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Statistics 

Using Catapults to explore the Statistics 

 

 

 

 

Objectives 

Students will be able to: 

 Work as a team to solve a problem. 

 Understand and test hypotheses.  

 Record and analyze data. 

 Analyze graphs generated from data. 

 Draw conclusions based on findings generated by experimentation. 

Standards 

This lesson aligns with the following National Science Content Standards  

 Unifying Concepts and Processes in Science, K-12 

 Science as Inquiry, 5-8 and 9-12 

 Physical Science, 5-8 and 9-12 

 Science and Technology, 5-8 and 9-12 

 History and Nature of Science, 5-8 and 9-12 

Materials 

 Statistics presentation (overheads or digital) 

 4-8 Catapults (4-5 students per catapult) 

 Per Catapult: 

 Three adjustment dowels 

 One size 60 rubber band for each catapult 

 Masking tape  

 3 Ping-pong balls 

 Metric Tape measure (3meter minimum) 

 Pencil 

 Clipboard 

 Target (small baskets or soccer cones make good targets) 

 “Catapult Variables” diagram (Appendix A) - optional to print for students 

 “Catapult Challenge” data sheet (Appendix B) – 1 copy per team 

 “Catapult Challenge Results” data sheet (Appendix C) – 1 copy to complete for class

Grade Level:  7-9  Group Size: 20-30 

Time:  45-60 Minutes  Presenters:  2-3 
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Preparation  

Request a large room for the lesson – a cafeteria, gym or empty classroom is ideal. A 

computer/projector or overhead transparency machine is required for the introductory 

presentation. It is useful to have a whiteboard or other means to tally information for the 

conclusion. 

Each catapult station should have a container with the following supplies: clipboard, data sheet, 

pencil, two new rubber bands, three adjustment dowels, 3 balls, tape measure, masking tape, 

accuracy target. Volunteers should assemble the catapults ahead of time. 

Optimum setup is to place the catapults along one side of a large room (typical distance 

required for shooting is about 5 meters).  There should be about 1.5-2 meters between each 

catapult. The catapult front “foot” should be placed on a masking tape line (or existing floor 

feature that represents a line). The tape measure should be extended from the line straight in 

front of the catapult approximately 5 meters and locked. Note: Do NOT allow students to unlock 

the tape measures to put them away, as they can be injured.  

Introduction  

 

Using the PowerPoint presentation 

Slide 1: “Catapults & Statistics” 

Welcome the students & talk about using statistics to predict how these catapults work 

Slide 2: “Agenda” 

Walk through the agenda – Introduce all Micron (and other) volunteers 

Slide 3: “Pop Quiz” 

 Who can find the 3 ping pong balls?  

Click the mouse to reveal circles around the 3 ping pong balls 

Slide 4: “Pop Quiz (continued)”  

Ask question #2, then question #3 – wait for students to raise their hands. 

 For those of you that raised your hand for the 1
st

 question, but not the 2
nd

. Good For 

You!  Since you like math, you may be more likely to work at it. 

 For those of you that raised your hand for the 2
nd

 question, but not the 1
st

, You’re 

Lucky!  You may not like it, but since it is easier for you that will give you an 

advantage. 

 If you raised your hand for both – Hooray! 

Move to question #4 & call on a student 

 m = Slope of a line 

 b = y-intercept 

 

Click the mouse to reveal question #5 – we will answer this question today. 

 Mathematics plays a major role in the bottom line of industrial 

organizations, and helps companies perform better in today’s data-

driven marketplace. 
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Slide 5: “Statistics” 

Statistics is the science of collecting, analyzing, & presenting data. 

 

Applied Mathematics 

 From US News: “The applied math discipline is geared toward students who 

hope to use their mathematical prowess in business organizations, 

government agencies and other job sites.” 

 New application areas are constantly being discovered and established 

techniques are being applied in new ways and in emerging fields. 

Consequently, a wide variety of career opportunities are open to people with 

mathematical talent and training. 

