
 
 

 

 

 

Dear Fellow Educators, 

We are excited to offer the BotsIQ Upcycle Challenge as an opportunity for you to provide a hands-on 

engineering and design challenge to your students.   

As a part of this lesson plan, you will find the following resources: 

 Teacher Reference Guide with Next Generation Science Standards alignment, lesson objectives, 

and manufacturing career connections. 
 A student information sheet with directions, suggested materials, and resources. 
 Optional background information, resource links and extension activities. 

A general overview of the Upcycle Challenge is:  

Students will research and design a combat robot!  They can sketch designs or use a CAD/3D 

modeling software to create their bot.   

They will collect materials to make their bot from supplies found at home.  Actual bot parts or 

materials should not be used.  

They will manufacture and assemble their bot, including all systems (drive, weapon, power, and 

frame and armor).   

Photos of the completed prototypes can be shared with us!   

If possible, they can share a photo on social media (Facebook, Twitter, or Instagram).  
Use the hashtags #BotsIQ and #UpcycleChallenge and tag us (@botsiqswpa) so we can find it! 

Or share a photo via our JotForm (https://form.jotform.com/conklin/upcycle-challenge) 

We hope you will also join in the design challenge and share your designs with us!   

If you have any questions, please reach out. 

Sincerely, 

Michel Conklin      

Executive Director, BotsIQ 

conklin@ncsquared.com    

https://form.jotform.com/conklin/upcycle-challenge
mailto:conklin@ncsquared.com


 

 

 

 

 

 

Teacher Reference Guide 
Standards 

 

NGSS HS-ETS1-1.  Analyze a major global challenge to specify 
qualitative and quantitative criteria and constraints for solutions that 
account for societal needs and wants. 

NGSS HS-ETS1-2.  Design a solution to a complex real-world problem 
by breaking it down into smaller, more manageable problems that 
can be solved through engineering. 

NGSS HS-ETS1-3. Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that account for a range of 
constraints, including cost, safety, reliability, and aesthetics as well as 
possible social cultural, and environmental impacts. 

NGSS HS-ETS1.4.   Use a computer simulation to model the impact of 
proposed solutions to a complex real-world problem with numerous 
criteria and constraints on interactions within and between systems 
relevant to the problem. 

Science and 
Engineering 

Practices 
Disciplinary Core Ideas 

Crosscutting 
Concepts 

 

Formulating, 
refining, and 
evaluating 
empirically testable 
questions and 
design problems 
using models. 

Develop a model to 
generate data to 
test ideas about 
designed systems, 
including those 
representing inputs 
and outputs. 

Apply scientific 
ideas or principles 
to design parts of a 
system and the 
complete system. 

Evaluate competing 
design solutions 
based on design 
criteria. 

Use computer 
simulations to 
predict the effects 
of a design solution 
on systems and/or 
the interactions 
between systems. 

Models of all kinds are 
important for testing 
solutions. 

The iterative process of 
testing the most 
promising solutions and 
modifying what is 
proposed on the basis of 
the test results leads to 
greater refinement and 
ultimately to an optimal 
solution. 

There are systematic 
processes for evaluating 
solutions with respect to 
how well they meet the 
criteria and constraints of 
a problem. 

Computer models can 
test different ways of 
solving a problem or 
allow the student to see 
which one is most 
efficient or economical; it 
also allows the student to 
make a persuasive 
presentation to a client 
about how a given design 
will meet his or her 
needs. 

Models can be 
used to represent 
systems and their 
interactions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Objectives 
 

The student will:  

 Research and design a combat robot. 

 Evaluate accessible, everyday 
materials to upcycle  

 Create a prototype model of the 
robot that was designed. 

 OPTIONAL: Design a CAD or 3D model 
of the combat robot with correct 
dimensions. 

Manufacturing Career Connections 
 

Manufacturing facilities consume large 
quantities of energy and resources to create 
their products.  In addition to impacting the 
environment, these costs influence the 
company’s profits.   Every manufacturing 
company needs to understand their direct 
and indirect costs and minimize the amount 
of waste (or profit loss) they create. 

