
Teacher Guide
Algorithms&AI: AppliedMachine Learningwith Catapults

SUGGESTED LESSON PLAN - 50 minute periods

Total Time ~90-120 minutes

● 35 minutes to watch the lab introduction video

● 30-45 minutes for students to design, build and test their catapult.

● 15-20 minutes for students to analyze their data and apply their predictions to the problems in their workbook
or worksheet.

● 10-20 minutes for a closing activity or discussion

Optional Extension Activities

● 0-10 minutes Google Teachable Machine (Optional Activity #1)

● 0-20 minutes TensorFlow (Optional Activity #2)

(Note: An optional 30-45 minutes can be scheduled to do a Wrap-Up and QA with an Engineer and College Mentor at
Teacher's discretion).

Hook/Essential
Question Howdomachine learningmodels like ChatGPT learn from their users?

Supplies to Have
in Class

ETAlgorithms&AI Kitmaterials can be found at the end of this file.

Standard household/classroommaterials shouldwork for catapult construction.

Additional Items to Consider Having onHand:
● Additional Popsicle sticks (structure)
● Cotton balls (as an alternate projectile to limit bounce)
● Plastic spoons (basket)
● Tapemeasure or yardstick tomeasure distance for gathering data

Optional
Pre-Work

Have students watch the first 21 minutes of the intro video providing the background for the
challenge and answer the questions through slide 6 of the student workbook.

Class #1

Introduction,
Research, and
Design

Watch the Engineering Tomorrow: Algorithms&AI Intro Recording on the Algorithms&AI
webpage either as a class or assign background section as pre-work (see above).
➔ Have students answer the questions in the first 6 slides of the studentworkbook
➔ Watch the rest of the video that outlines the instructions for the challenge.

Students begin to design their catapult→ research designs, reviewmaterials, generate an initial
design concept and describe in their workbook (slides 1-13) or worksheet
(1 workbook orworksheet per team suggested)

https://engineeringtomorrow.org/labs/algorithms-ai
https://engineeringtomorrow.org/labs/algorithms-ai
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Class #2

Building, Testing,
and Analyzing

➔ Students build their initial design

➔ Students test their design and document catapult performance data

➔ Students use Google Sheets or Microsoft Excel to analyze the data they recorded

➔ Students use the analysis they just performed to complete their workbook or worksheet

Part of Class #3

Possible Closing
Questions and
Activities

*Studentsmay not have completed the analysis of their data or their workbook/worksheet.
Data analysis and subsequent notebook completion could bemoved to a third class period,
followed by a thought provoking question and group discussion*

Class DiscussionQuestion: How do ethical considerations impact the development and
deployment ofmachine learningmodels and AI systems?

Machine learning and AI systems, while beneficial, can perpetuate biases, lack transparency, and
raise privacy concerns. These issues highlight the importance of developing ethical AI practices
to ensure fairness, accountability, and respect for privacy.

INTRODUCTION TO ENGINEERING TOMORROW:

● Click here to see an introduction ofwhat Engineering Tomorrow can do for your students.

INTRODUCTION TO THE ENGINEERING DESIGN PROCESS:

● Students should complete the Engineering Design Process Introduction Activity before starting the lab
○ NOTE: This activity only needs to be completed before the student’sfirst ET lab, not repeated

for every lab.

TEACHER NOTES:
● Students will work through the Algorithms and AI Student Workbook or Abbreviated Student Worksheet.

○ When assigning this lesson onGoogle Classroom, firstmake a copy of the slides to savewithin
your Google Drive, then assign so that each student has their own copy.

○ Theworkbook andworksheet are designed to be interactive so that students can type directly
into the files. It is suggested that theworkbook orworksheet be completed over a few class
periods (as the information is delivered to students).

○ Studentsmaywork individually or within groups (at the discretion of the instructor).

ASSESSMENT:
● Informal assessments can be completed by looking at the reflection slides within the Student Workbook and/or

the discussion questions in the Abbreviated Worksheet.

