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Course Overview 

Description 

This full-year course will teach students how to use computer science and digital electronics to solve 

more complex real-world problems. The first half of the course is structured around introducing 

students to different areas of electronics. At different points during the introduction to electronics 

students will demonstrate their skills by creating various projects that combine their manufacturing 

and electronics skills. The second half of the course is focused on introducing students to physical 

computing/coding through Arduino and Java-Based programming. Students will design, build, and 

program different projects to solve real-world problems through mechanical systems design. 

Because of this courses application of computer science we recommend this course to be a 

prerequisite for any future AP computer science courses offered by the district.  

Goals 

This course aims to: 

● Provide students with an opportunity to use the engineering design process in order to solve 

real-world problems. 

● Challenge students to utilize and build on their existing knowledge of prototyping and 

electronics to create solutions to complex real-world problems. 

● Challenge students to design and create both analog and digital circuits. 

● Students will become familiar with the methods used to create an integrated system through 

computer programming and prototyping. 

● Students will understand the fundamental syntax of the code and how we (humans) interact 

with computers. 

● Students will become familiar with different CNC machining processes and the computer 

languages that are used in this industry. 

● Students will acquire the necessary skills to design and create their own prototypes, then 

program and test them using a Java-based programming language and real-world 

simulations. 

Materials 

Core: Sparkfun Inventor's Guide 

Supplemental: The resources that will be utilized within this course are: 

● Official Arduino Education 

○ https://www.arduino.cc/en/Main/Education 

● The Arduino Classroom 

○ http://www.arduinoclassroom.com/index.php/arduino-101/chapter-1 

● Adafruit Learning 

○ https://learn.adafruit.com/ 

● CNC/G-Code 

○ https://www.autodesk.com/industry/manufacturing/resources/manufacturing-engineer/g-c

ode 

○ https://www.tormach.com/ 

○ https://www.bantamtools.com/ 

● Sparkfun Learning 

○ https://www.sparkfun.com/ 

● Autodesk Inventor/Fusion 

○ https://www.autodesk.com/ 

https://learn.sparkfun.com/tutorials/sparkfun-inventors-kit-experiment-guide---v40?_ga=2.107856641.202672182.1566233540-311162966.1566233540
https://www.arduino.cc/en/Main/Education
http://www.arduinoclassroom.com/index.php/arduino-101/chapter-1
https://learn.adafruit.com/
https://www.autodesk.com/industry/manufacturing/resources/manufacturing-engineer/g-code
https://www.autodesk.com/industry/manufacturing/resources/manufacturing-engineer/g-code
https://www.tormach.com/
https://www.bantamtools.com/
https://www.sparkfun.com/
https://www.autodesk.com/


 

● NOAA Marine Debris Resources 

○ https://marinedebris.noaa.gov/activities-and-curricula 

● Electronic Schematics 

○ http://fritzing.org/home/ 

● Prototyping Equipment 

○ https://www.lulzbot.com/ 

○ https://www.ulsinc.com/ 

Resources 

Suggested activities and resources page  

Benchmark Assessments 

This course will consist of four benchmark assessments that will be given at the end of each major unit, this 

includes, Systems Thinking and Materials Science, Digital Electronics, CNC Production, and Capstone 

Engineering Project.  

Modifications and Adaptations for Special Needs Learners 

(Gifted and Talented Students, English Language Learners, Students with  

Special Needs,  At-Risk Students, and Students with 504 Plans) 

 

 

  

https://marinedebris.noaa.gov/activities-and-curricula
http://fritzing.org/home/
https://www.lulzbot.com/
https://www.ulsinc.com/
https://docs.google.com/document/d/1ii14J0ynpZTlv5baETeaGnpRnZLmvQQZHUmMojKfCrY/edit?usp=sharing
https://docs.google.com/document/d/17jxXj8M6NY9FS5d7zD-8CizkgDHb253Q-pv3KmnC7Nc/edit?usp=sharing


Scope and Sequence 

(Pacing Guide) 

Unit 

Number 
Topic of Study 

Duration  

(Weeks Taught) 

1 Room Orientation/Safety Training 1 

2 Systems Thinking and Materials Science 8 

3 Digital Electronics/Arduino 1 

4 Collecting Data and Inputs 1 

5 Sensors 2 

6 Autonomous Systems Design 6 

7 CNC Introduction and Programming  2 

8 CNC Production 5 

9 Final Engineering Project Design 3 

10 Final Engineering Project Proposal 1 

11 Final Engineering Project Manufacturing 7 

12 Final Engineering Project Evaluation and Presentation 1 

  



 

Unit 1 Overview 

Unit Title: Room Orientation & Machine Safety 

Unit Summary: 

In this unit, students will be learning where supplies and tools are located in the engineering lab. Students 

will also be trained on the proper techniques and procedures for using the different production machinery. 

