Note: Note any problems to address before the next building 
and testing session. These may include the need for more materials, 
assembly problems, or misunderstandings about the force and motion 
concepts.

Teacher Masters 11-12

Big idea

The forces of gravity, drag, 
friction, lift, and thrust affect 
the motion of objects on 
land, in water, and in air.
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Moving Systems: Assessment 1Rubric: Forces and Motion

Rubric: Forces and Motion

Criterion A Criterion B

Gravity, drag, friction, lift, and 
thrust are forces. 

The forces of gravity, drag, 
friction, lift, and thrust affect the 
motion of objects.

4 - Exceeds 
Expectations

Understands at a secure level (see 
box below) how to recognize the 
forces of gravity, drag, friction, 
life, and thrust and shows interest 
in looking for ways they are used in 
everyday situations.

Understands at a secure level (see 
box below) and can apply their 
understanding to demonstrate how 
the forces of gravity, drag, friction, 
lift, and thrust affect the motion of 
objects.

Explores content 
beyond the level 
presented in the 
lessons.

3 - Secure
(Meets 
Expectations)

Can recognize the forces of gravity, 
drag, friction, lift, and thrust.

Can demonstrate and explain how 
the forces of gravity, drag, friction, 
lift, and thrust affect the motion of 
objects.

Understands 
content at the 
level presented 
in the lessons and 
does not exhibit 
misconceptions.

2 - Developing
(Approaches 
Expectations)

Recognizes some but not all of 
these forces.

Knows that, in general, forces 
affect the motion of objects, but 
is unable to explain how all five of 
these forces affect the motion of 
objects.Shows an 

increasing 
competency with 
lesson content.

1 - Beginning Is unable to recognize any of these 
forces.

Doesn’t know that forces affect the 
motion of objects.

Has no previous 
knowledge of 
lesson content.



Moving Systems: Assessment 2Checklist: Demonstrating a Design

Checklist: Demonstrating a Design
Teacher Assessment

Determine whether the following elements are evident in student’s design and 
demonstration of their moving system. You might assign one point for each criterion the 
student demonstrates. You can add specific observations or comments in the space below 
each criterion.    

Name __________________________________ Date__________

Criteria:

________ A. The moving system traveled at least 5 m (15 ft) across the room.     

________ B. The moving system carried at least 10 pennies.    

________ C. The moving system completed the journey in 5 seconds or less.  

________ D. The student was able to describe the forces that propelled the moving 
system across the room. 

________ E. The student was able to describe the forces that resisted the motion of the 
moving system.



Moving Systems: Assessment 3Self–Assessment: Planning and Implementing a Design

Name _________________________________  Date_____________________________

Self–Assessment:  
Planning and Implementing a Design 

Think about the process of planning and building your moving system and answer the 
following questions.    

1. How many of the project criteria did you think about when you made your design?

  All of the criteria    Some of the criteria  None of the criteria

2. Did you check whether your moving system met the project criteria at different 
points?

    Yes   No

3. When you built your moving system, how did you feel about trying things out, 
making changes, and then trying again until your group finished it? 

  Great  OK, but a little frustrated  Very frustrated

4. How many of the project criteria did your moving system meet?

  All of the criteria    Some of the criteria  None of the criteria
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Forces on Moving Objects 
Visual  Photo Force and its Effect

Land 1 Car 
moving 
uphill

Gravity—resists uphill motion of the car .
Thrust—from engine through tires . Propels car uphill .
Friction—keeps the tires from slipping when thrust is 
applied . Keeps the tires from sliding sideways . Resists 
motion as the tires roll along the road surface .
Drag—resists motion of the car .

Land 2 Train 
moving 
downhill

Gravity—propels train downhill .
Thrust—from engine through wheels . Propels train 
downhill .
Friction—keeps the train wheels from slipping when thrust 
is applied . Resists motion as the wheels roll along the tracks .
Drag—resists motion of the train .

Land 3 Motorcycle 
moving on 
the flat

Gravity—keeps motorcycle on road .
Thrust—from motorcycle engine . Propels the motorcycle .
Friction—keeps the tires from slipping when thrust is 
applied . Keeps the tires from sliding sideways . Resists 
motion as the tires roll along the road surface .
Drag—resists motion of the motorcycle .

Land 4 Bus 
moving 
uphill

Gravity—resists uphill motion of the bus .
Thrust—from bus engine . Propels the car up the hill .
Friction—keeps the tires from slipping when thrust is 
applied . Keeps the tires from sliding sideways . Resists 
motion as the tires roll along the road surface .
Drag—resists motion of the bus .