● Answer Keys can be found here for:
○ Abbreviated Worksheet Answer Key
○ Student Workbook Answer Key

2024-08-15_v1.0

https://www.youtube.com/watch?v=hgAX78g2M88
https://docs.google.com/presentation/d/1aBOgalGiRTa2zVILvACqz9ccBupsXQrUNynZx957H70/edit?usp=sharing
https://docs.google.com/presentation/d/1UPnOrxtoCAT2MSccinWc4XNeK7ZmrSQnQSE-xMyMGHY/edit?usp=drive_link
https://docs.google.com/document/d/1zQL9lrjXBHqApedJR4-JROTS-0H4mfgf6N8_yUbWKog/edit?usp=drive_link
https://docs.google.com/document/d/1I-xKGhjy7cLI-3yKUs6sjMlQR58EBQOnw7Q6fB_Dsig/edit?usp=sharing
https://docs.google.com/document/d/1gILjih3HDI350dMMBdBiHU5eXpEqn1FOTkC8xAnTdAA/edit?usp=drive_link
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OPTIONAL EXTENSION ACTIVITY #1:
Create an AI sorter using Google’s TeachableMachine
● Students will decide on two classes (or categories) of items theywant to identify and sort. Students

upload pictures to provide themachine data for classifying the objects.
● [Note - the ‘train’ function is similar to short videos that providemultiple pictures of an object].
● Once the computer is “trained”, the students will test the computer’s ability to sort various objects.

Students will also calculate themachine’s efficiency based on the number of correct answers and the
number of trials completed.

OPTIONAL EXTENSION ACTIVITY #2:
Explore a simple neural network using TensorFlowPlayground, a free, open-source software simulation that
gives students a chance to tinker with a real machine learning program.
● Students will see the connections between the catapult challenge they just completed and the

machine learning algorithm used in the Playground
● Students will adjust the number of Features and the number of Neurons to build a simple neural

network capable of classifying data consisting of colored dots
● Students will record the error loss for their neural networkmodel for each of the four data sets built

into the TensorFlowPlayground simulation.

OTHER EXTENSION ACTIVITIES:
● Watch the video to learnmore about the physics of catapults
● Read this article to learn aboutmachine learning and artificial intelligence

ADDITIONAL TEACHING RESOURCES:

CurriculumConnections:
● Physics: 2D-Motion; ProjectileMotion
● FreshmanComputing: Predictive Analysis;

Using computers to analyze data andmake
predictions based on patterns and
relationships

● Statistics: Plotting Trendlines;Modeling
based on sample data

Studentswill be able to:
● Definemachine learning and provide real

world applications for where it is used.
● Describe the engineering design process and

apply it to the design and construction of a
catapult.

● Develop amathematical model that
describes the performance of the catapult.

● Create an algorithm based on the
performance analysis of the catapult.

Content Vocabulary/Terms:

● Machine Learning: a type of artificial intelligence that allows computers to learn from andmake
predictions based on datawithout being explicitly programmed

● MathematicalModel: a representation of a system usingmathematical concepts and language to
describe and predict its behavior
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https://teachablemachine.withgoogle.com
https://playground.tensorflow.org/#activation=tanh&batchSize=18&dataset=gauss&regDataset=reg-plane&learningRate=0.03&regularizationRate=0&noise=25&networkShape=2&seed=0.21257&showTestData=false&discretize=false&percTrainData=70&x=true&y=true&xTimesY=false&xSquared=false&ySquared=false&cosX=false&sinX=false&cosY=false&sinY=false&collectStats=false&problem=classification&initZero=false&hideText=false&problem_hide=true&activation_hide=true&learningRate_hide=true&regularizationRate_hide=true&noise_hide=true&batchSize_hide=true&percTrainData_hide=true&regularization_hide=true&stepButton_hide=true
https://www.youtube.com/watch?v=egZhg7v4NRs
https://www.forbes.com/sites/gilpress/2019/12/09/120-ai-predictions-for-2020/#7c23d3c450cf


Teacher Guide: Algorithms&AI

● Factor: an independent variable that ismanipulated or controlled in an experiment to observe its
effect on the response

● Response: the dependent variable that represents the outcome or effectmeasured in an experiment
as a result of changing the factor

ENGINEERING DESIGN STANDARDS:

● Next Generation Science Standards:
HS-ETS1-3 Engineering Design: Evaluate a solution to a complex problem based on prioritized criteria
and trade-offs that account for a range of constraints.

