
LESSON 9: How can we get something to do as much damage as possible in a
collision?

PREVIOUS LESSON We developed a Gotta-Have-It Checklist of ideas from the first seven lessons. We used those ideas with evidence from previous activities to explain why a
phone and/or a TV break when they accidentally collide.

THIS LESSON 
 

INVESTIGATION 
 

1 day 
 

We are wondering what is going to make something more effective at damaging a fragile object in a
collision. We decide that speed and mass are worth looking closely at. We plan and conduct 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. Before the first investigation, we spend
time talking about variables and procedures, but our teacher gives us a plan to follow. In the second
investigation, we identify important variables and plan procedures in our small lab groups. We determine
that we need a more consistent way to control for speed.

NEXT LESSON We will 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 we will use them to collect data on how the amount of force applied to a stationary object affects how much its motion changes.

BUILDING TOWARD NGSS 
 

MS-PS2-1, MS-PS2-2 
 

WHAT STUDENTS WILL DO 
 
Plan and carry out investigations to produce data to identify patterns that reveal potential cause and effect relationships between speed,
mass, and damage in a collision.
 
WHAT STUDENTS WILL FIGURE OUT 
 
Both mass and speed are important factors in determining the damage caused by a collision.

The more mass an object has, the more damage it can cause in a collision.

The faster something is moving before a collision, the more damage it can cause during the collision.

Getting a controlled launch to make sure the speed is the same in each trial is tricky.



Lesson 9 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 10 min NAVIGATION
Brainstorm some factors that we think will affect the size of the force in a collision.

A-B chart
paper,
markers,

2 13 min PLAN FOR OUR FIRST INVESTIGATION
Model the steps to choose an investigation question, determine the important variables, and create a table to collect data. Establish a rubric
and icon system to quantify damage.

C-E chart
paper,
markers,

3 20 min CARRY OUT OUR INVESTIGATION
Carry out the investigation of the impact of speed on damage in small groups.

F Speed
Investigat
ion

4 2 min EXIT TICKET G paper,

End of day 1

5 8 min NAVIGATION H

6 20 min DESIGN AND CARRY OUT OUR OWN INVESTIGATIONS
Students design investigations in their groups to determine a relationship between mass and damage, including identifying the independent
and dependent variables, drawing the data table, and writing out the procedures.

I-J Mass
Investigat
ion

7 15 min ANALYZING DATA FROM BOTH INVESTIGATIONS
Compare and explain patterns across both investigations using the Patterns I Noticed/What It Means charts to establish that both mass and
speed are important in determining damage.

K-L

8 3 min NAVIGATION
Motivate a better launcher by considering our challenge to design something destructive and discussing the limitations of our experimental
design.

M

End of day 2



Lesson 9 • Materials List
per student per group per class

Speed Investigation materials 1 plastic cart
1 aluminum track
2 large textbooks
1 package of graham crackers (mostly unbroken
at least nine crackers)

Mass Investigation materials 4 large washers
1 plastic cart
1 aluminum track
2 large textbooks
1 package of graham crackers (mostly unbroken)

Lesson materials science notebook
paper

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. 



Lesson 9 • Where We Are Going and NOT Going

Where We Are Going

Students figure out that mass and speed are both important factors in determining how much damage can be done in a collision. They use forces to discuss this relationship. A more
massive object requires more force to stop or slow down. A faster-moving object will also require more force to stop or slow down. More force on the moving object will mean more
force on the fragile object (Newton’s third law), so it will be more likely to break. While it is not called out explicitly in these lessons, these conclusions lay the groundwork for Newton’s
second law (F=ma), which we will develop further in subsequent lessons. A faster-moving object must slow down more as it collides in order to stop, which requires more force.

Where We Are NOT Going

Although students will begin to develop relationships between mass, force, and change in motion (bigger mass takes more force to stop), students will not learn the mathematical
representation for Newton’s second law (F=ma), nor will they use acceleration to describe forces directly. Students also do not figure out anything about the relative impact of mass
versus speed on damage. Speed is a more important factor in determining damage due to the relationship between kinetic energy, mass, and speed (KE = / mv ). Mass and kinetic
energy are related linearly, while the kinetic energy increases with the square of speed. However, this unit uses the lens of forces to explain collisions and damage, so we will not address
this relationship here.

1 2 2



10 min

LEARNING PLAN for LESSON 9
1 · NAVIGATION
MATERIALS: science notebook, chart paper, markers

Motivate the need to investigate speed and mass. Say, Sometimes things break in a collision and sometimes they don’t. But what if we want to
make sure something breaks? We’ve been talking about designing some kind of destruction tool. Let’s think a little more about what we would need a
tool like that to do.

