
LESSON 10: How do different amounts of force on an object change its motion?

PREVIOUS LESSON We were wondering how the mass and speed of an object affect how much damage it causes to a fragile object in a collision. We planned and conducted two
investigations using graham crackers and carts to produce data to identify patterns that reveal potential cause and effect relationships between speed,
mass, and damage. We determined that we need a more consistent way to control for speed.

THIS LESSON 
 

INVESTIGATION 
 

1 day 
 

We plan and carry out an investigation to evaluate and revise the use of two spring scale launchers to speed
up a cart to ensure they produce repeatable and reliable results and then use them to collect data on how
the amount of force applied to a stationary object affects how much its motion changes.

NEXT LESSON We will plan and carry out an investigation to test the relationship between force and the motion of objects with different masses that we want to speed up.

BUILDING TOWARD NGSS 
 

MS-PS2-1, MS-PS2-2 
 

WHAT STUDENTS WILL DO 
 
Plan and carry out an investigation by developing a way to calibrate launching devices to collect data about how the amount of force applied
to a stationary object (cause) affects how much it changes motion.
 
WHAT STUDENTS WILL FIGURE OUT 
 
The greater the amount of force (net force) applied to an object, the more its motion will change.



Lesson 10 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 8 min NAVIGATION
Connect to the prior lesson and brainstorm ways to use two
sets of spring scales, tracks, and carts to explore the lesson
question.

A-B computer and projector,

2 15 min PLAN OUR INVESTIGATION
Identify the variables in the investigation and then develop a
calibration plan and data collection table.

C-D 2 pages of notebook paper or 1 page of notebook paper and a copy of optional
scaffolding: Speeding an Object Up with a Spring Scale Launcher, chart paper, markers,
computer and projector,

3 15 min CARRY OUT THE CHANGE IN MOTION LAB
Carry out the investigation that students planned with their
groups.

Change in Motion Lab

4 8 min ADD TO OUR PROGRESS TRACKER AND NAVIGATION
Lead a Consensus Discussion to update the class Progress
Tracker.

F-G computer and projector,

End of day 1



Lesson 10 • Materials List
per student per group per class

Change in
Motion Lab
materials

2 tracks taped down on the ends with painter’s tape
on a flat surface or table top
hook and loop fasteners on the bottom of 2 launchers
(push-pull spring scales on the end of one track
2 carts
extra painter’s tape for marking a finish line

Lesson
materials

science notebook
2 pages of notebook paper or 1 page of notebook paper and a copy of
optional scaffolding: Speeding an Object Up with a Spring Scale Launcher

computer
and
projector
chart
paper
markers

Materials preparation (20 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable). 

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available. 

Optional: Make copies of Speeding an Object Up with a Spring Scale Launcher if you want to provide additional scaffolding in the first part of the investigation design for groups. The default
option outlined in the lesson is to have students document their investigation plans on notebook paper instead.

Day 1: Change in Motion Lab

Group size: 4-5 students
Setup: Build and set up 2 spring scale track launchers per station:

Lay two pieces of aluminum track side by side on a flat surface or table top. Tape down the ends with painter’s tape.
Place 2 carts on each track.
Leave an extra piece of painter’s tape for marking a finish line.
Your tracks should have arrived with two pieces of hook and loop fasteners (rough side) attached to the track, and two pieces of hook
and loop fasteners (smooth side) attached to the launchers. You will use 2 launchers (5 N each) on the end of each track. These are
shown in the image to the right.

Safety: Make sure there is a barrier at the end of the track so that the carts don’t fly off the table.
Storage: All materials can be stored and reused indefinitely.



Lesson 10 • Where We Are Going and NOT Going

Where We Are Going

We are helping students establish a rationale for conducting multiple trials in this investigation and all future investigations.

We are helping students determine that if the total force on the object is not zero, its motion will change. For any given object, a larger force causes a larger change in motion.

In the next lesson, we will help students determine that the greater the mass of the object, the greater the force needed to achieve the same change in motion.

Together, these two ideas are part of the DCI PS2.A and contribute to meeting NGSS PE MS-PS2-2 with regard to exploration of unbalanced forces: “Plan an investigation individually
and collaboratively, and in the design, plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on the object and the mass of
the object.” [Clarification Statement: Emphasis is on balanced forces (Newton’s first law) and unbalanced forces in a system, qualitative comparisons of forces, mass and changes in
motion (Newton’s second law), frame of reference, and specification of units.] [Assessment Boundary: Assessment is limited to forces and changes in motion in one-dimension in an
inertial reference frame and to change in one variable at a time. Assessment does not include the use of trigonometry.]