Students will then be certified for use of these machines after successful completion of ITEEA’s machine 

safety quizzes. 

Suggested Pacing: 3-4 Lessons 

Learning Targets 

Unit Essential Questions: 

● When is the proper time to wear eye safety? 

● Who should know the lab safety procedures? 

● How can I ensure my safety in the lab? 

● What are the ramifications for not following lab safety procedures? 

● How do I efficiently and safely operate the prototyping equipment? 

 

Unit Enduring Understandings: 

● Lab safety is important to everyone at all times. 

● Safety is the most critical component of an optimum work environment. 

● Understanding how to properly operate machines is a lifelong skill.  

 

Evidence of Learning 

Formative Assessments: Students will be assessed based on their cooperation and participation in class 

discussions and safety demonstrations. 

Summative Assessment: Students will be assessed based on the scores they receive after completing the 

ITEEA safety test for each machine. 

Alternative Assessments: Student will demonstrate their ability to properly follow safety procedures 

through a series of hand on test of their skills. 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Identify the proper times that 

they should be wearing eye 

protection. 

 

Identify situations where 

secondary eye protection may be 

required. 

 

General lab safety procedures. 

 

Eye safety procedures. 

 

How to identify potential 

hazards. 

 

Vocabulary: 

Machine Guards, Primary 

Protectors, Machine Shields, 

Adjustments, Spectacles, 

Goggles, Welding Helmet 

Students will be assessed based 

on their cooperation and 

participation in the class 

discussions,  safety 

demonstrations, and the ITEEA 

safety test for general lab safety. 

 

 

 

 

RST.9-10.3. Follow precisely a complex 

multistep procedure when carrying out 

experiments, taking measurements, or 

performing technical tasks, attending to 

special cases or exceptions defined in the 

text. 

 

RST.11-12.7. Integrate and evaluate 

multiple sources of information presented 

in diverse formats and media (e.g., 

quantitative data, video, multimedia) in 



 order to address a question or solve a 

problem. 

9.3.MN-HSE.1 Demonstrate the safe use 

of manufacturing equipment.  

Efficiently and safely use the 

portable, and stationary power 

and hand tools. 

 

Identify when a machine is 

operating properly and when it 

may need adjustment.  

How to identify a machine that 

is functioning properly and one 

that is not. 

 

How to follow a proper 

procedure in order to safely and 

effectively use hand and power 

tools. 

Students will be assessed based 

on their cooperation and 

participation in the class 

discussions,  safety 

demonstrations, and the ITEEA 

safety tests for each of the 

stationary and portable 

machines in the engineering lab. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit 2 Overview 

Unit Title: Systems Thinking and Material Science Introduction 

Unit Summary: 

In this unit, students will become familiar with the idea of systems thinking, this style of thinking 

involves the breaking down of a project into its individual functions to make it easier from a time 

and resource management perspective. Students will also learn how to select the best material for a 

given task by identifying the different materials science properties. Students will learn about 

systems thinking and materials science through their designing and prototyping of an individual 

project.  

Suggested Pacing: 26-32 Lessons 

Learning Targets 

Unit Essential Questions: 

● How can we use systems thinking to break my project down into manageable subsystems? 

● How do the materials I select when building my project impact the end result? 

● How can we ensure our projects are built in the most efficient way possible? 

● Explain how using systems thinking can improve your group's efficiency. 

 

Unit Enduring Understandings: 

● Systems thinking allows STEM professionals to break down complex systems into smaller 

more manageable subsystems. 

● Selecting the correct materials is both an engineering and design decision.  

● There are many properties to consider when selecting a material or materials for your 

system. 

● Using knowledge of material properties to select proper fasteners or adhesives helps to 

ensure an effective final product. 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessment: Students will be assessed based on their ability to design and create a project 

that demonstrates their strengths and builds towards their weaknesses as a designer and engineer. Scoring 

will be completed using the given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Use the design process to 

organize and plan out their 

project. 