Land 5 Skateboard 
moving 
downhill

Gravity—propels skateboard downhill .
Friction—keeps the wheels from sliding sideways . Resists 
motion as the wheels roll along the road surface .
Drag—resists motion of the skateboard .

Land 6 Bicycle 
moving 
uphill

Gravity—resists uphill motion of the bicycle .
Thrust—from bicyclist’s legs . Propels the bicycle uphill .
Friction—keeps the tires from slipping when thrust is 
applied . keeps the tires from sliding sideways . Resists 
motion as the tires roll along the road surface .
Drag—resists motion of the bicycle .
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Forces on Moving Objects 
Visual  Photo Force and its Effect

Water 1 Power Boat Gravity—keeps boat on water’s surface .
Thrust—from engine through propeller . 
Drag—resists motion of the boat .

Water 2 Submarine Gravity—forces submarine toward the sea floor .
Thrust—from engine through propeller .
Drag—resists motion of the submarine .

Water 3 Sailboat Gravity—keeps boat on water’s surface .
Thrust—from wind through the sails .
Friction—between boat surface and water surface . Resists 
motion of the boat .
Drag—resists motion of the boat .

Water 4 Fish Gravity—forces fish toward the sea floor .
Thrust—from movement of fins . 
Drag—resists motion of the fish .

Water 5 Swimmer Gravity—forces person toward the bottom of the pool .
Thrust—from kicking feet and paddling arms .
Drag—resists motion of the swimmer .

Water 6 Duck Gravity—forces person toward the bottom of the lake .
Thrust—from kicking/paddling feet .
Drag—resists motion of the duck .

* Teacher Note: Students may mention that buoyancy plays an important role in 
keeping these objects from being pulled deeper into the water by gravity . This is 
true, but buoyancy is not explicitly addressed by this project .
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Forces on Moving Objects 
Visual  Photo Force and its Effect

Air 1 Propeller 
airplane

Gravity—forces airplane toward the earth .
Thrust—from engine through propeller .
Drag—resists motion of the airplane .
Lift—from air flowing over wings . Keeps plane in the air .

Air 2 Jet 
airplane

Gravity—forces airplane toward the earth .
Thrust—from engine through jets .
Drag—resists motion of the airplane .
Lift—from air flowing over wings . Keeps plane in the air .

Air 3 Rocket Gravity—forces rocket towards the earth .
Thrust—from engine through jets .
Drag—resists motion of the rocket .

Air 4 Person 
with 
parachute

Gravity—forces person and parachute toward the earth .
Drag—resists motion of the person and parachute .
Lift—from air flowing over parachute . Keeps person in the 
air .

Air 5 Skydivers Gravity—forces people toward the earth .
Drag—resists motion of the people .

Air 6 Eagle Gravity—forces eagle toward the earth .
Thrust—from flapping of eagle’s wings .
Drag—resists motion of the eagle .
Lift—from air flowing over eagle’s wings . Keeps eagle in 
the air .
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Moving System Criteria

The moving system the students design, build, test, and demonstrate must satisfy 
the following criteria:

1 . It must make a journey of at least 5 m (15 ft) across the room .

2 . It must be able to carry at least 10 pennies on the journey .

3 . It must complete the journey in 5 seconds or less .

In addition to the above criteria, students must be able to describe the forces that:

• propel the moving system across the room .
• resist the motion of the moving system .



Moving System Description (Session 5), page 1 of 2  

Name:      Date:  

Moving Systems Teacher Master 11

Moving System Description

Describe your moving system .

Describe the forces that will propel the moving system across the room .

Describe the forces that will resist the motion of your moving system .



Moving System Description (Session 5), page 2 of 2

Name:      Date:  

Moving Systems Teacher Master 12

Moving System Description

Draw a sketch of your moving system . Label its parts, as well as the force(s) 
propelling the moving system and the force(s) resisting its motion .
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Collecting and Examining Life
From collecting animal tracks to 
dissecting flowers, children deepen 
their understanding of what makes 
something alive as well as exploring 
the similarities and differences among 

living things.
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One day students learn to use a 
thermometer to record temperature, 
another day they measure rainfall 
or investigate the nature of ice. 
Throughout the year, students use 

their senses as well as scientific tools to discover that 
weather is a dynamic part of nature.
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Solids, Liquids, and Gases
While deciding what makes a solid a 
solid, watching water disappear from 
an open cup, or comparing various 
liquids, children find the value in asking 
questions and probing the world 

around them for meaningful answers.Ph
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Motion
Through activities that engage 
children’s bodies and minds, children 
move their own bodies in various ways 
to learn about motion, as well as build 
ramps, roll toy cars, drop and crash 