Where We Are NOT Going

We are not referring to the force applied to a cart as a net force yet. We will refer to it as such in later lessons.



8 min

LEARNING PLAN for LESSON 10
1 · NAVIGATION
MATERIALS: computer and projector

Connect to the prior lesson. Show slide A. Briefly discuss some of the reasons why hand-pushing the carts might not produce
repeatable results.

Suggested prompt Sample student response

What were we doing to speed up the objects (carts) in the last lesson? We were pushing them.

If we want a reliable way to speed up an object the same amount
every time, this might not be the most reliable method. Why?

It's hard to know if you are pushing them equally hard each time.

Summarize the role of human error. Say, When a person is producing the input in an experiment and they don’t have a way to measure the
amount of input they are producing, it introduces a source of error into the experiment. This error is no fault of the person. It’s not like they are
misreading an instrument or forgetting a step in a procedure or neglecting to control for something. Instead, it is simply a limitation that comes
from the materials that were used in the experiment--in this last case, using ourselves as the launcher for the cart introduced error because we
couldn’t control how hard we pushed the carts. Since we are wanting to figure out how much different factors affect the outcome in a collision, let’s
see if we can develop a more reliable way to launch objects toward each other for collecting additional results from a collision investigation we may
want or need to do.

Introduce the spring scale track launchers. Hold up a sample of the track and a push-pull spring scale (5 N) attached to it and suggest
that this could be a new way we could try to launch our carts to explore what happens to objects in a collision. Demonstrate pushing
down on the plunger of the spring and releasing it (no cart attached). Show slide B.

Say, I actually have enough equipment that every group could use two tracks, two carts, and two launchers. Discuss both questions on the slide as
a class but in reverse order from what is shown on the slide.

Suggested prompt Sample student response

How could we use two spring scale track launchers like this to
investigate the question: “How does the amount of force applied to
the same object affect its motion?”

We could pull the spring scale back different amounts and see how
much the motion changes.

If we used a spring scale attached to our track to launch a cart, do you
think it would provide a reliable way to control how much the cart is
sped up? How could we find out?

We could try launching the cart from one launcher vs. another and
comparing the results.
 
We could run multiple trials and see if we get the same results.

Summarize the two goals of the investigation. Say, OK, it sounds like we have two goals of this investigation. The first is to investigate this
question: “How do different amounts of force on an object change its motion?” Write this question on the board.



15 min

Say, And another is to see how repeatable and reliable the results from this device are. This second goal really is an important goal that should be a
part of any investigation we do. If our results our repeatable, then we can be more certain of the conclusions we are making. And the only way to
determine if they are repeatable is to collect multiple trials to see if we get similar results each time. Let’s start deciding on some of the details of
how many trials we want to collect, the variables to try to control, the data we want to collect, etc.

Tell students that you have tried pulling back on the spring scale track launcher a few different ways and found one way to improve the
repeatability of results is to pull the cart up against the plunger and hold the cart there to get ready to release it when given a signal
rather than pulling back on the plunger. In the later case, the cart tends to roll away from contact with the plunger before it is released.
Reference slide B for this.

Introduce some different ways to measure differences in motion. Say, One student should keep track of when a car reaches the finish line. In
this case, if you release two carts at the same time, using the same amounts of force, then what should we see happen? Students should say that
they will reach the finish line at the same time.

2 · PLAN OUR INVESTIGATION
MATERIALS: science notebook, 2 pages of notebook paper or 1 page of notebook paper and a copy of optional scaffolding: Speeding an Object Up with a Spring Scale Launcher, chart
paper, markers, computer and projector

Identify the variables in the investigation. Show slide C. Have students title their notebook paper with the investigation question: “How
do different amounts of force on the same object change its motion?”✱✱ Ask students where they can look back in their notebooks for
examples of what we mean by independent, dependent, and controlled variables. Students should provide multiple examples (e.g.,
Lesson 4). Explain that this calibration plan they are creating with their group is part of what you want to collect from them at the end
of the period for assessment.

Give students about 3 minutes to identify and record their variables.

ALTERNATE
ACTIVITY

If you feel students need additional scaffolding, you could provide a blank copy of Speeding an Object Up
with a Spring Scale Launcher for this part of the investigation planning.

Create a calibration plan for your devices. Say, The next thing you will need to create is a calibration plan. Ask students if they have ever heard
the word “calibration” before. Accept all responses. Say, In science or engineering, the word calibration means to measure the accuracy of a
device, instrument, system, or process and to adjust it, as necessary, so it conforms to a certain standard over the range of its operation. Add this
word to the word wall. Have students work in their groups to record their plan for this part of the investigation.