Content: 

Documentation of the design 

process. 

  

Skills: 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric. 

 

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. 



Organization / Time 

Management. 

Effectively communicating with 

group members. 

 

 

Use systems thinking to make 

their complex systems into 

manageable subsystems.  

 

Identify the correct materials 

and fasteners or adhesives for 

their projects. 

Systems Thinking. 

Material Science. 

  

Skills: 

Research information on the 

internet to develop a solution. 

Use of software to design and 

develop an electrical 

schematic(s). 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric. 

 

 

8.2.12.E.4 Use appropriate terms in 

conversation (e.g., troubleshooting, 

peripherals, diagnostic software, GUI, 

abstraction, variables, data types, and 

conditional statements). 

 

8.2.12.C.4 Explain and identify 

interdependent systems and their 

functions. 

Use existing knowledge of 

prototyping machinery to create 

their prototype. 

 

Enhance their ability to create a 

meticulously crafted prototype.  

Use their individual knowledge 

of different areas of STEM to 

problem solve issues that may 

arise. 

 

Use and build upon existing 

knowledge of analog electronics. 

Content: 

Analog Electronics. 

Safety Procedures. 

Craftsmanship. 

Time Management. 

Material Science. 

 

Skills: 

Prototype the designed solution 

using a variety of prototyping 

technology. 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric. 

 

 

 

HS-PS3-3. Design, build, and refine a 

device that works within given constraints 

to convert one form of energy into another 

form of energy. 

 

8.2.12.D.3 Determine and use the 

appropriate resources (e.g., CNC 

(Computer Numerical Control) 

equipment, 3D printers, CAD software) in 

the design, development, and creation of a 

technological product or system. 

 

8.2.12.D.5 Explain how material 

processing impacts the quality of 

engineered and fabricated products. 

 

 

Test the created prototype and 

evaluate its effectiveness.  

 

Redesign/Modify the device if 

necessary. 

Content: 

Critical Thinking. 

Evaluation skills. 

Problem Solving. 

 

Skills: 

Use all acquired knowledge of 

the problem to evaluate or 

increase the viability of the 

prototype.  

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric. 

 

 

 

8.2.12.D.6 Synthesize data, analyze 

trends and draw conclusions regarding the 

effect of  technology on the individual, 

society, or the environment and publish 

conclusions 

 

 

Use the design process to 

organize and plan out their 

project. 

Content: 

Documentation of the design 

process. 

  

Skills: 

Organization / Time 

Management. 

Effectively communicating with 

group members. 

Students will be assessed based 

upon their participation and 

completion for a group project. 

Possible Assessments: 

Electronic Sign Project. 

 

 

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. 

 

 

  



 

Unit 3 Overview 

Unit Title: Digital Electronics/Arduino 

Unit Summary: 

In this unit, students will learn how computer programming languages can be used to control 

electrical systems through digital circuitry. Students will identify the similarities and differences 

between analog and digital circuits as they learn to write basic computer programs. Students will 

utilize Arduino, a Java-based programming language, to design and control their own computer 

systems.  

Suggested Pacing: 2-3 Lessons 

Learning Targets 

Unit Essential Questions: 

● What are digital components? 

● What is a microcontroller? 

● How do digital components work with analog components in a circuit? 

● What is the relationship between hardware and software in computer systems? 

 

Unit Enduring Understandings: 

● All forms of computer programming rely on an electrical circuit to function 

● Even in a digital circuit, analog components are still needed 

● Troubleshooting is a necessary step with the engineering design process 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed by their completion and ability to identify the 

different relationships between analog and digital electronics.  Scoring will be completed using the given 

rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Define microcontroller 

Write a simple program using a 

Java-based programming 

language. 

 

Content: 

Arduino 

 

Skills: 

Write a basic program using the 

Arduino programming 

language. 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric. 

 

 

8.2.12.E.2: Analyze the relationships 

between internal and external computer 

components.  

 

8.2.12.C.1 Explain how open source 

technologies follow the design process. 

 

8.2.12.C.2 Analyze a product and how it 

has changed or might change over time to 

meet human needs and wants. 

 



8.2.12.E.4 Use appropriate terms in 

conversation (e.g., troubleshooting, 

peripherals, diagnostic software, GUI, 

abstraction, variables, data types, and 

conditional statements). 