ADDITIONAL
GUIDANCE

For the majority of this lesson, students will be using damage to talk about the results of their
investigations. However, in order to make the connection to other science ideas developed in this unit, we
will begin and end with a conversation about forces.

The relationship between force, mass, and change in motion is tricky as it is easy to fall into the habit of
saying that something more massive makes a bigger force. A more productive way to think about forces in
this context is that they cause the change in motion of objects in a system. If it is hard to change the
motion of something, a larger force will be required to make it stop, go, slow down, or speed up. In the case
of the moving cart, the more massive and fast-moving the cart is, the more force it will require to slow it
down in a collision and eventually stop it. Because it is predetermined that the cart will stop (the books
behind the cracker ensure that this is the case) and because the force to stop the cart in the collision will be
equal and opposite to the force on the graham cracker, changing the mass and speed of the cart directly
affects the forces experienced by the graham cracker and thus the damage. Avoid falling into the trap of
saying, “Mass and speed cause forces to be bigger or smaller.”

Brainstorm factors that will affect the force from a moving object on a fragile object in a
collision. Display slide A. Remind students about our collision types using the image on the
slide. Tell students that we will be thinking about collisions where one object is moving and
hits something fragile, a type B collision.

Say, We figured out that things break when enough force bends them past their elastic limit. In the
anchor, we brainstormed some factors that we thought would affect whether or not something
breaks in a collision. Now that we know that forces are important when it comes to inflicting
damage, can we brainstorm some factors that we think will affect the size of the force from the
moving object on a fragile object in a collision? Turn and talk with a partner.

Display slide B. Record student ideas on chart paper at the front of the room under the title
“Factors that affect the size of the force on the fragile object.” Listen for students to suggest
the speed at which the other object is moving or the mass/weight/size of one or both of the
objects.

Stop and Jot about how our ideas have changed. Say, We did a similar brainstorm at the
beginning of this unit, thinking about factors that might affect whether or not something broke. Turn
back to that page in your science notebook. How has your thinking changed? Jot down some ideas on
the opposite page about how your thinking has changed.

Solicit 1-3 student responses to encourage students to be metacognitive about their own thinking before moving on.



13 min

ADDITIONAL
GUIDANCE

Students may use the terms mass, weight, and size interchangeably. As students have not yet learned about
gravity, this is to be expected. Don’t worry about this conflation right now as it should not get in the way of
conceptual understanding about the factors that affect forces.

2 · PLAN FOR OUR FIRST INVESTIGATION
MATERIALS: science notebook, chart paper, markers

Brainstorm ideas for investigations. Say, Let’s start with speed. We can think about mass tomorrow. So what we want to know is if speed is
important in determining damage. It sounds like the question we want to answer is “How does speed affect how much damage something causes in
a collision?” Write this question on chart paper at the front of the room. Say, What can we do to answer this question? Look for students to
suggest that we throw or slide something faster or slower at something else. This is sufficient detail for right now.

Determine the important variables. Say, OK, it sounds like we want to try throwing or sliding something at something fragile.

Suggested prompt Sample student response

What is the variable that we will be changing every time we slide
something at the fragile object?

Speed.

Display slide C. At the front of the room, record the following below the investigation question:

Independent variable = speed
Dependent variable =

Say, We call the variable that we are changing the independent variable. The dependent variable is the factor that we are measuring to see how
much the independent variable affects it. What is the variable that we need to measure here to see how speed is affecting it?

Look for students to suggest damage. Students will likely suggest force first. If so, say, Force would be the perfect thing to measure here.
What I’m worried about, though, is that it will be too difficult to measure force when we are launching something because we won’t be able to take a
measurement quickly enough. Hold up the force scale to illustrate why it would be difficult to use. Say, We know force is related to
damage.Could we use damage instead of force?

Write “damage” next to “dependent variable” on the chart paper at the front of the room as shown in the example below.

Say, Are both the independent and dependent variables in our investigation question? When students point them out, underline speed and
damage in the question at the top of the chart paper.



Establish mass as a controlled variable. Say, We are not testing mass today, so we need to make
sure that the mass of the cart stays the same every single time. When we keep something the
same in an experiment, we call that “controlling the variable.” We are controlling mass.
Underneath the independent and dependent variables, write “Controlled: mass.” Ask, How will we
keep the mass the same every time? Look for students to suggest that we keep the cart empty and
don’t add anything to it. Say, The variables that we have to control aren’t usually in our
investigation question because they represent the things we are not interested in measuring. Do
we have anything about mass in our investigation question? Students should say no.

Introduce the damage rubric. On a new piece of chart paper, write “Damage Rubric” at the top.
Underneath, divide the paper into three rows. Label the first row “No damage,” the second row “a
little damage,” the third row “medium damage,” and the fourth row “A lot of damage.”

