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Glen Ridge Public Schools – Computer Science Curriculum   

 
Course Title:  Robotics 

 
Subject:  Computer Science 

 
Grade Level: 9-12 
 

Duration: 18 weeks 
 

Prerequisite:  None 
 
Elective or Required: Elective 

 
Computer Science, Engineering, and Technology Mission Statement 

 
Since computational thinking and problem solving are integral parts of our lives 
and 21st century learning, students must be actively involved in their Computer 

Science, Engineering, and Technology (CSET) education. The CSET curricula will 
emphasize thinking skills through a balance of computation, intuition, common 

sense, logic, design, analysis, and technology. Students will use a combination of 
technology and critical thinking to solve real-world problems. To achieve these 
goals, students will be taught a standards-based curriculum that is aligned with the 

New Jersey Curriculum Standards. 
 

Course Description:   
 

Robotics is a high school elective which fulfills the Computer Science graduation 
requirement.  Students will be introduced to robotics and the engineering process 
using the Tetrix™ and Lego® MindStorms® NXT system.  The 21st century skills 

utilized in Robotics transfer to many emerging fields of studies and careers.       
  

This curriculum is based on the Carnegie Mellon Robotics Academy ROBOTC™ 
curriculum for TETRIX™ and LEGO® MINDSTORMS and supplemented with several 
online resources.  However, it can be implemented using other robotics languages 

and/or control units compatible with the TETRIX™ hardware.  The TETRIX™ system 
provides the ability to build mechanically complex robots which can perform 

sophisticated tasks.   
 

Author: Mayra Bachrach 

Date Submitted:  Summer 2016 
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Resources 
 

 Kee, Damien, Classroom Activities for the Busy Teacher: NXT 2nd Edition, 
2011 

 
Digital resources 
 

 Carnegie Mellon University Robotics Academy RobotC Video Trainer 
 

 Tetrix Getting Started Guide (also on CD): 
http://www.tetrixrobotics.com/GettingStartedGuide/index.htm 

 

 Bratzel, Barbara, Physics by Design with NXT Mindstorm, 3rd edition, College 
House Enterprises LLC, Knoxville, Tennessee: 

http://collegehousebooks.com/CHE%20Physics%20by%20Design.html 
 

 Intro to gears (Tufts Center for Engineering outreach) YouTube channel 

https://www.youtube.com/watch?v=G09_gHPATh8 
 

 A world in Motion Gears video: 
https://www.youtube.com/watch?v=D_i3PJIYtuY 

 
 Stem Robotics website: http://stemrobotics.cs.pdx.edu/ 
 

 Dr. Graeme’s Mountain Climber Gear Tutorial 
(http://www.drgraeme.net/DrGraeme-free-NXT-G-

tutorials/Ch30/Ch30V1BCG/default.htm 
 

 Dr. Graeme’s Building Sumo robots using Lego NXT 

http://drgraeme.net/drgraeme-free-nxt-g-tutorials/Ch46/SUMO-
G/default.htm 

 
 Building Sturdy Structures video (Tufts University Center for Engineering 

Outreach YouTube channel): 

https://www.youtube.com/watch?v=vo7_97qO6Xw 
 

 Technology in Education website: 
http://www.damienkee.com/home/2011/8/20/domabot-classroom-robot-
design.html 

 
 Pitsco Starter Bot building guide:  

https://www.tetrixrobotics.com/Builds/Easy/proj_13 
 

 Pitsco Cyclone robot building guide (also in PDF):  

https://www.tetrixrobotics.com/Builds/Easy/proj_14 
 

 Pitsco Ranger robot building guide (also in PDF): 
https://www.tetrixrobotics.com/Builds/Easy/Pitsco_Ranger_Robot 

http://www.tetrixrobotics.com/GettingStartedGuide/index.htm
http://collegehousebooks.com/CHE%20Physics%20by%20Design.html
https://www.youtube.com/watch?v=G09_gHPATh8
https://www.youtube.com/watch?v=D_i3PJIYtuY
http://stemrobotics.cs.pdx.edu/
http://www.drgraeme.net/DrGraeme-free-NXT-G-tutorials/Ch30/Ch30V1BCG/default.htm
http://www.drgraeme.net/DrGraeme-free-NXT-G-tutorials/Ch30/Ch30V1BCG/default.htm
http://drgraeme.net/drgraeme-free-nxt-g-tutorials/Ch46/SUMO-G/default.htm
http://drgraeme.net/drgraeme-free-nxt-g-tutorials/Ch46/SUMO-G/default.htm
https://www.youtube.com/watch?v=vo7_97qO6Xw
http://www.damienkee.com/home/2011/8/20/domabot-classroom-robot-design.html
http://www.damienkee.com/home/2011/8/20/domabot-classroom-robot-design.html
https://www.tetrixrobotics.com/Builds/Easy/proj_13
https://www.tetrixrobotics.com/Builds/Easy/proj_14
https://www.tetrixrobotics.com/Builds/Easy/Pitsco_Ranger_Robot
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 Pitsco Tetrix Max R/C Starter Set Builder’s Guide (also in PDF): 

https://c10645061.ssl.cf2.rackcdn.com/resources/42146_max_rcstarterset_
guidelowrez.pdf 

 
 Tetrix Builders Guide: 

http://www.tetrixrobotics.com/rcbuildersguide/resources.htm 

 
 RoboBench YouTube channel: 

https://www.youtube.com/results?search_query=robobench 
 
Software Tools 

 
 Google Chrome (or other web browser, such as Safari, Internet Explorer, etc) 

 
 ROBOTC™ 

 

  
  

https://c10645061.ssl.cf2.rackcdn.com/resources/42146_max_rcstarterset_guidelowrez.pdf
https://c10645061.ssl.cf2.rackcdn.com/resources/42146_max_rcstarterset_guidelowrez.pdf
http://www.tetrixrobotics.com/rcbuildersguide/resources.htm
http://www.tetrixrobotics.com/rcbuildersguide/resources.htm
https://www.youtube.com/results?search_query=robobench
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Curriculum Standards 

Technology 
8.1.12.D.5 Analyze the capabilities and limitations of current and emerging technology 

resources and assess their potential to address personal, social, lifelong learning, 

and career needs. 