 

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). 

Utilize time within a program to 

add a higher level of autonomy 

Determine the pros and cons of 

using a time delay in a program 

Utilize analog and digital 

components when creating a 

circuit. 

Content: 

Time 

Delays 

 

Skills: 

Use a breadboard to wire a 

circuit that combines both 

analog and digital components. 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric. 

 

 

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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Unit 4 Overview 

Unit Title: Collecting Data and Inputs 

Unit Summary: 

 In this unit, students will learn to collect and create data through variables in their programs. 

Students will utilize digital and analog components as inputs on their circuits in order to control 

their systems. Students will be challenged to develop more complex circuits in order to incorporate 

physical inputs into their programs.  

Suggested Pacing: 3-4 Lessons 

Learning Targets 

Unit Essential Questions: 

● How do we interactive computers? 

● What is an input? 

● What data does a computer collect every time an input is pressed? 

 

Unit Enduring Understandings: 

● Hardware is often required to make the software function 

● Inputs vary from buttons, switches, joysticks, knobs, and more 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed by their completion and ability to identify the key 

terms and concepts in this unit.  Scoring will be completed using the given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Determine how to correctly 

connect a button to the Arduino 

as a one-zero generator. 

Create  a variable using a 

computer programming 

language. 

 

Control a program using a 

digital input component. 

Content: 

Digital Inputs 

One-Zero Generator 

Variables 

Serial-Monitor 

 

Skills: 

Create a program that responds 

to a signal from a digital input 

device 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric 

 

 

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). 

Create a program that utilizes an 

analog input device. 

 

Wire a potentiometer to a 

microcontroller. 

Content: 

Analog Inputs 

Mapping 

Variables 

Serial-Monitor 

 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric 

 

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). 

 

 



Skills: 

Create a program that responds 

to a signal from an analog input 

device 

 

Develop a circuit that combines 

both digital and analog inputs 

into a program written using a 

java-based programming 

language. 

Content: 

Digital Inputs 

Analog Inputs 

The Engineering Design Process 

 

Skills: 

 integrates multiple parts of 

subsystem in order to create a 

system 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric 

 

 

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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit 5 Overview 

Unit Title: Sensors 

Unit Summary: 

In this unit, students will identify the importance of sensors. Students will correlate sensor design to 

human anatomy as we investigate how sensors are based on humans in an effort to replicate our 

(human's) motions and abilities. Students will then be tasked with completing a series of challenges. 

They must choose the correct sensor, or collection of sensors to complete complex tasks. They must 

also create advanced programming functions in order for the sensors to function correctly. Lastly, 

students will also utilize the engineering design process to design and build their own sensors that 

are to be integrated into their solutions to real-world design challenges.  

 

Suggested Pacing: 3-6 Lessons 

Learning Targets 

Unit Essential Questions: 

● What are the primary senses of humans? 

● How do we connect and program each sensor? What are the similarities and differences in 

the syntax between analog and digital sensors? 

● What is a threshold? 

 

Unit Enduring Understandings: 

● Sensors are designed to simulate the human senses, allowing for robots to simulate human 

actions 

● Thresholds are powerful methods to calibrate a system, allowing for accurate performance 

based on a specific situation 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed by their ability to identify the importance of sensors 

and how they affect our ability to digitally replicate our senses.  Scoring will be completed using the given 

rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Define sensors and how they are 

used within a system 

 

Determine the appropriate 

sensor to use in order to solve a 

real-world challenge 

Content: 

Analog Sensors 

Threshold 

Serial-Monitor 

 

Skills: 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric 

 

 

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, 



Create a circuit that utilizes an 

analog sensor for an 

autonomous program 

peripherals, diagnostic software, GUI, 

abstraction, variables, data types and 

conditional statements). 

Define how analog sensors differ 

from digital sensors 

 

Develop a program that reads 

and interacts with data from a 

digital sensor 

Content: 

Digital Sensors 

Threshold 

Serial-Monitor 

 

Skills: 

Create a circuit that utilizes a 

digital sensor for an 

autonomous program 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric 

 

 

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.2 Analyze the relationships 

between internal and external computer 

components. 