marbles, slide pennies and shoes, and even fly paper 
airplanes.
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Rainbows, Color, and Light
Through experiments with prisms, 
mirrors, bubbles, water, sunlight, and 
flashlights, children bring rainbow 
effects into their classroom and onto 
the playground. They also mix colors to 

observe that colored light produces different results 
than mixing pigmented paints, dough, or water.
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From making a collage of the leaves 
and seeds they find to constructing a 
lever from rocks and wood, children are 
introduced to the wonders of science 
and scientific exploration. Contains 7 

studies in one book: Growing and Changing; Class Pet; 
Collections from Nature; Constructions; Dirt, Sand and 
Water; Sky and Weather; and My Body.
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Rocks
One day children examine fossils, 
another day they might test minerals. 
As children collect, examine, describe, 
and experiment with rocks, minerals 
and fossils, they hone their observation 

skills and begin to unravel the puzzle of what rocks are 
and how they are formed.
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Magnets
From testing what sort of everyday 
objects are attracted to magnets to 
comparing the strength of different 
magnets, children deepen their 
observation skills while learning about 

the nature of magnets.Ph
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Life Cycles
From watching a pea sprout to feeding 
apples to butterflies, children closely 
study four organisms, including 
humans, to observe the remarkable 
growth and change that living things 

experience during their life spans.
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Soils
From closely observing soil components 
and their properties to discovering the 
importance of earthworms, children 
use their senses of sight, smell, and 
touch to explore the wonders of soil.Ea
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PreK-6 Inquiry Science Curriculum
Inspiring students to explore their world.

888.352.0660



www.sciencecompanion.com

Habitats
From going on a nature walk to 
dissecting owl pellets, children are 
asked to think about how organisms 
(plants, animals, fungi, and microscopic 
living things) survive in the places they 

live, and how they interact with other living things.
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Light
Whether watching light “bend” a 
pencil in water or building a periscope, 
the combination of hands-on, multi-
sensory learning enables children 
to understand what light is, how it 

behaves, and why it makes sight possible.Ph
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Electrical Circuits
Whether exploring static charges, 
figuring out how to get a light bulb 
to light, or testing the conductivity of 
everyday objects, students experience 
firsthand the excitement of electricity 

and scientific discovery.Ph
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One day children chart the moon’s 
cycles, another day they might make a 
scale model of our solar system. By 
observing the world around them, they 
address questions such as “Why are 

there seasons?” and “Why does the moon appear to 
change shape?”
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Nature’s Recyclers
By watching composting worms create 
soil, to modeling the nutrient cycle, 
students have the opportunity to 
investigate the organisms that carry 
out the process of decomposition and 

recycle nutrients in an ecosystem.
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Watery Earth 
Whether following a drop of water 
through the water cycle, measuring 
their own water usage, or exploring 
how filters clean dirty water, students 
are encouraged to use what they learn 

to have a positive impact on water resources.
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Matter
With challenges like exploring what 
they can learn about an unknown 
substance called “Whatzit,” students 
experience the excitement of scientific 
discovery and gain an appreciation of 

the scientific method used by professional scientists.Ph
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Earth’s Changing Surface
From building river models that explore 
erosion and deposition to touring the 
school grounds looking for evidence of 
the earth’s changing surface, students 
use hands-on investigations to discover 

the dynamic nature of the earth’s surface.
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Human Body in Motion
By modeling how muscles move bones, 
testing reflexes, and measuring the 
effects of exercise on breathing and 
heart rate, students begin to appreciate 
the interactions between body parts 

and recognize the importance of protecting them by 
making healthy choices.
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Energy
Whether testing the efficiency of light 
bulbs, exploring heat conduction, 
or designing an imaginary invention 
demonstrating the transfer of energy, 
students discover that energy is at the 

root of all change occurring in the world around them.Ph
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Force and Motion
By demonstrating and explaining 
ways that forces cause actions and 
reactions, as well as gaining a deeper 
understanding of basic forces such as 
friction and gravity, students discover 

the many ways that forces affect the motion of objects 
around them.
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Design Projects
Animal Homes, Human Tools, Simple 
Machines, Moving Systems, Electrical 
Circuits, Human Systems. 
The design project series was 
developed to support compatible 

modules by allowing students to design and/or build 
animal homes, tools, machines, and designs of their 
own creation. Taking between 4-6 sessions, the 
projects strengthen skills and ideas about choosing 
materials, using tools, working with the limitations of 
materials, solving problems, and overall project design.
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Science Skill Builders
With 21 lessons spanning the breadth 
and depth of science skills, students 
develop a core understanding of using 
tools in science, scientific testing, 
observation skills, and the importance 

of analysis and conclusions.
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Program Features FOSS Science Companion STC