8.1.12.F.1 Evaluate the strengths and limitations of emerging technologies and their impact 

on educational, career, personal and or social needs. 

8.2.12.D.1 Design and create a prototype to solve a real world problem using a design 

process, identify constraints addressed during the creation of the prototype, 

identify trade-offs made, and present the solution for peer review. 

8.2.12.D.6 Synthesize data, analyze trends and draw conclusions regarding the effect of a 

technology on the individual, society, or the environment and publish conclusions. 

8.2.12.E.1 Demonstrate an understanding of the problem-solving capacity of computers in 

our world. 

8.2.12.E.2 Analyze the relationships between internal and external computer components.  

8.2.12.E.3 Use a programming language to solve problems or accomplish a task (e.g., robotic 

functions, website designs, applications, and games). 

8.2.12.E.4 Use appropriate terms in conversation (e.g., troubleshooting, peripherals, 

diagnostic software, GUI, abstraction, variables, data types and conditional 

statements). 

 

21st Century Life and Careers 

9.3.IT‐PRG.4 Demonstrate the effective use of software development tools to develop 

software applications.   

9.3.IT‐PRG.5 Apply an appropriate software development process to design a software 

application.   

9.3.IT‐PRG.6 Program a computer application using the appropriate programming language.   

9.3.IT‐PRG.7 Demonstrate software testing procedures to ensure quality products.   

9.3.IT‐PRG.8 Perform quality assurance tasks as part of the software development cycle. 

 

 

21st Century Life and Careers – Career Ready Practices 

CRP1 Act as a responsible and contributing citizen and employee. 

CRP2 Apply appropriate academic and technical skills. 

CRP4 Communicate clearly and effectively and with reason. 

CRP6 Demonstrate creativity and innovation. 

CRP8 Utilize critical thinking to make sense of problems and persevere in solving 

them. 

CRP12 Work productively in teams while using cultural global competence. 

 

Mathematics 

Math Practices.1 Make sense of problems and persevere in solving them.  

Math Practices.2 Reason abstractly and quantitatively. 

Math Practices.3 Construct viable arguments and critique the reasoning of others. 

Math Practices.4 Model with mathematics. 

Math Practices.5 Use appropriate tools strategically. 

Math Practices.6 Attend to precision. 

Math Practices.7 Look for and make use of structure. 

Math Practices.8 Look for and express regularity in repeated reasoning. 
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English Language Arts 

NJSLSA.R1 Read closely to determine what the text says explicitly and to make logical 

inferences and relevant connections from it; cite specific textual evidence 

when writing or speaking to support conclusions drawn from the text. 

NJSLSA.R2 Determine central ideas or themes of a text and analyze their development; 

summarize the key supporting details and ideas. 

NJSLSA.R4 Interpret words and phrases as they are used in a text, including determining 

technical, connotative, and figurative meanings, and analyze how specific 

word choices shape meaning or tone. 

RI.11-12.4 Determine the meaning of words and phrases as they are used in a text, 

including figurative, connotative, and technical meanings; analyze how an 

author uses and refines the meaning of a key term or terms over the course 

of a text (e.g., how Madison defines faction in Federalist No. 10). 

RI.11-12.7 Integrate and evaluate multiple sources of information presented in different 

media or formats (e.g., visually, quantitatively) as well as in words in order 

to address a question or solve a problem. 

RST.11-12.3 Follow precisely a complex multistep procedure when carrying out 

experiments, taking measurements, or performing technical tasks; analyze 

the specific results based on explanations in the text. 

RST.11-12.4 Determine the meaning of symbols, key terms, and other domain-specific 

words and phrases as they are used in a specific scientific or technical 

context relevant to grades 11-12 texts and topics. 

RST.11-12.10 By the end of grade 12, read and comprehend science/technical texts in the 

grades 11-CCR text complexity band independently and proficiently. 

NJSLSA.W4 Produce clear and coherent writing in which the development, organization, 

and style are appropriate to task, purpose, and audience. 

NJSLSA.W9 Draw evidence from literary or informational texts to support analysis, 

reflection, and research. 

 
  



 

 
Last Updated: August 10, 2016  6 

 

Robotics  
 

Unit 1: Robotics and the Engineering Process 
     

Approximate # Of Weeks:  1 week 
 
Essential Questions:   

 
 What is a Robot? 

 Why have people developed robots? 
 How does the use of Robotics impact society? 
 What are the steps in the Engineering process? 

 How does the Engineering process apply to robotics? 
 How can the components of a Lego® MindStorms® NXT robotics kit be used 

to build a product? 
 
Upon completion of this unit students will be able to: 

 
 Explain what a robot is. 

 Describe real-life applications of robotics. 
 Discuss the impact of robotics on society. 

 Explain and apply the steps of the engineering process. 
 Identify and use the components of the Lego® MindStorms® NXT robotics 

kit  

 Design and build a robotics product using the NXT robotics kit.   
  