Determine how sound is created 

with a speaker 

 

Develop a program that creates 

sound frequencies using an 

analog speaker 

Content: 

Sound 

Pitch 

Frequency 

 

Skills: 

Apply cross-discipline concepts 

in order to create a program that 

plays audio through a speaker 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric 

 

 

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.2 Analyze the relationships 

between internal and external computer 

components. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Unit 6 Overview 

Unit Title: Autonomous Systems Design 

Unit Summary: 

In this unit, students will have the opportunity to apply all previously learned content and skills in 

order to design their own product or system. Students will be challenged to use the engineering 

design process to design, develop, and create a prototype to solve a real-world problem. Students 

will have to write a complex program that incorporates a variety of functions, statements, and loops 

to control their autonomous integrated circuit. Upon completion of their systems, students will test 

and evaluate each other's prototypes as they complete the design process.  

Suggested Pacing: 20-24 Lessons 

Learning Targets 

Unit Essential Questions: 

● Rapid prototyping may allow for prototypes to be made quicker, easier, and cheaper than 

mass production, however, mass production techniques are far more cost-effective when 

creating a large quantity of product 

● How do designers and engineers create a new product? 

● How can hardware and software be integrated to create a product or system? 

 

Unit Enduring Understandings: 

● A product is often created using a variety of manufacturing techniques 

● In order for a product to function, the hardware and software must be integrated and 

designed simultaneously 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed by their completion of the automated systems robot, 

and their teams ability to meet all deadlines and performance criteria. Scoring will be completed using the 

given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Research existing solutions in 

order to identify a problem that 

can be solved through the 

development of a product or 

system 

Content: 

The Engineering Design Process 

 

Skills: 

Use research skills to find a 

problem that can be solved 

using the engineering design 

process 

Students will be assessed based 

upon their participation and 

completion for group lead 

discussion activities 

 

8.2.12.A.3 Research and present 

information on an existing technological 

product that has been repurposed for a 

different function. 

 



Propose a solution to a group of 

peers 

 

Provide feedback to a group of 

peers 

 

Brainstorm possible solutions to 

a real-world problem 

Content: 

The Engineering Design Process 

 

Skills: 

Work in groups to propose ideas 

and provide constructive 

feedback 

Brainstorm multiple solutions to 

a real-world problem 

Students will be assessed based 

upon their participation and 

completion for group lead 

discussion activities 

 

 

 

8.2.12.A.3 Research and present 

information on an existing technological 

product that has been repurposed for a 

different function. 

 

8.2.12.E.4 Use appropriate terms in 

conversation (e.g., troubleshooting, 

peripherals, diagnostic software, GUI, 

abstraction, variables, data types and 

conditional statements). 

 

 

Design a complex system that 

utilizes multiple components in 

order to solve a real-world 

problem that meets the 

specifications and constraints of 

a design challenge. 

 

Write a program using a 

java-based programming 

language. 

  

Develop a circuit using 

conductors, insulators, analog, 

and digital components 

Use the Engineering Design 

Process to solve a real-world 

problem. 

Content: 

The Engineering Design Process 

Arduino 

Circuits 

Analog Components 

Digital Components 

Sensors 

 

Skills: 

Write a program that uses an 

integrated circuit to 

autonomously complete a task 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric 

 

 

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. 

 

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.3 Determine and use the 

appropriate resources (e.g., CNC 

(Computer Numerical Control) 

equipment, 3D printers, CAD software) in 

the design, development and creation of a 

technological product or system. 

 

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). 

Present designed solutions to a 

group of peers. 

 

Complete the testing, 

evaluation, and redesign stages 

of the engineering design 

process 

Content: 

The Engineering Design Process 

 

Skills: 

Use the engineering design 

process to solve a real-world 

problem 

Students will be assessed based 

upon their participation and 

completion of projects through 

the use of a provided evaluation 

rubric. 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit 7 Overview 

Unit Title: CNC Introduction and Programming 

Unit Summary: 

In this unit, students will be introduced to the capabilities of our CNC Milling Machine, CNC Lathe, and CNC 

Laser Engraver. Students will be shown the different features and operations as well as receive safety training 

on each machine.  Students will create a sample G Code Program that will allow them to understand the basic 

functions of the machines as they move towards their first CNC project. 

Suggested Pacing: 6-8 Lessons 

Learning Targets 

Unit Essential Questions: 

● What does CNC stand for? 

● WHy are CNC machines important for a career in engineering? 