Prepares students to do 
inquiry-based science

Lesson O introduces students to 
the scientific method through the 
“I Wonder” Circle

Hardback, colorful, content-rich 
student reference materials for 
upper elementary students

Student Reference Books

Bound student science notebooks 
to foster student literacy and 
reading skills P The original Student Science 

Notebooks

Parallels in instructional design to 
Everyday Mathematics®

Developed by the creators of 
Everyday Mathematics®

Variety of assessment strategies P Teacher-friendly formative and 
summative assessment strategies P

A variety of pilot options to fit the 
interests and needs of districts

Several no-cost pilot options, 
including an innovative online pilot 
program

Correlations to local and state 
science standards

Correlated to state standards with 
customized local standard 
correlations available upon request

Teacher must gather minimal 
teacher supplied items P ExploraGear and Supplemental 

Classroom Supplies available P
Early Childhood activity-based 
modules available (K Only)

Modules developed specifically 
for PreK-K available

Unique content offered to meet 
standards

Light and Rainbows, Color, and 
Light modules available

Children develop science habits of 
mind in addition to content 
knowledge

“I Wonder” Circle integrates 
modules as tool for student 
reflection

Engaging activities nourish 
children’s curiosity P Engaging, hands-on activities 

focused on Big Ideas P
Supports teachers in reaching 
Big Ideas

Reflective  Discussions help 
children integrate their experience 
and build science knowledge

Full curriculum available digitally
Hyperlinked teacher materials 
(iTLM’s) & digital student materials 
build affordable access

P

P

P

P
P
P

P
P
P
P
P
P
P

P
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A New Way to Pilot...

www.sciencecompanion.com

An Innovative Free Online Pilot Program!
We know that both time and financial resources are limited for 
school districts these days. 

So, we are delighted to introduce an exciting new digital opportunity 
for you to try Science Companion materials at no cost, at a scale that 
is easily manageable.  And it’s high tech, too!

Come to our Online Pilot Website and find:
• Sample lessons from eight of our modules.
• Conversation and support from content and teaching experts.
• Free digital teacher materials and student resources.
• Directions on how  to order  ‘lending library’ for kit materials.
• A pilot that will give you a rich taste of inquiry science but re-

quires no more than a handful of classroom sessions.

“I think this is an awesome resource for doing science.” 
Field Test Teacher

There are a limited number of online pilots available, 
so contact us now to  find out how you can 

explore Science Companion at your pace, for free.

(And, of course, we have traditional pilots available too. Just ask!)

888-352-0660 
pilot@sciencecompanion.com



Succeed with Science Companion

The spirit of inquiry.  An invitation to curiosity.  The tools for success.

Inquiry-based learning in science is exciting, effective, 
and evocative. It also can be challenging. 

We can help you take the mystery out of inquiry!

Philosophy
A half-day session introducing the methodology, 
pedagogy, and best practices of Science Companion.

Implementation
Building from specific modules your district is using, 
a hands-on exploration of how to best implement 
Science Companion in your classrooms.

Assessment and Science 
Formative and summative assessment can work together 
to strengthen teaching and test scores!

Coming from Everyday Math 
Science Companion was developed by the same research-
ers who developed Everyday Mathematics, and many of 
the same pedagogical tools are used. Making the jump to 
Science Companion is easy!

Train the Trainers
Build a community of Science Companion experts in your 
district or intermediate unit.

It’s in the Bag! 
Fully customizable workshops to meet your needs.  Contact us to 
learn how we can best help you!

Designed by  the 
University of Chicago’s 
Center for Elementary 

Math & Science 
Education.

Participants
Teachers and administrators
in districts using Science 
Companion.

Length
Mix and Match to your needs 
to build a half day or full day 
session.

Continuing Education 
CEU’s available, please ask us 
about we can work with you to 
arrange credits.

Cost
Ask your rep for more 
information!

Professional Development



Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!Contact Us!
Get a Full Curriculum Sample

Check out a Pilot Program

Get a Custom Scope & Sequence

Get a Full Curriculum Sample

Check out a Pilot Program

Get a Custom Scope & SequenceGet a Custom Scope & Sequence

Get a Full Curriculum Sample

Check out a Pilot Program

Get a Custom Scope & Sequence

Phone/Fax: 888-352-0660

8400 Woodbriar Drive
Sarasota, FL 34238

info@sciencecompanion.com
www.sciencecompanion.com

Find your Sales Rep

info@sciencecompanion.com
www.sciencecompanion.com
info@sciencecompanion.cominfo@sciencecompanion.com

Click either link

for more 

infomation!

The spirit of inquiry.  An invitation into curiosity.      The tools for success.
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