Develop the damage rubric. Display slide D. Say, I’ve got graham crackers here that we can roll our
carts at. We need to come up with a way to talk about how much damage has been done so that
we can measure our dependent variable. On the slide are some examples of graham crackers with
varying degrees of damage. Can we can break these up into no damage, a little damage, medium
damage, and a lot of damage? Develop a rubric as a class for what “no damage,” “a little damage,”
“medium damage,” and “a lot of damage” looks like. Solicit student ideas about how to describe the
types of damage and the levels of damage seen in the slide image. Make sure that “a lot of
damage” includes not only cracks but crumbs as well. Record the rubric in the rows of the poster as
shown in the example.



Set up the data table. Display slide E with the example data table. Ask students to copy this table
into their science notebooks. Say, If there is no damage, record an O in your data table. If there is
a little damage, record one X in your data table. If there is medium damage, record two X’s in your
data table. And if there is a lot of damage, record three X’s in your data table. As you explain this
to students, add X’s into the damage rubric at the front of the room.

Point out that we will be testing each condition more than once. Say, I’d like you to test each condition multiple times. That’s why
there are three trials in this table.

Suggested prompt Sample student responses

Why do you think it is better to do the same speed roll more than once
before moving on?

Because we might get it wrong the first time.

It might be hard to read the graham cracker.

There might naturally be a lot of differences in the result of the
experiment where sometimes there is a little more damage and
sometimes there is a little less.

Independent variable: Speed

Slow roll Medium roll Fast roll

Dependent variable:
Damage

Trial 1

Trial 2

Trial 3



20 min

2 min

3 · CARRY OUT OUR INVESTIGATION
MATERIALS: Speed Investigation, science notebook

Carry out the investigation in groups of 3-4 students. Organize students into small groups. Display slide F. In their small groups,
students should follow the directions on the slide to roll empty carts along a track into a graham cracker that is propped up against two
books. Students will have to decide in their groups what a “slow” roll, a “medium” roll, and a “hard” roll look like. Encourage students as
you walk around to choose only one person to do all three rolls in an attempt to keep the speeds consistent. That person will have to do
three “slow” rolls, three “medium” rolls, and three “fast” rolls. After each roll, students should record their observations of what happened
to the graham cracker using the rubric for damage we developed as a class.

Independent variable: Speed

Slow roll Medium roll Fast roll

Dependent variable:
Damage

Trial 1 XX

Trial 2 X XX XXX

Trial 3 X XXX

4 · EXIT TICKET
MATERIALS: paper

Exit ticket. Display slide G. Have students respond to the following question as an exit ticket: “What patterns did you notice in the
data at first glance?”

End of day 1



8 min

20 min

5 · NAVIGATION
MATERIALS: science notebook

Look for patterns in our data in our groups. Display slide H. Have students sit in the same groups that they were in last time. Say, Open
up your science notebooks to the data that we collected last time. Last time, we ended by looking for patterns in the data. What patterns did you
notice in your data tables? On two new pages of your notebooks, make a table like the one on the slide. On the left page, record a pattern you notice
in your data. On the right page, on the same line as the pattern that you saw, record what you think the pattern means. If you notice more than one
pattern, feel free to add another row.✱

Have students share ideas with their group. Circulate among the groups to make sure that the following pattern has emerged to
drive conversation later on:

The faster the rolling object, the more damage it inflicted.
If students have not noticed this pattern, probe them to find out if the pattern doesn’t exist in their data or if they are simply not seeing
the pattern.

✱✱ SUPPORTING STUDENTS IN
ENGAGING IN ANALYZING AND
INTERPRETING DATA
 
Scientific investigations produce data that
must be analyzed and interpreted in order
to derive meaning. Explain to students that
it is important for scientists to organize
their data in a way that makes patterns
more obvious, like the data table they are
using. This allows scientists to analyze the
data and look for patterns. Once scientists
identify a pattern through data analysis,
they need to interpret it. For example,
students may notice a lot of X’s on the right
side of the table. This is an interesting
pattern that can be confirmed by
comparing with other groups. But what
does that pattern mean for the relationship
between speed and damage? This step
gives meaning to the experiment and helps
us figure something out about the natural
world.

6 · DESIGN AND CARRY OUT OUR OWN INVESTIGATIONS
MATERIALS: Mass Investigation, science notebook

Solicit suggestions from students about investigation questions. Display slide I. Say, It sounds like we observed that speed is important in
determining how much damage is done in a collision. But when we were brainstorming the other day, we decided that mass might be important, too.
Can we write a question to investigate if mass is important?

Look for a question that mirrors the speed question and clearly indicates the variables that should be tested. For example:
How does mass affect how much damage something causes in a collision?
What is the relationship between mass and damage in a collision?