Interdisciplinary Standards  
 

 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.4, Math Practices 1 and 3, 21st Century Career Practices 1, 2, 3, 4, 8 
and 12, NJSLSA.W4, NJSLSA.W9, RST.11-12.3,  RST.11-12.4,  RST.11-

12.10,  RI.11-12.4,  RI.11-12.7 
 
Activities:  

 
 Lecture and class discussion 

 Activity: With a partner, students will discuss “What is a robot?” and “Why do 
people build robots?”  A class discussion will follow to identify the 
characteristics of a robot and applications of robotics. 

 Class discussion: Positive and Negative impact of Robotics. 
 Activity: With a partner, students will compare and contrast similar 

components of the NXT robotics kit to determine their characteristics and 
applications.  

 Project: Students will select a real robot, describe its capabilities and 

applications, and how it interacts with its environment.  Students will write a 
journal entry summarizing their research and share the information with the 

class.  
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 Journal Entry: Students will write a journal after viewing a video on the 
Engineering process.  

 Video and discussion: Building Sturdy Structures  
 Project: Working in pairs, students will use the NXT robotics kit to build a box 

with a hinged lid of their own design.  Students will write a journal entry on 
how the Engineering process applied to designing and building the box.  
  

Enrichment Activities: 
 

 Project: Students will add a locking mechanism to the hinged lid on the box 
designed as a class project.  

 Project: Students will research the origin of Robotic and prepare a short 

presentation using Google slides  
 

Methods of Assessments/Evaluation: 
 

 Building projects 

 Programming projects 
 Journal entries 

 Class discussions 
 Verbal assessment  

 Think/Pair/Share 
 Thumbs up/Thumbs down 
 Exit slips 

 Tests and quizzes 
 

Digital Resources:  
 
 Bratzel, Barbara, Physics by Design with NXT Mindstorm, 3rd edition, College 

House Enterprises LLC, Knoxville, Tennessee: 
http://collegehousebooks.com/CHE%20Physics%20by%20Design.html 

 Stem Robotics website: http://stemrobotics.cs.pdx.edu/   
 Building Sturdy Structures video (Tufts University Center for Engineering 

Outreach YouTube channel): https://www.youtube.com/watch?v=vo7_97qO6Xw 

 Teacher Webpage and YouTube channel 
 Google Classroom/Drive class notes and exercises 

  

http://collegehousebooks.com/CHE%20Physics%20by%20Design.html
http://stemrobotics.cs.pdx.edu/
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Unit 2: Building and programming a robot 
     

Approximate # Of Weeks:  1 week 
 

Essential Questions:   
 

 How are the components of a Lego® MindStorms® robotics kit used to build 

a robot? 
 What are the main hardware components of a Lego® MindStorms® NXT 

system? 
 What are the steps to construct a Lego® MindStorms® NXT robot? 
 What are the input and output ports of a robot? 

 What is firmware? 
 How is a robot able to perform tasks? 

 What is programming? 
 What are the main components of the RobotC programming environment?  

 

 
Upon completion of this unit students will be able to: 

 
 Identify the components of the Lego Mindstorms NXT system and explain 

their function. 
 Explain and follow the steps of a technical guide to build a robot.  
 Explain and use the output ports of the NXT Robot. 

 Explain what programming is and how it is used to control the NXT robot. 
 Explain and download the RobotC firmware. 

 Identify and use of a programming environment. 
 Use a programming environment to download and run a sample program on 

the NXT robot.  

 
Interdisciplinary Standards  

 
 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.3,  8.2.12.E.4,  9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 

9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1 and 3, 21st Century Career 
Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, RST.11-12.3,  

RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 
 
Activities:  

 
 Lecture and class discussion 

 Project: Working in pairs, students will follow a technical guide to build the 
DomaBot robot.  Students will write a journal entry describing the 
components of the NXT robotics kit used to build the robot and the 

challenges encountered in completing the assignment.  
 Activity: Students will download and install the RobotC firmware on the NXT. 

 Lab: Using the RobotC programming environment, students will compile, 
download and run a sample program on the NXT.  
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 Journal entry: Students will research a real-life robot and write a journal 
entry explaining the robot’s application and impact. 

 
  

 
Enrichment Activities: 
 

 Project: Students will research possible extensions which can be added to the 
DomaBot (for example, a pen attachment) to add capabilities to the robot.  

Students will write a journal entry describing the extension and its 
application.   
 

Methods of Assessments/Evaluation: 
 

 Building projects 
 Programming projects 
 Programming labs 

 Journal entries 
 Class discussions 

 Verbal assessment  
 Think/Pair/Share 

 Thumbs up/Thumbs down 
 Exit slips 
 Tests and quizzes 

 
Digital Resources:  

 
 Carnegie Mellon University Robotics Academy RobotC Video Trainer 
 Technology in Education DomaBot building guide: 

http://www.damienkee.com/home/2011/8/20/domabot-classroom-robot-
design.html 

 Teacher Webpage and YouTube channel 
 Google Classroom/Drive class notes and exercises 

http://www.damienkee.com/home/2011/8/20/domabot-classroom-robot-design.html
http://www.damienkee.com/home/2011/8/20/domabot-classroom-robot-design.html
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 Unit 3: Moving and Turning 
     

Approximate # Of Weeks:  1.5 weeks 
 

Essential Questions:   
 

 What is the structure of a program? 

 What is the format of a programming statement? 
 What are the basic syntax rules of a programming language? 

 How can a robot be programmed to move forward or in reverse?  
 How can a robot be instructed to move a specific distance using timing? 
 How can the speed of a robot be controlled? 

 How can a robot be instructed to turn left or right? 
 What programming statements are used to make the robot move 

forward/backward for a specified distance at a given speed? 
 What programming statements are used to make the robot turn left or right? 