 There are 2-year associate’s degrees, 4-year bachelor’s degrees, as well as 

masters and PhDs 

 

Q: Who has used the Scientific Method?  

Wait for hands to go up  

 

Q: What did you find useful about it?  What did it help you accomplish? 

Call on a few students to answer – if students don’t answer: * organized method to 

collect data * data collected is reliable * experiment is repeatable *  

Slide 6: “Statistically Designed Experiments” 

Today we are going to use the catapults for our Statistically Designed Experiment.  This 

method organizes our experiment and focuses our time and effort.  We want to know 

the relationship between the input variables and the output variables. 

 

Looking at the formula y=mx+b 

Q: How many input variables? A: One, it is ‘x’  

Q: How many output variables? A: One, it is ‘y’ 

 

We rearrange the equation, so the ‘b’ is pulled out in front: y=b+m
1

x
1

+m
2

x
2

+m
3

x
3

+ …  

Q: What do the multiple ‘mx’ combinations mean?  A: Multiple ‘x’ input variables 

Q: How many output variables?  A: Still just one – ‘y’ 

Slide 7: “The Catapult Experiment” 

Read Slide – point out the final bullet – what would be the advantage of rotating vs. 

sticking with one job? 

Slide 8: “Catapult Variables” 

Q: How many variables – just count what you see on the slide? A: 5 

Q: How many settings per variable – all the same.  A: 3 

Q: How many possible combinations?   

A: 3*3*3*3*3 – 3 settings applied across 5 variables – 243 – 3 to the power of 5 

This is where the ‘Statistically Designed’ aspect of our experiment is applied 

Demonstrate how the catapult works – show the 3 settings for each variable/factor – See 

PAGE 7 in this document for details on all the variables. 
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Slide 9: “Catapult Variables” continued 

We are going to remove TWO of the variables – the ARM TENSION & UPRIGHT TENSION.  

This means that you will NOT be moving the rubber band.  If your rubber band breaks, 

we can replace it (consider how a new rubber band may influence your results). 

Q: Now, how many possible combinations of settings?  

A: 3*3*3 – 3 settings applied across 3 variables – 27 – 3 to the power of 3 

 

Q: Do we need to test ALL THREE settings for each variable?  Which can we leave out of 

the first round of this ‘Statistically Designed’ experiment? 

A: We can leave out the MIDDLE setting for each variable.  If we test the HIGH & LOW 

setting for a variable, and there is no, or very little different in the result, then the 

MIDDLE setting will not give a different results.  If the results from the HIGH & LOW 

settings are quite different, then we may want to test the MIDDLE setting. 

Q: Now, how many possible combinations of settings?  

A: 2*2*2 – 2 settings applied across 3 variables – 8 – 2 to the power of 3 

Slide 10: “Statistical Hypothesis” 

We offer you two statements to choose from.  Your job is to prove or disprove one of 

them.  If you disprove the Null Hypothesis, then you will be prove the Alternate 

Hypothesis.  And Vice-Versa. 

Slide 11: “Catapult Experiment Worksheet” 

We have 8 combinations of settings that you will try.  You should launch at each setting 

combination 3 times.  Q: Why not just once?  A: allow for errors in launching. 

Slide 12: “The Catapult Experiment” 

▶ These are the team roles:  

 LAUNCHER – Launches the ping pong balls from the catapult 

 STABILIZER – Holds the catapult launch pad in place – if the catapult is not 

stabilized, it will hop forward 

 PROCESS LEAD – Guide the team through process – follow the Scientific Method 

& make sure the setting matches what the recorder is writing down 

 SPOTTER – Note where ball first hits – consider best method to capture accurate 

data 

 DATA COLLECTOR – record distance on paper in centimeters 

 (OPTIONAL E-RECORDER – Record data on the iPad ‘Numbers’ App) 

Remind students of earlier discussion about sticking with or rotating roles 

REFER TO PAGES 8 & 9 for details of how the Catapult launching proceeds 

Slide 13: “Let’s Start the Experiment” 

Steps #1 & #2 of Scientific Method - You are going to follow the Scientific Method.  After you 

state your problem, you should build on your knowledge of how the Catapult works by doing 

some practice launches.  You are NOT recording any measurements at this time. 