HS-PS3-3 Energy: Design, build, and refine a device that workswithin given constraints to convert one
form of energy into another form of energy.

● Computer Science Standards:
3A-AP-13: Create prototypes that use algorithms to solve computational problems by leveraging prior
student knowledge and personal interests.

3B-AP-08: Describe how artificial intelligence drivesmany software and physical systems.

2024-08-15_v1.0
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KIT MATERIALS: 1 kit per 3 students

Kit Item Photo Link (if applicable)

50 x Popsicle Sticks link

20 x Rubber Bands link

3 x Ping Pong Balls link

1 xMeasuring Tape link

Masking Tape/
Duct Tape

link
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https://www.amazon.com/Popsicle-Crafts%EF%BC%8CHome-Projects-Classroom-Supplies/dp/B092CMPBPW/ref=sr_1_6?crid=10GYDR1FGROKI&dib=eyJ2IjoiMSJ9.6VVZrhSwAD2zNbbMo4aN5_NZ0fcudiA-ZkWiWcmJrLQfGhpdQQtc__nOPdFLtQ0z3N7oit_p1bf-5r9zsT3bTTLSWwxsd5rQH0xXA369h9rQHyK2qOy7L40ojPjBVRiT2eYacF9HDBmwFpRdM5gRw8PllFdE8l4vUXFgFj2A0qt4-oliHTR12j8SjQs31qnXolk6nHelO8JnjZTSg8RvBo7qzRTNPrpSS63HPsyP_nVA5xsnMo5OJXDIDX8GAD2m9GFyZdhVUKAGB0J2DFI9TSy_bYB79OazyyVIzNH31h8.iZjzH6dCAEJjxRg8HP-CMajB9ZH4IMMow-Rceo_2cig&dib_tag=se&keywords=popsicle+sticks&qid=1718830529&sprefix=popsic%2Caps%2C111&sr=8-6
https://www.amazon.com/Alliance-26649-Advantage-Contains-Approx/dp/B008X09P96/ref=sr_1_10?dib=eyJ2IjoiMSJ9.1xPrTn2wIEaL4YYdy0e-W-36y9yw88fQqHHlLixzRKXFs60DOrFlfNt_-W0hcWze7PevOVHgpEP5DJP8xJ3XHbac1_jbo5qjRCtSsrsDN9Quf8PZqpGLDbyG8xY_7P8udxYncrX0onc8QPkQjSZF6_DobBjMoUyat4xNGSTC5dL01aHYxp3PD--qi3jougFyZ9m7SwUKpyqmWtRE0rmeGllIbpQvWiHnmuF67wZPIhX2SyNgmaznoBlAPTPKQRje5px4Kw6lfL50FmRLFfJWhOOw2zJXdwG3KXaxM32ocQQ.6JfQZZkVofsW4UYcBujZ_rPOT-BopZhtdzIpPLmzZWc&dib_tag=se&keywords=rubber%2Bbands&qid=1718135682&sr=8-10