 

Upon completion of this unit students will be able to: 
 

 Explain the basic structure of a program. 
 Explain and comply with the syntax rules of a programming language. 

 Explain and use programming statements to instruct a robot to move a 
specified distance using timing.  

 Explain and use programming statements to instruct a robot to move 

forward or in reverse. 
 Explain and use programming statements to control the speed of a robot.  

 Explain and use programming statements to instruct the robot to turn left or 
right. 

 Explain and use proportions to estimate the values used in programming 

statements to control the distance travelled by the robot.  
 Derive and program a solution to a robotics challenge which simulates a 

real-life application of Robotics. 
 

Interdisciplinary Standards  

 
 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.3,  8.2.12.E.4, 9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 
9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 
Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 

RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 
 

Activities:  
 

 Lecture and class discussion 

 NXT Trainer video lessons and discussion: Fundamentals =>Introduction to 
Programming. 
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 First programming Lab: Students will view the NXT trainer Move Steering 
lesson, program the robot to move forward for 3 rotations, download the 

program to the robot and run the program  
 Video and Class discussion: Students will view the NXT trainer video on 

RobotC programming syntax.  A class discussion will follow.  Students will 
write a journal entry that identifies 3 of the grammar rules of RobotC and 
explain their importance. 

 Video lesson and programming Lab: Students will view the NXT trainer Turn 
and Reverse lesson and program the robot to turn 90 degrees.   

 Lab: Working in pairs, students will complete the labs below.  
o Moving 10CM 
o Changing the speed and moving backwards 

o Practice with Direction and Distance  
o Controlling Distance with timing.  

 Project: Working in pairs, students will complete the Labyrinth challenge – 
level 1.  

 Project: Working in pairs, students will complete the Haunted House 

challenge (Physics by Design).  
 Journal entry: Students will research a real-life robot that performs 

forward/backward movement and turns and write a journal entry explaining 
the robot’s application and impact. 

 
 

STEAM Activities: 

  
 Project: Add a pen attachment mechanism to the DomaBot.  Program the 

robot to write your initials using straight lines and turns.  
 
 

Enrichment Activities: 
 

 Project: RoboSlalom 
 
 

Methods of Assessments/Evaluation: 
 

 Building projects 
 Programming projects 
 Programming labs 

 Journal entries 
 Class discussions 

 Verbal assessment  
 Think/Pair/Share 
 Thumbs up/Thumbs down 

 Exit slips 
 Tests and quizzes 

 Tests and quizzes 
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Digital Resources:  
 

 Carnegie Mellon University Robotics Academy RobotC Video Trainer 
 Bratzel, Barbara, Physics by Design with NXT Mindstorm, 3rd edition, College 

House Enterprises LLC, Knoxville, Tennessee: 

http://collegehousebooks.com/CHE%20Physics%20by%20Design.html 
 Teacher Webpage and YouTube channel 

 Google Classroom/Drive class notes and exercises 

http://collegehousebooks.com/CHE%20Physics%20by%20Design.html


 

 
Last Updated: August 10, 2016  13 

 

Unit 4 – Improved Movements 
     

Approximate # Of Weeks:  1 week 
 

Essential Questions:   
 

 What programming techniques are used to improve the accuracy of a robot’s 

movement? 
 How is the robot programmed to travel a specific distance with more 

accuracy? 
 How is the robot programmed to make more precise turns.  
 What is a motor encoder? 

 What is the difference between a point turn and a swing turn? 
 How is the diameter or Circumference of the robot’s wheel used to estimate 

the value used to program the robot to move a specified distance? 
 
 

Upon completion of this unit students will be able to: 
 

 Explain and use motor synchronization programming statements to improve 
the accuracy of the robot’s movement. 

 Explain and use target distance programming statements to instruct a robot 
to move a specified distance using the motor encoders. 

 Explain the function of the PID control algorithm. 

 Compare and contrast a point turn and a swing turn. 
 Derive and program a solution to a robotics challenge which simulates a 

real-life application of Robotics. 
 

Interdisciplinary Standards  

 
 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.3,  8.2.12.E.4,  9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 
9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 
Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 

RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 
 

Activities:  
 

 Lecture and class discussion 

 Video and Class discussion: Students will view the NXT trainer video on PID 
control.  A class discussion will follow.  Students will write a journal entry 

explaining the PID control algorithm and its importance. 
 Video lesson and programming Lab: Students will view the NXT trainer video 

lessons Synchronized Motors and program the robot to move straight and to 

turn a specified number of degrees using motor synchronization. 
 Video lesson and programming Lab: Students will view the NXT trainer video 

lessons Target Distance and program the robot to move for a specified 
distance using Target Distance commands.  
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 Diameter/Circumference-Distance travelled activity: Working in pairs, 
students will utilize the circumference of the robot’s wheel to calculate the 

value used on the target distance programming statements to make the 
robot move a specified distance. 

 Lab: Working in pairs, students will complete the following labs:  
o Point Turn 90, 180, 360 
o Swing turn 90, 180, 360 

o U-Turn 
 Project: Working in pairs, students will complete the Labyrinth challenge – 

Level 2.  
 Journal entry: Students will research a real-life robot that requires either 

very precise turns or very accurate distance and write a journal entry 

explaining the robot’s application and impact. 
 