Leave this slide up on the screen while the students get to know their catapults.  After a few 

minutes, move to the next slide and get their attention. 
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Slide 14: “Continuing with the Scientific Method” 

Steps #3, #4 & #5 of Scientific Method  

Step #3 – Discuss with your team your choice for the hypothesis.   

 Null Hypothesis: None of the 3 factors affect the distance the ball travels 

 Alternative Hypothesis: At least one factor affects the distance the ball travels  

 Your team’s Hypothesis: Identify WHICH combination of settings will send the ball 

the longest distance 

 IF you make your own hypothesis, put a star next to the combination your 

team believes will send the ball the longest 

Decide QUICKLY who will take each role for the team – if you have a ‘process lead’ he/she will 

decide who does what.  The next slide will remind you of the different roles. 

Steps #4 & #5 – start launching! 

 

Slide 15: “Quickly decide who will perform each team role” 

Some teams take a long time to decide – VOLUNTEERS: help them assign roles, move to their 

positions & get going to the launch activities – sometimes the students all hover around the 

catapult, rather than move to the proper position to perform their roles. 

 

Catapult Challenge 

Statistical Null Hypothesis: None of the variable settings on the catapult will 

influence the distance the ping pong ball flies 

 

Q: What would the Catapult Experiment look like of the above Hypothesis is correct? 

A: No matter what the settings, the ball will land at the same location every time it is launched. 

 

Proving or disproving the Statistical Hypothesis 

 

 Research the Topic:  Understand your topic and gather information related to your experiment 

to best approach a solution. In this experiment you will shoot a few balls at different settings 

and make some preliminary observations. 

 Ask Questions. 

 Investigate past experiments. 

 Define the variables, things in the experiment you can control or change.  What 

are the variables in this experiment? 

 Define the constants, things in the experiment you can’t control or change.  

What might be some constants in this experiment?  

The uncontrolled variables in this activity may be: 

 Air thickness/density 

 Wind 

 Rubber band elasticity 

 Human factors (human error) 

 

Your Research step will be to shoot a few balls and observe what the different settings produce.  

 

At a later time students will be given about 5 minutes to “research” the operation of the 

Catapult. Stress that during this time they will not be filling in the data sheet – they will just be 

making preliminary observations. 
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How are you going to prove (or disprove) the Hypothesis:  None of the variable settings on 

the catapult will influence the distance the ping pong ball flies 

 

Give an example of how to record their hypothesis on the data sheet by choosing which 

variables will achieve the desired result for the stated problem. 

 

Perform an Experiment: You need to set up an experiment that can prove whether the 

hypothesis is true or false.  The experiment will consist of trials, variables, constants and an 

outcome. 

 Trials are the number of experiments you try.  

 Replication is an important part of experimentation.  Can the results be 

repeated? 

 Variables can be changed or adjusted. 

 Constants are recorded. 

 The outcome of each trial is recorded. 

Explain that teams must complete at least 6 of the 8 possible trials. Using the short form, many 

of the teams will be able to complete all 8 trials. Discuss why it is important to test additional 

trials in order to prove or disprove the hypothesis. 

 

Gather and Record Data:  Carefully record the results you achieve from each trial in the 

appropriate location. 

Point out that each trial must be performed three times, to obtain consistency and determine if 

your data is valid, and the distance noted in the appropriate place on the data sheet. 

 

Q: Why must each trial be performed at least three times? 

A: Repeating the experiment helps to guard against a bad or “outlier” data points. If one of the 

data points is vastly different from the others, there was a problem with that experiment, and 

that data can be disregarded or the launch should be redone. 