● What are the basic features of the different CNC machines? 

● What is a deductive process? 

● How can the use of CNC equipment improve the quality of my projects? 

 

Unit Enduring Understandings: 

● CNC equipment is used to create high tolerance products. 

● Types of CNC equipment include but are not limited to Printers, Mills, Routers, Lathes ,and Laser 

Engravers. 

● G Code is the default language for a CNC machine. 

● Proper use and programming of the machines is imperative to the safety of the lab. 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

tutorials. 

Summative Assessments: Students will be assessed based on their completion of their G-Code program 

and their understanding of key processes and terms. Scoring will be completed using the given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Understand the concept of CNC 

manufacturing. 

 

Understand the impact CNC 

machinery has had on the 

manufacturing industry. 

 

Understand different 

manufacturing terminology. 

 

The role that CNC equipment 

plays in manufacturing. 

 

How to identify when the use of 

a CNC machine could improve 

quality and productivity. 

 

How to properly tolerance parts 

for manufacturing. 

Students will be assessed based 

upon their participation and 

completion of the different 

tutorials.  

8.2.12.D.3 Determine and use the 

appropriate resources (e.g., CNC 

(Computer Numerical Control) 

equipment, 3D printers, CAD software) in 

the design, development and creation of a 

technological product or system. 

 

8.2.12.D.5 Explain how material 

processing impacts the quality of 

engineered and fabricated products. 

 

CRP11. Use technology to enhance 

productivity. 



Use various software programs a 

program for each piece of CNC 

machinery.  

 

Create a G-Code File. 

 

Execute a G code file on various 

machines. 

 

 

How to use a vector drawing 

program with the laser engraver. 

 

How to create and execute a 

G-Code file of the CNC Mill. 

 

How to create and execute a 

G-Code file of the CNC Lathe. 

 

How to create and execute a 

G-Code file of the CNC Router. 

Students will be assessed based 

upon their participation and 

completion of the different 

tutorials.  

 

 

 

 

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. 

 

9.3.MN-HSE.1 Demonstrate the safe use 

of manufacturing equipment.  

 

  



 

Unit 8 Overview 

Unit Title: CNC Production 

Unit Summary: 

In this unit, students will work in groups to design and create a product using only CNC equipment. Students 

will use the skills they learned in the previous unit to create a multipart product at a high tolerance. This unit 

will build on the previous unit by allowing students to explore new features of the CNC machines and their 

software. 

Suggested Pacing: 18-20 Lessons 

Learning Targets 

Unit Essential Questions: 

● What is important when designing a product for manufacturing? 

● How can we utilize the different machines to create an efficient manufacturing process? 

● How can we create a product that solves the given problem? 

● What resources can we use to help us? 

 

Unit Enduring Understandings: 

● CNC equipment makes replicating part effortless. 

● Each machine has its own set of setup procedures. 

● Engineers must understand manufacturing processes when designing to ensure their products are 

possible to produce. 

● Using online resources is a good way to understand the different processes to follow when creating a 

new product. 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed based on the completion of their CNC production 

project as well as their projects quality and the groups ability to design and construct the project under the 

provided criteria and constraints. Scoring will be completed using the given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Design their solution so that it is 

both effective as solving the 

given problem and efficient to 

manufacture. 

 

Create the needed codes or files 

to execute of the CNC 

equipment.  

 

The steps to follow in order to 

take a design from paper to 

product. 

 

How to design in the 

appropriate software for each 

machine. 

 

How to Effectively plan our their 

manufacturing processes. 

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

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. 

 

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). 



Use design software to model 

the solution prior to 

manufacturing it. 

 

9.3.MN-PPD.5 Develop procedures to 

create products that meet customer needs.  

 

CRP8. Utilize critical thinking to make 

sense of problems and persevere in solving 

them. . 

Use the appropriate CNC 

machine in order to create their 

solution.  

 

Identify the most efficient way 

to create the solution with the 

given machines and materials. 

 

Work as a team in order to 

document all aspects of the 

problem. 

How to identify the appropriate 

machines to use to create their 

solution. 

 

How to create an efficient 

workflow. 

 

How to utilize their groups 

individual  skills in order to 

work as efficiently as possible.  

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

8.2.12.D.3 Determine and use the 

appropriate resources (e.g., CNC 

(Computer Numerical Control) 

equipment, 3D printers, CAD software) in 

the design, development and creation of a 

technological product or system. 