If students struggle, remind them about the question we investigated last time. Can they replace a couple of words in that question to
make a new question? Spend no more than three minutes on this as students may need between 15-20 minutes to plan and carry out
their investigations.

Students plan out their procedures and investigate in small groups. Display slide J. In small groups, students should determine the
independent, dependent, and controlled variables and design a data table and procedures. Remind students to use the same rubric we
developed for the speed investigation to determine qualitative “damage.” Provide weights that students can add to carts, but don’t be
specific about how much weight to use. Let them develop their own procedures, but circulate around the room to ask questions and
keep students on track.



15 min

ASSESSMENT
OPPORTUNITY

Encourage groups that are struggling with this to spread out around the room, visiting other groups and
observing their activity for a couple minutes before regrouping to develop their own procedures. Remind
students that building on the ideas of others is not cheating in this context and that scientists almost
always cite others’ work in making experimental decisions.

7 · ANALYZING DATA FROM BOTH INVESTIGATIONS
MATERIALS: science notebook

Look for patterns on our own and share with our groups. Display slide K. Have students make another Patterns I Noticed/What It Means
chart in their science notebooks. This chart should be on the right-hand page, corresponding to the chart they made for the speed
investigation. They should again turn their science notebooks sideways for landscape orientation. When they are done, give them a
couple of minutes to share with their small groups before bringing the whole group back together.

Suggested prompt Sample student response

What did we figure out about what affects the damage in a collision? Both mass and speed are important.

How is speed important? Faster motion equals more damage.

How is mass important? More mass equals more damage.

Make a connection to forces. Say, Let’s make a connection to the speed of an object and the forces on the fragile object. We know that both
objects will experience the same size force, so more force on the moving object will mean more force on the fragile object. More force will make it
more likely to break. That means that if we understand the forces on the moving object, we will also understand if the fragile object is more likely to
break.



Suggested prompt Sample student response

Which requires more force to stop or slow down: something with
more mass or something with less mass?

A more massive object requires more force to stop or slow down.

Which requires more force to stop or slow down: something moving
fast or something moving slowly?

A faster-moving object will also require more force to stop or slow
down.

Say, Forces cause changes in motion. It takes more force to change the motion a lot and less force to change the motion a little. If your change in
motion is predetermined, then you know it takes more force to make that change in motion for massive objects and less force to make that change
in motion for less massive objects. If you are trying to protect your phone, for example, and have control over the situation (you don’t always get to
make this choice), you want a slow-moving, light thing to hit your phone. If you want to increase the chances that something does as much damage
as possible, go for a fast-moving, massive thing.

ADDITIONAL
GUIDANCE

Many science texts incorrectly assert that bigger masses and bigger speeds cause bigger forces. It may be
more likely that massive, fast-moving objects exert larger forces, but there is no guarantee that this is the
case because forces are an interaction between two things. You can never say how big a force is by
considering the characteristics of only one object in the interaction. Forces cause changes in motion, not the
other way around. The prompts in this lesson are designed to reflect this cause and effect relationship
accurately.

ADDITIONAL
GUIDANCE

Students do not figure out anything about the relative impact of mass versus speed on damage. Speed is a
more important factor in determining damage due to the relationship between kinetic energy, mass, and
speed (KE = 1/2m*v^2). Mass and kinetic energy are related linearly, while kinetic energy increases with the
square of speed. However, this unit uses the lens of forces to explain collisions and damage, so we will not
address this relationship here. Kinetic energy of objects in a collision will be addressed in future versions of
this unit.

Add to our Progress Trackers. Display slide L. Have students open up to their Progress Trackers and record
the lesson question in the left column. Say, On your own, record the ideas you have about speed and mass and
damage in the right column. Give students a couple of minutes to express their current thinking using any
combination of words and drawings. Some examples of what students might choose to represent are
below.



3 min8 · NAVIGATION
MATERIALS: None

Think about how to apply what we figured out. Say, If we are building a launcher/destructor and we want to increase the chances that it will
produce more damage when it collides with something, we want it to be massive, and we want it going fast. It won’t guarantee lots of damage, but it
is clearly the best way to increase the likelihood that there will be bigger forces in the collision and thus produce more damage on the delicate
object.

Motivate the need for a better launcher. Display slide M. Ask, Was it easy to control the speed of the cart? Why or why not? What do you think
we could do to fix that?

Listen for students to say that it was tricky or difficult. Let a couple of students share their experiences and frustrations if there is time.
Highlight student ideas about “controlling” for how fast the cart was going.

Say, It sounds like we really need a way to control for how an object is sped up rather than using ourselves to push it. We need a controlled way to
give it the same amount of push and deliver different levels of push. Let’s pick up there when we meet next time.