 

One person is recording the launch distances on paper, another is recording on the iPAD in the 

‘Numbers’ application.  Be sure the proper numbers are being written in the correct variable 

setting combination. 

 

Analyze Your Results:   When you have completed your experiment, determine if your results 

support or disprove the Statistical Hypothesis.  Look at the data on the iPAD in the graphical 

form.  Notice the trends of the graphs. 

 What do the numbers mean? 

 Did you achieve your main goal? 

 Was the experiment conducted properly and consistently? 

 If not, how can you change a variable, or the experiment, to achieve the desired 

results? 

 

Draw Your Conclusion: After you have performed your experiment and analyzed your results, 

determine whether your results proved or disproved the Statistical Hypothesis.  Note which 

combination of setting launched the ball the longest distance. 

 Do you need to perform a different experiment? 

 Do you need to conduct more trials? 

 Can you change a variable to get you closer to your desired results or outcome 

or do you need a new experiment? 

 

Report Your Results and Conclusion:  Your results and conclusion should be reported for 

others to see and use.  Reporting your results will help you to remember what you did and can 

aid in future research for others. 
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Researching the Equipment 

Refer to the catapult drawing (Appendix A). Using one of the Catapults, explain and 

demonstrate each factor and level to students. Depending on the age of the students and the 

time available, the activities can be adapted. For example, you could limit the variable settings 

to high and low, or you could allow adjustments to only three or four of the factors. The “Arm 

Tension” and the “Upright Tension” are typically not varied for brevity of the lesson. 

 

The catapult has five variable factors, and each factor has three discreet levels (see Appendix A) 

These descriptions are mainly for background information, not to be part of the lesson. 

Students will be exploring these factors on their own in the “Research” part of the activity. 

The controllable variables are: 

 

 Elevator height – affects the initial angle at which the ball is thrown.  It is important to 

note that two different elevator heights can actually produce the same distance if the 

launch angles are equally offset from 45 degrees.  The maximum distance is typically 

produced at 45 degrees. 

 

 Ball seat position – determines how hard or fast the ball is thrown.  The farther a ball is 

from the center point of rotation, the faster the ball will be traveling. 

 

 Turntable stop position – determines how much stored or potential energy is created.  

Stretching the rubber band is stored potential energy waiting to be released.  Once it is 

released, it becomes kinetic energy or energy of motion. 

 

 Upright tension position – adjusts the amount of force used to throw the ball.  It works 

in combination with the arm tension. 

 

 Arm tension position – works in combination with the upright tension.  Different rubber 

band settings may change how hard the ball is thrown.  The highest on both 

adjustments won’t necessarily throw the ball the hardest. 

 

 Ball size, type, and weight – the more compact and dense a ball is, the further it will 

travel once thrown.  A smaller heavy ball, such as a steel marble, will travel farther than 

a large light ball like the ping-pong ball.  The air acts to resist or slow the ball while the 

weight acts to continue carrying the ball.  The act of carrying the ball forward is known 

as momentum. 

 Note:  This is not a variable we will be adjusting for this activity. We will use only 

ping-pong balls in this particular experiment. 
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Catapult Challenge Activity 

 

Divide the class into small teams, 5-6 students maximum. Each team should have the Catapult 

Challenge data sheet (Appendix C). It can be determined ahead of time how many factors will 

be varied, and which data sheet is appropriate. First task is to fill out team member names. 

 

Before you begin, assign the roles for members of the group, including: 

 Launcher 

 Data recorder 

 Distance marker 

 Ball retriever 

 Factor adjuster 

Although students will want to rotate through the roles, explain why it is beneficial for just one 

person to act as the launcher, so as not to introduce another variable. Teams can determine 

whether or not to adhere to this guideline. 

 

Have students move to their catapults and begin the activity. Following is a suggested timeline: 

 

Activity Timeline: 

 

 State the Problem 

This should be the first thing students do. 