Suggest that since they have two carts and two tracks, they could either have one person release both carts when another person says,
“Ready, set, go,” or two people can try to time the release to happen at the same time. This latter option is possible with help from a
third person who is counting down and the two holding the carts can see and hear a clear signal of when to release them. Demonstrate
one way to do this is by slowly dropping your hand and then hitting the table when you say “go.”

Say, Even with great timing, you might discover that something about your two systems is producing different outcomes even though you are
pulling back the springs the same amount and releasing them at nearly the exact same time.

Ask for ideas of things that might be slightly different on both tracks or carts that could result in variation in results even when you are
pulling both plungers back the same amount. Students may say things like dirt or debris on the track or the wheels. Suggest that
swapping the carts between both tracks can help you isolate whether any of these things are a factor. Remind students that twisting the
white knob on the spring scale can help adjust them so that they both are at a starting value of 0 N rather than a little higher or lower in
one vs. the other.

✱✱ SUPPORTING STUDENTS IN
THREE-DIMENSIONAL LEARNING
 
This is closely aligned to task NGSS PE MS-
PS2-2 with regard to exploration of
unbalanced forces: “Plan an investigation
individually and collaboratively, and in the
design, plan an investigation to provide
evidence that the change in an object’s
motion depends on the sum of the forces
on the object.” The remaining part of this
PE (“and the mass of the object”) will be
targeted in the next lesson.



15 min

Begin writing an investigation plan. Present slide D. Read through the instructions and have them start their write-up of this on a
separate sheet of paper. Explain that this is also part of the investigation plan you want to collect from them at the end of the period
for assessment. Give 3 minutes for this. Pass out the two spring scales to each group that they will be using as they write this up. They
will find it beneficial to inspect these as they plan. Guidance for what to look for in this section of their plan is provided in the
assessment guidance section of this document.

Create a data table to record results. Pause group work and give the remaining instructions. Show slide E to explain the last thing
groups should plan for before going to use the equipment: how they will record their results when they are testing different

combinations of force applied to one cart vs. another. Read through the instructions together and tell students that they have the
remaining time to finish the calibration plan and create a data table to record the results they plan to collect as a group on the same
loose sheet of paper (or extras if they need them). Remind students to consider how they will coordinate taking turns at the different
jobs so everyone in the group can have a chance working with the carts if they wish. Explain that this data table is the last part of what
you want to collect from them at the end of the period for assessment.

ASSESSMENT
OPPORTUNITY

You will collect these two sheets from students when they are done adding their discoveries to their
individual Progress Tracker.

Look for students
identifying the independent variable as the amount of force applied to an object,
identifying the dependent variable as the change in motion of the object, and
identifying controls, including the positioning of the cart on the launcher, lining up the spring
scales, and timing the release of the carts.

Look for a calibration plan that includes
testing the launchers side by side with the same amount of force more than once,
evaluating some difference/similarity in their motion (e.g., the difference in speed, time to cross a
finish line, position relative to each other when they cross a finish line, etc.), and
inspecting the launchers to identify possible sources of error and/or adjusting the carts, spring
scales, tracks, or other method for launching the carts.

Look for a data collection table that includes
space to record two or more combinations of different force amounts in one launcher vs. another
and the resulting change in motion for both carts,
space to record two or more trials for each combination, and
a record of data collected from all combinations tested and trials conducted.

3 · CARRY OUT THE CHANGE IN MOTION LAB
MATERIALS: Change in Motion Lab

Monitor lab work. Check to see that groups are involving all members in the data collection. This is lab can easily have 5 different roles
that people rotate through (e.g., two people who are launching, one who says, “Ready, set, go,” and two who watch and record the
motion changes of the carts. Roles can rotate, too, between doing the calibration tests and the remaining data collection or between
different data collection trials.



8 min4 · ADD TO OUR PROGRESS TRACKER AND NAVIGATION
MATERIALS: science notebook, computer and projector

Introduce navigation. Bring students back to their regular seats. Show slide F. Give students four minutes to update their Progress
Trackers.

Show slide G. Discuss predictions and reasons as a class. Some students are likely to say the increase in mass (or weight) will affect how
much it speeds up.

Before the class ends, say, We know that mass affects the amount of damage in a collision as does speed, but now I hear some of you saying that
mass may affect how much something speeds up. It sounds like we have an opportunity for you to design another investigation tomorrow. I look
forward to giving you feedback on your investigation designs from today.  
Collect the students’ two pages of investigation plans now.

Additional Lesson 10 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-LITERACY.SL.7.1.B Follow rules for collegial discussions, track progress toward specific goals and
deadlines, and define individual roles as needed.
This ELA goal is the focus of the investigation--planning, coordination, and implementation for groups
before and during the lab.