Enrichment Activities: 
 

 Project: Robo500 Level 1 

 
Methods of Assessments/Evaluation: 

 
 Building projects 

 Programming projects 
 Programming labs 
 Journal entries 

 Class discussions 
 Verbal assessment  

 Think/Pair/Share 
 Thumbs up/Thumbs down 
 Exit slips 

 Tests and quizzes 
 

Digital Resources:  
 
 Carnegie Mellon University Robotics Academy RobotC Video Trainer 

 Teacher Webpage and YouTube channel 
 Google Classroom/Drive class notes and exercises 
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Unit 5: Gears 
     

Approximate # Of Weeks:  1 week 
 

Essential Questions:   
 

 What is a gear? 

 What is gearing down or gearing up? 
 What is the difference between the driving gear and the driven gear? 

 How can gears be used to increase the power or speed of a robot? 
 
Upon completion of this unit students will be able to: 

 
 Explain and use gears. 

 Explain and build a gear-train consisting of 2 gears  
 Explain how gearing can be used to increase the power or speed of a robot. 

 

Interdisciplinary Standards  
 

 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 
8.2.12.E.3,  8.2.12.E.4,  9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 

9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 
Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 
RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 

 
Activities:  

 
 Lecture and class discussion 
 Video and class discussion: A World in Motion.  Students will view the video, 

participate in a class discussion and write a journal entry on the impact of 
gears on the speed and power of a robot.  

 Video and class discussion: Intro to gears (Tufts Center for engineering 
outreach). Students will view the video as a resource to building a two gear 
gear-train using the NXT kit. The video will be used as a resource for labs.  

 Lab: Slow Bot 
 Last: Fast Bot 

 Project: Mountain Climber  
 Project: Snail’s Pace 

  

Enrichment Activities: 
 

 Project: Advanced Gear Challenge (Stem Robotics) 
 
Methods of Assessments/Evaluation: 

 
 Building projects 

 Programming projects 
 Programming labs 
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 Obstacle Challenges 
 Journal entries 

 Class discussions 
 Verbal assessment  

 Think/Pair/Share 
 Thumbs up/Thumbs down 
 Exit slips 

 Tests and quizzes 
 

Online/Digital Resources:  
 
 Intro to gears (Tufts Center for Engineering outreach) YouTube channel 

https://www.youtube.com/watch?v=G09_gHPATh8 
 A world in Motion Gears video: https://www.youtube.com/watch?v=D_i3PJIYtuY 

 STEM Robotics Get in Gears: http://stemrobotics.cs.pdx.edu/node/530 
 Dr. Graeme’s Mountain Climber (http://www.drgraeme.net/DrGraeme-free-NXT-

G-tutorials/Ch30/Ch30V1BCG/default.htm 

 Teacher Webpage and YouTube channel 
 Google Classroom/Drive class notes and exercises 

  

https://www.youtube.com/watch?v=G09_gHPATh8
https://www.youtube.com/watch?v=D_i3PJIYtuY
http://stemrobotics.cs.pdx.edu/node/530
http://stemrobotics.cs.pdx.edu/node/530
http://www.drgraeme.net/DrGraeme-free-NXT-G-tutorials/Ch30/Ch30V1BCG/default.htm
http://www.drgraeme.net/DrGraeme-free-NXT-G-tutorials/Ch30/Ch30V1BCG/default.htm
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Unit 6 – Sensors - Touch, Sonar and Motor Encoders 
     

Approximate # Of Weeks:  2 weeks 
 

Essential Questions:   
 

 How do robots make decisions? 

 How does a robot detect the distance that it has traveled? 
 How does a robot detect that it has touched an object? 

 How does a robot detect that it is a given distance away from another 
object? 

 What is a loop? 

 What are relational operators? 
 What are logical operators? 

 How are loops and sensor values combined to control robot behaviors? 
 What programming statements are used to instruct a robot to detect distance 

traveled, touch and an object in its path? 

 What is a threshold and how is it used to control robot behaviors? 
 

Upon completion of this unit students will be able to: 
 

 Describe how the motor encoders (smart motors) work and apply this 
knowledge to programming an NXT robot to move for a specified distance. 

 Describe how the Touch sensor works and apply this knowledge to 

programming an NXT robot to move until it touches another object. 
 Describe how the Ultrasonic sensor works and apply this knowledge to 

programming a robot to move until it is a given distance away or near an 
object. 

 Explain and use thresholds values to program robot behaviors. 

 Explain and program a while loop. 
 Explain and use the relational operators. 

 Explain and use the logical operators, && and ||.  
 Explain and use programming statements to instruct a robot to move a 

specified distance.  

 Explain and use programming statements to instruct a robot to move until it 
touches another object.  

 Explain and use programming statements to instruct a robot to move until it 
is a given distance (near or far) from another object. 

 Derive and program a solution to a robotics challenge using sensors which 

simulates a real-life application of Robotics. 
 

Interdisciplinary Standards  
 

 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.3,  8.2.12.E.4, 9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 
9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 

Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 
RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 
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Activities:  
 

 Building project: Students will build the touch sensor and ultrasonic sensor 
attachments and add them to the DomaBot. 

 Lecture and class discussion 
 Video and Class discussion: Students will view the NXT trainer video lectures, 

Wall Detection - Touch.  A class discussion will follow.  Students will write a 

journal entry explaining the steps in programming a robot to detect touch. 
 Lab: Working in pairs, students will complete the Move until touch and the 

Touch release labs 
 Project: Robo500 Level 2 (walled challenge - touch) 
 Video and Journal entry: Working in pairs, students will view and discuss the 

NXT trainer video lesson, a sonic sojourn.  Students will write a journal entry 
explaining how threshold values are used in programming with sensors.  

 Lab: Working in pairs, students will complete the Sonar2 (move until near) 
and Sonar3 (move until far) labs using a loop and the ultrasonic sensor. 