Lean manufacturing is an approach that 
manufacturers used to create a highly 
optimized system that improves product 
quality, increases productivity, improves 
processes, reduces cost, and eliminates 
waste.     

One way manufacturers reduce waste is by 
recycling their byproduct.  Byproduct is a 
secondary product derived from the 
manufacturing process.  For example, during 
the machining process, small aluminum chips 
are created from when the larger piece is cut.  
These chips are collected in barrels and 
recycled by the manufacturer.   

As the cost of materials and energy increases, 
manufacturers are going to continue to look 
for ways to save money.  Manufacturing 
Engineers, Lean Manufacturing Specialists, 
and Continuous Improvement Managers will 
be in-demand careers.  To be successful, a 
student will need a solid understanding of the 
manufacturing process, possess advanced 
critical thinking and problem solving skills, 
and have strong oral and written 
communication skills. 



 

 

 

 

  

Student Information Sheet 

  Directions 
 

Research combat robot (bot) designs.  (See below 
for some resources.) 

Design a bot that:  

 Has a weapon and includes all 
components of the weapon system. 

 Has a chassis (frame) with armor. 

 Includes all components for a drive 
system. 

 Includes all components for a power 
system. 

Identify and collect common, everyday items from 
around your house to repurpose and upcycle to 
make your bot model. (See the list of suggested 
materials for ideas.) 

Manufacture and assemble a prototype of your 
bot.  The prototype should have all components 
from the design (including the weapon system, 
drive system, power system, frame and armor).   

Modify your design as needed. (Be sure to update 
your blueprint.) 

Share your prototype with us!  We love seeing and 
sharing student work.   

If you are able, share a photo on social 
media.  Use the hashtags #BotsIQ and 
#UpcycleChallenge and tag us 
(@botsiqswpa) so we can find it!  

Or share a photo via our JotForm 
(https://form.jotform.com/conklin/upcycle-
challenge) 

Resources 
 

Combat Robot Design Information 
 
 
 
 
   Riobotz                        Instructables                          Battlebots 

Materials 
 

Most materials are appropriate for this activity.  But 
here are some guidelines for selection:  

 No materials should be used that are 
dangerous or actual weapons.   

 No actual bot parts or components should be 
used. 

 Challenge yourself to reuse, recycle, and 
repurpose materials around your house.    

 
Here are some suggestions: 

  Upcycle Materials 
 

Flattened Cardboard or Paperboard (like empty pizza or 
cereal boxes) 
Plastic Containers, Jars, Lids, Jugs, or Bottles 
Food & Beverage Containers 
Cups 
Paper Towel or Toilet Paper Tubes 
Cans 
Foil 

Other Materials 
 

Rubber bands 
Tape 
Paper 
Hangers 
String 
Craft Sticks 
Playing Cards 
Index Cards 
Blocks  
Legos 
PVC Pipe 
Scrap Wood 

https://form.jotform.com/conklin/upcycle-challenge
https://form.jotform.com/conklin/upcycle-challenge


 

Background Information 
 

Benefits of Recycling 

 Reduces the amount of waste sent to landfills and incinerators 

 Conserves natural resources such as timber, water and minerals 

 Increases economic security by tapping a domestic source of materials 

 Prevents pollution by reducing the need to collect new raw materials 

 Saves energy 

 Supports American manufacturing and conserves valuable resources 

 Helps create jobs in the recycling and manufacturing industries in the United States 

 

Steps to Recycling Materials 

Recycling includes the three steps below, which create a continuous loop, 

represented by the familiar recycling symbol. 

 

Step 1:  Collection and Processing 

There are several methods for collecting recyclables, including 

curbside collection, drop-off centers, and deposit or refund 

programs.  

 

After collection, recyclables are sent to a recovery facility to be sorted, cleaned and processed 

into materials that can be used in manufacturing. Recyclables are bought and sold just like raw 

materials would be, and prices go up and down depending on supply and demand in the United 

States and the world. 