https://www.amazon.com/sspa/click?ie=UTF8&spc=MTozODU0MzM0NzM0NDg5MTY4OjE3MTg4MzA0ODM6c3BfbXRmOjMwMDE2NDIyMDY1MzMwMjo6MDo6&url=%2FOIG-Brands-Washable-Professional-Ping-Pong%2Fdp%2FB09XJP7XGL%2Fref%3Dsr_1_21_sspa%3Fcrid%3D2Q1S8HPNIHVPD%26dib%3DeyJ2IjoiMSJ9.55bHb12PsHFUZHpaArZtMOX4m_xIcwGjJgwxT4QhSJl5YrpGoJPqAcc7j5cDspCQF-4qcyE5pXRwBS8aZciSilSIgsYb1g7KhcJdeboNJCdsTm5iVQwZwjkw8My3Rh-AfEj1Us2FeUdjQx-my8dScGNGyLQC6nUbykvNBt7PzeZ3CEAHKV9gK1qF0s3oeGGZO7idLYBLHF8ruJ8psBrG7lIec3vexfEfL9slrqUxzHzZPRc2aX4ReVMPyotJv_ULKCHdPirCgssYObEWtQ9njd2yNNFoxHrpN2STrl_iG8g.HoL6j5Jgu4olPaTBeirYh05IFJ4OswWaFxHBcKhKQ58%26dib_tag%3Dse%26keywords%3Dping%2Bpong%2Bballs%26qid%3D1718830483%26sprefix%3Dping%2Bpong%2Bball%252Caps%252C147%26sr%3D8-21-spons%26sp_csd%3Dd2lkZ2V0TmFtZT1zcF9tdGY%26psc%3D1
https://www.amazon.com/Measure-Flexible-Measurement-Centimetre-60-inch%EF%BC%88White%EF%BC%89/dp/B07MT89MCW/ref=sr_1_6?crid=3T62RXY5X1NNM&dib=eyJ2IjoiMSJ9.nEUalfKEy78EnK8-TEF40Dv2dTBslJjReNFALpW0BYFO5z3xCLgBkQ_9iGXMTEIHq8W0KnIkJBNu-orypELsou8IRms6hPB1za4Ne8THlvnaH0aOzj3bhMaL_V4hXcOYrHJOlYOzqhOqf5TXYI2TjSR01dqLQZD-jQtdQjCabw1A55AFKAciyEuxZ2d_llujksYSPBTV7WvF-U8BJZpkGJdmYD2fAZRTGVa4lCR9cj6I5Q2-qSJmnSntOUj8Qn2vddj4QpOHeUJBPGDGuE_cVnbJZ9NhwEMSBa1jbowz76U.oiWwq2VmIHYdjubDMPurt-KiyuZYRMh8_SDHQwiky_k&dib_tag=se&keywords=measuring+tape&qid=1718830579&sprefix=measur%2Caps%2C112&sr=8-6
https://www.amazon.com/Original-Strength-Duck-Silver-394475/dp/B0000DH4ME/ref=sr_1_3?dib=eyJ2IjoiMSJ9.UfaG_lHBcEyeepeUcMIUHB1uN3gheI7YoNVVnMvWgQwBueDZfrm9iiOqHPbLe_SLY08fRcjwN34MU15BYErLiUzoNoff9ae73Lmxstgbh9E_PY65MuAax3xeo3KGeBkeWFlNZ-bxR4Zg5ZtDl2hWwTJBe9vGZVTemJukoQKahHtyHRSpRvkPxD5Y5fsG9SY3iq2zqXhrVXMC9NRaWYw1H-XWr6WiQ6OYMErGKrcl2CY.-yt0CEiMJ2mUlCs0_kzdiUlB-0IY2RjFqrgZKuWLghI&dib_tag=se&hvadid=557195538621&hvdev=c&hvlocphy=9016261&hvnetw=g&hvqmt=e&hvrand=18374057519876461038&hvtargid=kwd-570041832233&hydadcr=8375_13469708&keywords=duct+tape+on+amazon&qid=1724266308&sr=8-3
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UTILITY KIT: 1 utility kit per 10 students