 Project: Robo500 Level 3 (walled - ultrasonic) 

 Video lesson and programming Lab: Students will view the NXT trainer video 
lesson Forward for Distance and program the robot to move for a specified 

distance using a loop and the nMotorEncoder command. Students will write a 
journal entry describing the steps in programming a robot to use the motor 

encoders.  
 Project: Robo500 Level 4 (Motor encoders) 
 Journal entry: Students will research a real-life robot that requires the use of 

a touch or ultrasonic sensor and write a journal entry explaining the robot’s 
application and impact. 

 
 
STEAM Activities: 

  
 Project: Using the pen attachment mechanism of the DomaBot.  Program the 

robot to draw a design using loops.  
 
Enrichment Activities: 

 
 Design, build and program project: Push-button Fan (Physics by Design) 

 Project: Maze challenge 
 Project: Table Bot – level 1 

 

Methods of Assessments/Evaluation: 
 

 Building projects 
 Programming projects 
 Programming labs 

 Journal entries 
 Class discussions 

 Verbal assessment  
 Think/Pair/Share 
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 Thumbs up/Thumbs down 
 Exit slips 

 Tests and quizzes 
 

Digital Resources:  
 
 Carnegie Mellon University Robotics Academy RobotC Video Trainer 

 Bratzel, Barbara, Physics by Design with NXT Mindstorm, 3rd edition, College 
House Enterprises LLC, Knoxville, Tennessee: 

http://collegehousebooks.com/CHE%20Physics%20by%20Design.html 
 Teacher Webpage and YouTube channel 
 Google Classroom/Drive class notes and exercises 

  

http://collegehousebooks.com/CHE%20Physics%20by%20Design.html
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Unit 7 – Sensors – Light and Sound 
     

Approximate # Of Weeks:  2 weeks 
 

Essential Questions:   
 

 How does a robot detect sound? 

 How does a robot detect light or dark? 
 What is a threshold and how is it used to control robot behaviors? 

 How is the threshold value of the light sensor calculated and used? 
 What is a timer? 
 How are timers used to repeat complex robot behaviors for a specified 

amount of time? 
 How are if-else conditional statements and loops combined to control more 

complex robot behaviors? 
 What programming statements are used to control the robot’s movement 

based on sound? 

 What programming statements are used to control the robot’s movement 
based on light sensor readings? 

 How can the light sensor be used to program the robot to follow a line? 
  

Upon completion of this unit students will be able to: 
 

 Explain and use a light sensor. 

 Explain and use a sound sensor 
 Explain and compute the threshold value for the light sensor. 

 Explain and use timers. 
 Explain and use thresholds values to program robot behaviors. 
 Explain how while loops and if-else statements can be combined to control 

more complex robot behaviors.  
 Explain and use the relational operators. 

 Explain and use the logical operators, && and ||.  
 Explain and use programming statements to instruct the robot to move or 

stop in response to light or dark.  

 Explain and use programming statements to instruct the robot to move or 
stop based on sound sensor readings. 

 Explain and use programming statements to instruct the robot to follow a line 
using the light sensor.  
 

Interdisciplinary Standards  
 

 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 
8.2.12.E.3,  8.2.12.E.4,  9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 
9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 

Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 
RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 
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Activities:  
 

 Building project: Students will build the light sensor and sound sensor 
attachments and add them to the DomaBot robot. 

 Lecture and class discussion 
 Video and Class discussion: Students will view the NXT trainer video lesson, 

Forward until Dark.  A class discussion will follow.  Students will write a 

journal entry explaining the steps to calculate the light sensor threshold. 
 Lab: Working in pairs, students will program the robot to move forward and 

stop at a black line.  
 Project: Robo500 Level 5 (light sensor) 
 Video lesson and programming Lab: Students will view the NXT trainer video 

lessons Line Tracking.  Students will complete the following labs:  
o Line Tracking 

o Line Tracking better 
o Line Tracking Timer (time permitting) 
o Line Tracking Rotation (time permitting) 

 Journal Entry: Describe the algorithm used to program a robot to follow a 
line.  

 Journal Entry: Using the Internet, students will research an example of a 
real-life robot that displays line following capabilities.  The journal entry will 

describe the robot and its application. 
 

Enrichment Activities: 

 
 Project: Program a robot to transport an object from a starting location to a 

target location by following a black line.  
 

Methods of Assessments/Evaluation: 

 
 Building projects 

 Programming projects 
 Programming labs 
 Journal entries 

 Class discussions 
 Verbal assessment  

 Think/Pair/Share 
 Thumbs up/Thumbs down 
 Exit slips 

 Tests and quizzes 
 

Digital Resources:  
 
 Carnegie Mellon University Robotics Academy RobotC Video Trainer 

 Teacher Webpage and YouTube channel 
 Google Classroom/Drive class notes and exercises 
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Unit 8: SumoBot Competition 
     

Approximate # Of Weeks:  2 weeks 
 

Essential Questions:   
  

 What physical design characteristics will make the robot stay in the ring the 

longest during the SumoBot challenge?   
 What factors must be considered when deriving an algorithm for the 

SumoBot competition? 
 What strategies can be used to meet SumoBot challenge? 

 

Upon completion of this unit students will be able to: 
 

 Using the design, building and programming techniques learned, design, 
build and program a robot to compete in the SumoBot competition.  

 Describe and document the physical design characteristics of the SumoBot 

robot and the programming strategy used to compete. 
 

Interdisciplinary Standards  
 

 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 
8.2.12.E.3,  8.2.12.E.4,  9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 
9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 

Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 
RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 

 
Activities:  
 

 Project: SumoBot Competition – As part of a team, students will design, build 
and program a SumoBot robot to compete against other robots in the 

SumoBot competition.  Students will write a document describing the 
physical design of their robot and the strategy used for the competition.  The 
competition program will be documented using a flowchart.  