  

Step 2:  Manufacturing 

More and more of today's products are being manufactured with recycled content. Common 

household items that contain recycled materials include the following: 

  

 Newspapers and paper towels 

 Aluminum, plastic, and glass soft drink containers 

 Steel cans 

 Plastic laundry detergent bottles 

 

Recycled materials are also used in new ways such as recovered glass in asphalt to pave roads 

or recovered plastic in carpeting and park benches. 

  

Step 3:  Purchase New Products Made from Recycled Materials 

You help close the recycling loop by buying new products made from recycled materials. There 

are thousands of products that contain recycled content.  

 

Content Source: https://www.epa.gov/recycle/recycling-basics  
  

https://www.epa.gov/recycle/recycling-basics


 

Additional Resources 

 
 Waste Management Recycle: https://www.wm.com/us/en/inside-wm/recycle-

right/recycling-101  

 Recycle Across America:  https://www.recycleacrossamerica.org/recycling-facts  

 Road Runner Smarter Recycling Blog:  https://www.roadrunnerwm.com/blog  

 United States Environmental Protection Agency:  https://www.epa.gov/recycle  

 

Lean Principles 

 https://www.manufacturing.net/home/article/13193437/the-principles-of-lean-manufacturing  

 https://www.asme.org/topics-resources/content/5-lean-principles-every-should-know  

 https://www.youtube.com/watch?v=sKIgvsZvBtI  

 

Lean Management 14 Principles of the Toyota Way  

 https://www.youtube.com/watch?v=42C2JL-SZ64  

 

Sustainability in Industry 

 General Motors:  https://www.gm.com/our-stories/sustainability.html  

 Shell Oil:  https://www.shell.com/sustainability/our-approach/sustainability-at-shell.html  

 

Educator Resources: 

 https://www.epa.gov/recycle/reduce-reuse-recycle-resources-students-and-educators 
  

https://www.wm.com/us/en/inside-wm/recycle-right/recycling-101
https://www.wm.com/us/en/inside-wm/recycle-right/recycling-101
https://www.recycleacrossamerica.org/recycling-facts
https://www.roadrunnerwm.com/blog
https://www.epa.gov/recycle
https://www.manufacturing.net/home/article/13193437/the-principles-of-lean-manufacturing
https://www.asme.org/topics-resources/content/5-lean-principles-every-should-know
https://www.youtube.com/watch?v=sKIgvsZvBtI
https://www.youtube.com/watch?v=42C2JL-SZ64
https://www.gm.com/our-stories/sustainability.html
https://www.shell.com/sustainability/our-approach/sustainability-at-shell.html
https://www.epa.gov/recycle/reduce-reuse-recycle-resources-students-and-educators


 

Possible Extensions 
 

1. Get a jump start on your teams 2020-21 BotsIQ Documentation 

 Have your students create a shared document or submit their research to you.   

 Rather than create hand drawings and sketches, have your students use CAD 

software to draw their creations.  (While we are not restricting students to stay 

without our Technical Guideline parameters, you can require their drawings to 

be.)  Use the GrabCAD app and have them share their CAD file with you. 

 Have students create a wiring schematic to go with their weapon and drive 

systems. 

2. Presentations 

 Have your students create a video or PowerPoint/Slides presentation (with voice 

over) about their design.  They can include their research, design, and prototype. 

Don’t have the same group of students next year?  These videos and 

presentations will help your new group understand more about the bot-building 

process! 

3. Enroll your students in BotsIQ Academy’s Tooling-U Intro to Manufacturing course.   

 Classes like Basics of Manufacturing Costs 140 and Lean Manufacturing Overview 

101 will help them understand manufacturing’s perspective on reducing waste.   

 Depending on their background knowledge, there are a lot of introductory 

classes to help them understand circuits, assembly, mechanical and physical 

properties, and more.  (To register, go to 

https://www.jotform.com/conklin/botsiq-academy-registration)  

https://www.jotform.com/conklin/botsiq-academy-registration