Kit Item Photo Link (if applicable)

1 x Hot Glue Gun +
3 xHot Glue Sticks

link

1 x Ruler link

1 x PermanentMarker link

1 x Scissors link
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https://www.amazon.com/sspa/click?ie=UTF8&spc=MTo3OTI2NzE0MDc5NzczODUxOjE3MTg4NDA1NDQ6c3BfYXRmOjMwMDE4NDQ4ODM2MjYwMjo6MDo6&url=%2FKrightlink-Sticks-School-Crafts-Repairs%2Fdp%2FB0BC878ZRG%2Fref%3Dsr_1_1_sspa%3Fcrid%3D1YUBPH65CEVKQ%26dib%3DeyJ2IjoiMSJ9.QYArds5F8uA_MgksoRB96El_iahp-Lts7EfqVOI4AjgHUZOpxgB1DoY23SFeO3eaIYSRAUZR-dpKLzJIA9kQNM-buGueeQKe5OL8gNsqe6_Q6pjhmwzrFvUlVGPLbzBups_W7wJViY8hIQC1CQvzZ6AuV7PBkbTUgTgcw2f5_KUdn2MisQRAQnYxts3hevx0amF0WxEIihwT4fNepbkymfSevROf4MQjgKVDeynCd26uYaFvitHFlum10goexHIq-cxIyhT6CVmlzYP-BT27wqNG2hfpmkJPQ8LlIkZkK7E.rhMpETuad70XsToLymz6q7a9I6lTVSExMGe0OktbwOM%26dib_tag%3Dse%26keywords%3Dhot%2Bglue%2Bgun%26qid%3D1718840544%26sprefix%3DHOT%2B%252Caps%252C115%26sr%3D8-1-spons%26sp_csd%3Dd2lkZ2V0TmFtZT1zcF9hdGY%26psc%3D1
https://www.amazon.com/Fiskars-01-005358-Wooden-Ruler-Inch/dp/B005IZLXPI/ref=sr_1_6?crid=311K4N1224OXY&dib=eyJ2IjoiMSJ9.adGh5kgqS08c_ap5ddDoZpPI5DYaQeFY31rtErVac5JbhaMUoRL3FlCfS6QMccfoExliUEfbj-09gYuzN3Mguup6jTCFK_511SOnQ43K-lCEKal0ghIaU98RdGnM9gmyYJ18pq2wJL6gm78QWvw_6gOBgNOcQqCpJj6ZcpRfsopANO0wovsWirV7VI3oKQdR3Ff5n_T6MQjx2o1kW4ZyC0ZvI7vlG2LrbklFGMkb1oGY2IFlr4QmyvE8XM5uWMPaHLJymW84V8Kj3iuzxQwDxR-XubLuI0XClPmSaOWmnC4.w1d9P3DXz__vrx4PoDLE4giX0b2vxD2lwIDob9Tco_k&dib_tag=se&keywords=ruler&qid=1718840604&sprefix=ruler%2Caps%2C109&sr=8-6
https://www.amazon.com/Sharpie-Permanent-Marker-Point-Black/dp/B000I0TZO4/ref=sr_1_5?crid=3CWD5R24W4NYX&dib=eyJ2IjoiMSJ9.7Ubmam-W0RMbujvObafHEUzTQD3K3kOG51HSm1ozz1epU5VZMiX1kqAkkg_ioAF1B2fel-PAjPl2wHfAuPk_61ZYSSFM-YmtiKpX1dWFb8C6LlAh3jDcJ0x2YiRndUTDTx25xt0AF2vYbNE4ytyjMXlwTG9ANb3tdt0vGlpYhutWhU8MgIrfywvqNHisrZZ8l3HyXPdW5MCb6dgYme_CIIqW0Zf4XF8WEKudvLe4hYj1fD7wKDBlCSAqyj7YlNQt8zpYCROQ0wyeTOp3888WRsuOBy4m6LG58Tbgz19inD4.aZgE7bPknZ2WXun98qfezedPeSl97QxR85ZIdevKDnQ&dib_tag=se&keywords=permanent+markers&qid=1718840629&sprefix=perma%2Caps%2C109&sr=8-5
https://www.amazon.com/Scotch-Multi-Purpose-Stainless-Scissor-8-Inches/dp/B001BKFTB8/ref=sr_1_9?crid=26JZ5L8D90WA1&dib=eyJ2IjoiMSJ9.AuTb1rmIjozj-m8FDEc7PGbLdq1QO6urb7aqd6mSImyRMIHAD1u6_01aUz5rrxr0ObwRGcZ3kHnhrEHryYWJ8yLCIL0QdMAmMUKCKLU5W7G7Wlo3-Hba3xWwG5F-SvptJwfVi7rYw6TxL8RcXY4gCn_1mL8nxBgl43Eg9IhFHl7Jgt_FqkMGVTUAkETLE8q4KY2yzu6Jq8lhbWG45HQp12E8852KBAggzIjdsg9_aWeLP8qz3bXpkdD4EZtxNr6SiovnwT3I-BzT4ch-xly18uNZ6iD_CjbfmEprvZSqmQU.GanQIytgT5Cb3X3bKN2VWe3Js2efW6ERaaGD7vP-Yms&dib_tag=se&keywords=scissors&qid=1718840655&sprefix=scissors%2Caps%2C119&sr=8-9