 
 

Methods of Assessments/Evaluation: 
 

 Project will be graded according to rubric. 

 
Online/Digital Resources:  

 
 Dr. Graeme’s Building Sumo robots using Lego NXT 

http://drgraeme.net/drgraeme-free-nxt-g-tutorials/Ch46/SUMO-G/default.htm 

 Carnegie Mellon Robotics Academy NXT video trainer 
 Teacher Webpage and YouTube channel 

 Google Classroom/Drive class notes and exercises 
 

http://drgraeme.net/drgraeme-free-nxt-g-tutorials/Ch46/SUMO-G/default.htm
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Unit 9 – Building and Programming a Tetrix Robot  

 
Approximate # Of Weeks:  2 weeks 

 
Essential Questions:   
 

 What are the main hardware components of the Tetrix™ system? 
 What safety guidelines are followed when working with the Tetrix™ system? 

 How are the electronic components of a Tetrix™ robot wired together? 
 How do the physical parts of a Lego® MindStorms® NXT system and a 

Tetrix™ system fit together? How is a Tetrix™ test bed constructed? 

 What are the steps to build a robot using the Tetrix™ system? 
  

Upon completion of this unit students will be able to: 
 

 Explain and use the hardware components of the Tetrix system. 

 Explain and use the electronic components of the Tetrix system. 
 Explain and build a Tetrix™ test bed using a building guide. 

 Explain and use a building guide to build a robot using the Tetrix™ system. 
 Explain and use the DC motor controller and the DC motors.  

 Explain and use the Servo motor controller the Servo motor. 
 

Interdisciplinary Standards  

 
 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.4, Math Practices 1, 2, 3, 5, 6, 7 and 8,  21st Century Career 
Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, RST.11-12.3,  
RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 

 
Activities:  

 
 Lecture and class discussion: Tetrix™ components and safety guidelines 

when working with Tetrix 

 Journal entry: Students will write a journal entry describing the safety 
guidelines for working with Tetrix hardware and electronic components. 

 Video and building project: Students will follow the NXT video trainer Tetrix 
Setup lesson, Tetrix Testbed, to build a Tetrix testbed.    

 Lab: Students will download a training program to test the testbed.  

 Building project: Using a building guide, students will build the Ranger robot.  
 

Enrichment Activities: 
 

 Video and journal entry: Students will view the RoboBench Servos 101 and 

write a journal entry explaining the function of a servo and the different 
types of servos available for building a robot. 
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Methods of Assessments/Evaluation: 
 

 Building projects 
 Journal entries 

 Class discussions 
 Verbal assessment  
 Think/Pair/Share 

 Thumbs up/Thumbs down 
 Exit slips 

 Tests and quizzes 
 
Digital Resources:  

 
 Carnegie Mellon University Robotics Academy RobotC Video Trainer 

 Tetrix Getting Started Guide (also on CD): 
http://www.tetrixrobotics.com/GettingStartedGuide/index.htm 

 Pitsco Ranger robot building guide (also in PDF): 

https://www.tetrixrobotics.com/Builds/Easy/Pitsco_Ranger_Robot 
 RoboBench Servos 101 video: 

https://www.youtube.com/watch?v=FeCmUwTdfH8&list=PL83SXK5iD4oJQA52U
QpR2-numiotd5avx 

 Teacher Webpage and YouTube channel 
 Google Classroom/Drive class notes and exercises 
  

http://www.tetrixrobotics.com/GettingStartedGuide/index.htm
https://www.tetrixrobotics.com/Builds/Easy/Pitsco_Ranger_Robot
https://www.youtube.com/watch?v=FeCmUwTdfH8&list=PL83SXK5iD4oJQA52UQpR2-numiotd5avx
https://www.youtube.com/watch?v=FeCmUwTdfH8&list=PL83SXK5iD4oJQA52UQpR2-numiotd5avx
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Unit 10 – Programming a Tetrix robot 
  

Approximate # Of Weeks:  3 weeks 
 

Essential Questions:   
 

 How does programming a Lego® MindStorms® NXT +  Tetrix™ robot 

compare with programming a Lego® MindStorms® NXT only robot? 
 What are the differences between servo motors and DC motors? 

 How are the motors and sensors of a Tetrix robot configured? 
 What is a compiler directive statement? 

 

Upon completion of this unit students will be able to: 
 

 Compare and contrast the RobotC programming statements used to move 
and turn a Tetrix™ robot with the statements used to move and turn a 
Lego® MindStorms® NXT robot.  

 Explain and use Tetrix™ servo motors and DC motors.  
 Explain and use the motors and sensors configuration dialog. 

 Explain and generate compiler directive statements to identify the motors 
and sensors of a Tetrix™ robot.  

 Explain and program a Tetrix™ robot to move forward or backwards for a 
specified distance at a given speed using timing. 

 Explain and program a Tetrix™ robot to turn for a specified number of 

degrees in any direction. 
 Explain and program a Tetrix™ robot to use a servo motor for arm 

movement. 
 
Interdisciplinary Standards  

 
 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.3,  8.2.12.E.4,  9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 
9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 
Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 

RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 
 

Activities:  
 

 Lecture and class discussion 

 Video, Class discussion and lab: Students will view the Tetrix Getting Started 
video lessons, RangerBot Movement, to identify the similarities and 

differences between programming a Tetrix robot and programming a 
Mindstorms NXT robot.  A class discussion will follow to highlight the 
differences.  Students will download and run a sample program on the 

RangerBot.   
 Lab: Working in pairs, students will program the Ranger robot to move 

forward and backwards for 30 cm.   
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 Project: Working in pairs, students will program the Ranger to travel the 
perimeter of the classroom.  