 Research the Topic (5 minutes) 

Students will shoot a few balls while adjusting the various factors. Observations 

should be noted on the data sheet in the appropriate space.  

 Develop a Hypothesis (2 minutes) 

Students must come up with a hypothesis before going on to the experiments. 

Volunteers should verify this task before each team can proceed. 

 Perform an Experiment, Gather & Record Data (15 – 20 minutes) 

Students will choose which trials to perform (including the hypothesis), and then 

proceed as previously outlined. It should be noted that an average will not be 

computed for the distance, rather the true furthest distance will be used, 

provided it is not an outlier data point. 

 Analyze your Results (varies) 

After finishing a minimum of 50% of the trials, teams will answer the questions 

regarding their experimental findings 

 Draw Conclusions (varies) 

Students will draw conclusions as they answer the questions, then will move on 

to the “Accuracy Challenge”, using the data and conclusions from the activity. 
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Accuracy Challenge – 10 minutes, or as time is available. 

 

Now your task is to find the combinations on the catapult that will result in shooting a ball the 

closest to a specified target. You should be able to use the data you recorded and your 

observations from the distance challenge to develop your hypotheses for each distance. 

 

As a team, examine your data from the distance challenge to see what differences each setting 

of the factors made. You will be assigned a distance to place your target.  Your team will need 

to adjust the variables to determine which combination will reach the target. 

Assign different target distances for each team.  Have the teams determine the best settings for 

the catapult and attempt to hit the target.  Teams must record each setting they try, noting 

whether or not it seems like a valid trial after the first try. Once they hit the target, have them 

repeat the test at least two more times to determine if it was a valid test. 

 

Record all your observations on the handout. Your time limit for this challenge will be 10 

minutes.  If you are successful with your shot, try it at least two more times to test for 

repeatability. 

 

 

Conclusion 

 

We now want to statistically analyze the results of each group. 

 

For the Distance Challenge, let's compare your settings to see if they are the same. If each 

catapult were exactly identical, the settings for the greatest distance should also be identical.  

 

Either using the whiteboard or the “Catapult Challenge Results” transparency, tally the results 

for each team: 

 Did you prove or disprove the Statistical Hypothesis? 

 What were the settings that produced the furthest launch? 

 What was the distance achieved? 

 

Help the students analyze the data to see if it can be determined which factor(s) made the most 

difference in distance. Oftentimes teams will have different settings as their longest launch 

factor – explain what the other variables could have been (rubberband, launcher, etc.) 
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The remaining conclusion questions can be discussed as time allows. 

 

 

Q: How is the path of a projectile altered when the catapult settings are altered? 

 

Q: Which catapult settings(s) alters the projectile path the most? 

 

Q:  Did you get the same results with each trial? 

 

Now let’s discuss your settings for accuracy. Here we should see more variety, especially if the 

targets for each team are different.  

 

Q: When you tackled the accuracy problem, was it valuable to have a record of your previous 

tests? 

 

Review the process they used to solve the problems. 

 

Q: How many possible combinations did you find? On the board demonstrate a 3x3 matrix to 

establish the process for determining the number of combinations possible. Students should 

arrive at 35 or 243 possible combinations. 

A: 3 x 3 x 3 x 3 x 3 (Three (3) variables for each of 5 factors) 

 

Q:  Was the experiment performed consistently and correctly? 

A: Answers to all the questions will vary 

 

Q: Is all the data valid? 

 

Q: What are the advantages of working as a team to solve problems? 

 

Q: What issues did your team have to resolve to work together efficiently? 

 

Q: What did you learn about the scientific method?



Appendix A - Catapults 
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Catapult Variables 

H 

L 

H 

H 

H 

L 

L 

L 

H 

L 

M 

M 

Showing High (H), Medium (M) and Low (L) settings. 
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Elevator Ball Seat Turntable 

HIGH HIGH HIGH 

low low low 

 

 

 

 

 

 

 

Statistically Designed Experiment 

Catapult Challenge  

Form 1: Short Form; 3 factors, 2 variables 

 

Part One:  Distance    

 

State the Problem: Find what setting launches the ping pong ball the longest distance. 