 Building project: Students will build the Tetrix Ultrasonic sensor, touch 
sensor and light sensor attachments and add them to the Ranger robot.  

 Project: Line Follower (Tetrix Getting Started) 
 Building project: Students will build the Arm and Gripper attachment and add 

it to the Ranger robot.  

 Video trainer lesson: Students will view the Tetrix Movement, Intro to Servo 
Motors and Using Servo Motors lesson and write a program to lift up the Arm 

mechanism on the Ranger Robot.  
 Project: Students will program the Ranger Robot to follow a line, detect an 

object in its path using the ultrasonic sensor, pick up the object and 

transport it to a storage device.  The Ranger will drop the object in the 
storage device (Arm and Gripper Tetrix Getting Started) 

 Project: Students will build and program the Harvester and Transporter 
(Tetrix Getting Started).  

 

Enrichment Activities: 
 

 Project: Students will add joystick control capabilities to the RangerBot using 
the Tetrix Getting Started video lesson, Joystick Driving 

 
Methods of Assessments/Evaluation: 
 

 Building projects 
 Programming projects 

 Programming labs 
 Journal entries 
 Class discussions 

 Verbal assessment  
 Think/Pair/Share 

 Thumbs up/Thumbs down 
 Exit slips 
 Tests and quizzes 

 
Digital Resources:  

 
 Carnegie Mellon University Robotics Academy RobotC Video Trainer 
 Tetrix Getting Started Guide (also on CD): 

http://www.tetrixrobotics.com/GettingStartedGuide/index.htm 
 Teacher Webpage and YouTube channel 

 Google Classroom/Drive class notes and exercises 
 
 

 
 

  

http://www.tetrixrobotics.com/GettingStartedGuide/index.htm
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Unit 11 – Final Project 
 

Approximate # Of Weeks:  2 weeks 
 

Essential Questions:   
 

 What are some of the challenges of designing and building a robot? 

 How is the engineering process used in designing, building and programming 
a robot? 

 How are the components of the Tetrix robotics kit used to design and build a 
robot? 

 How is a programming language used to derive an algorithm and solve a 

problem requiring complex robot behaviors? 
 

 
Upon completion of this unit students will be able to: 
 

 Explain and use the engineering process.  
 Explain, design and build Tetrix robot or component. 

 Program the robot to perform complex behaviors.  
 Explain and derive a solution to a robotics challenge which simulates a real-

world problem. 
 
Interdisciplinary Standards  

 
 8.1.12.D.5,  8.1.12.DF.1, 8.2.12.D.1,  8.2.12.D.6, 8.2.12.E.1, 8.2.12.E.2, 

8.2.12.E.3,  8.2.12.E.4, 9.3.IT.PRG.4, 9.3.IT.PRG.5, 9.3.IT.PRG.6, 
9.3.IT.PRG.7, 9.3.IT.PRG.8, Math Practices 1, 2, 3, 5, 6, 7 and 8, 21st 
Century Career Practices 1, 2, 3, 4, 8 and 12, NJSLSA.W4, NJSLSA.W9, 

RST.11-12.3,  RST.11-12.4,  RST.11-12.10,  RI.11-12.4,  RI.11-12.7 
 

Activities:  
 

 Project: Working in pairs, students will design, build and program a solution 

to a robotics challenge which simulates a real-world problem using the Tetrix 
hardware and electronics.  Students will document their design and present 

their project to the class.  
 
 

Methods of Assessments/Evaluation: 
 

 Project will be graded as per teacher rubric. 
 
Digital Resources:  

 
 Carnegie Mellon University Robotics Academy RobotC Video Trainer 

 Tetrix Getting Started Guide (also on CD): 
http://www.tetrixrobotics.com/GettingStartedGuide/index.htm 

http://www.tetrixrobotics.com/GettingStartedGuide/index.htm
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 Pitsco Starter Bot building guide:  
https://www.tetrixrobotics.com/Builds/Easy/proj_13 

 Pitsco Cyclone robot building guide (also in PDF):  
https://www.tetrixrobotics.com/Builds/Easy/proj_14 

 Pitsco Ranger robot building guide (also in PDF):  
https://www.tetrixrobotics.com/Builds/Easy/Pitsco_Ranger_Robot 

 Pitsco Tetrix Max R/C Starter Set Builder’s Guide (also in PDF):  

https://c10645061.ssl.cf2.rackcdn.com/resources/42146_max_rcstarterset_guid
elowrez.pdf 

 Tetrix Builders Guide: 
http://www.tetrixrobotics.com/rcbuildersguide/resources.htm 

 RoboBench YouTube channel: 

https://www.youtube.com/results?search_query=robobench 
 Teacher Webpage and YouTube channel 

 Google Classroom/Drive class notes and exercises 
 

 

https://www.tetrixrobotics.com/Builds/Easy/proj_13
https://www.tetrixrobotics.com/Builds/Easy/proj_14
https://www.tetrixrobotics.com/Builds/Easy/Pitsco_Ranger_Robot
https://c10645061.ssl.cf2.rackcdn.com/resources/42146_max_rcstarterset_guidelowrez.pdf
https://c10645061.ssl.cf2.rackcdn.com/resources/42146_max_rcstarterset_guidelowrez.pdf
http://www.tetrixrobotics.com/rcbuildersguide/resources.htm
http://www.tetrixrobotics.com/rcbuildersguide/resources.htm
https://www.youtube.com/results?search_query=robobench