 

Research the Topic:  Explore the use of the catapult and observe what happens when you 

change the variables. Take notes but do not collect data. 

1. Elevator? ________________________________________________________ 

2. Ball Seat? _______________________________________________________ 

3. Turntable? ______________________________________________________ 

Statistical Hypotheses (pick one – put a checkmark next to the one you pick):   
 Null Hypothesis: None of the 3 factors affect the distance the ball travels 

 Alternative Hypothesis: At least one factor affects the distance the ball travels  

Perform an experiment: 

 Check the 5 options in the table below that you will use to evaluate your hypothesis. 

Gather and record data: 

 Run each trial three times and record the distance in the appropriate box. 

 

 Option Elevator Ball Seat Turntable  Distance Shot 

      1 2 3 

 1 HIGH HIGH HIGH     

 2 HIGH HIGH low     

 3 HIGH low HIGH     

 4 HIGH low low     

 5 low HIGH HIGH     

 6 low HIGH low     

 7 low low HIGH     

 8 low low low     

 

Analyze the results:  Did you prove or disprove Hypothesis you chose?  

 (circle one)  Proved it / Disproved it 

 

Which combination shot the ball the furthest?   

Circle the three settings 
 

Which factor(s) influenced the distance the most?  

______________________________________________________________________________________ 

Team Members 

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 
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Part Two:  Accuracy 

 

Problem #2: What are the catapult settings that will shoot the ball the closest to the target? 

 

Using the data gathered in the Distance Challenge, choose the factor settings that you think will 

shoot the ball the assigned distance.  

 

1. Write down the assigned distance 

2. Write down the factor settings that you think will achieve this distance (NOTE: 

you may choose the Medium setting, and all the factors can be used, if desired) 

3. Attempt the shot 

 If the shot is close, try again 

 If the shot is nowhere close, choose another setting 

 If you make the shot, try 2 more times with that setting  

 

 Factor Settings (L, M or H)     

Assigned 

Distance 

 

Elevator 

Ball Seat  

Turntable 

Success 

(Y or N) 

Test 1 Test 2 Test 3 

        

        

        

        

        

        

        

        

        

        

 

 

How many times did you have to try before you hit your first target? ______________________ 

 

What was your overall success rate for hitting the targets? ____________________________________ 

 

Which factors influenced the accuracy the most? ______________________________________________ 

_____________________________________________________________________________________________ 

 

Explain how your group zeroed in on the correct settings for the distance assigned. ___________ 

_____________________________________________________________________________________________

_____________________________________________________________________________________________ 
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Catapult Distance Challenge Results 

 

Use the appropriate table to tabulate results. 

 

 

 

 (short form) Factor Settings (H, L)  

 

Group 

# 

  

Elevator 

 

Ball 

Seat 

 

Turntable 

Furthest 

Distance 

 

1 

Hypothesis    --- 

Actual     

 

2 

Hypothesis    --- 

Actual     

 

3 

Hypothesis    --- 

Actual     

 

4 

Hypothesis    --- 

Actual     

 

5 

Hypothesis    --- 

Actual     

 

6 

Hypothesis    --- 

Actual     
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Catapult Distance Challenge Results 

 

Use the appropriate table to tabulate results. 

 

 

 (long form) Factor Settings (H, L)  

 

Group 

# 

  

Elevator 

 

Ball 

Seat 

 

Turntable 

Arm 

Tension 

Upright 

Tension 

Furthest 

Distance 

 

1 

Hypothesis      --- 

Actual       

 

2 

Hypothesis      --- 

Actual       

 

3 

Hypothesis      --- 

Actual       

 

4 

Hypothesis      --- 

Actual       

 

5 

Hypothesis      --- 

Actual       

 

6 

Hypothesis      --- 

Actual       

 

 

 

 

 