 

CRP4. Communicate clearly and 

effectively and with reason. 

9.3.MN-PRO.1 Diagnose production 

process problems and take corrective 

action to meet production quality 

standards.  

Evaluate the success of their 

solution. 

 

Understand when it is 

appropriate to redesign a 

portion of or their entire 

solution.  

How to evaluate their design for 

success. 

 

How to find solutions to 

problems that arise during 

manufacturing and take 

appropriate action.  

 

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

 

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. 

 

8.2.12.A.2 Analyze a current technology 

and the resources used, to identify the 

trade-offs in terms of availability, cost, 

desirability and waste. 

 

CRP11. Use technology to enhance 

productivity 

 

  



 

Unit 9 Overview 

Unit Title: Final Engineering Project Design 

Unit Summary: 

In this unit, students will work in groups to design their final engineering projects. For this project students 

will be given a real world problem that they must use all of their resources and knowledge to solve. Students 

will begin this project by figuring out a solution that their group believes will be successful at solving the 

problem.  

Suggested Pacing: 8-12 Lessons 

Learning Targets 

Unit Essential Questions: 

● What factors must we consider when solving a real world problem? 

● What are my criteria and constraints? 

● Who is my audience? 

● What tools, skills, and knowledge do I have that can help me solve this problem? 

● Where do we start? 

 

Unit Enduring Understandings: 

● The factors that limit their solutions. 

● How solving a real world problem impacts society. 

● How to brainstorm. 

● How to utilize their existing knowledge to breakdown the problem into manageable tasks. 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed based on their designs viability and the design fitting 

meeting the provided criteria and constraints. Scoring will be completed using the given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Design and create a solution to 

the provided real world 

problem. 

 

Identify the criteria and 

constraints of the problem. 

 

Use design tools that they have 

previously learned in order to 

help design the solution..  

How to design based on original 

ideas. 

 

How to identify the criteria and 

constraints for a given problem.  

 

How to use their existing 

knowledge of design tools to aid 

in the design process.  

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

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. 

 

8.2.12.C.7 Use a design process to devise 

a technological product or system that 

addresses a global problem, provide 

research, identify trade-offs and 

constraints, and document the process 



through drawings that include data and 

materials 

 

8.2.12.C.5 Create scaled engineering 

drawings of products both manually and 

digitally with materials and measurements 

labeled. 

  



 

Unit 10 Overview 

Unit Title: Final Engineering Project Proposal 

Unit Summary: 

In this unit, students will work in groups to plan out their final project for this course. The capstone proposal 

will require students to set their own deadlines, assessments, and other factors of their final projects 

evaluation. This proposal ensures that students take time to plan out the different stages of their projects and 

allocate what they see as enough time for each part of the design and production process. 

Suggested Pacing: 4-5 Lessons 

Learning Targets 

Unit Essential Questions: 

● How can properly planning out a large scale project affect its overall efficiency? 

● How can setting our own evaluation deadlines impact our productivity? 

 

Unit Enduring Understandings: 

● Understanding the pace at which you work is a life skill. 

● Engineers plan out every project carefully before they begin working. 

● Using subsystems design to help break down projects is essential for time management. 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed based on their timelines feasibility and their timeline 

falling in the remaining class time. Scoring will be completed using the given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Use the provided template to 

plan out their final project.  

 

Understand the reasoning 

behind the emphasis on the 

planning phase of the design 

process. 

How to properly organize their 

time in order to have the 

greatest chance of success. 

 

How to break down a project 

into manageable tasks. 

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

8.2.12.A.1 Propose an innovation to meet 

future demands supported by an analysis 

of the potential full costs, benefits, 

trade-offs and risks, related to the use of 

the innovation. 

 

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. 

 

 



Unit 11 Overview 

Unit Title: Final Engineering Project Manufacturing 

Unit Summary: 

In this unit, students will work in groups to manufacture their final projects. Students will use all applicable 

prototyping machinery in order to create the different parts of their solution to the posed real world problem. 

This phase of the final project will test and reinforce the different manufacturing processes that they have 

learned to this point. 

Suggested Pacing: 24-28 Lessons 

Learning Targets 

Unit Essential Questions: 

● How can we use the processes that were learned throughout our engineering courses to create this 

prototype? 

● How can we use our design software to make the manufacturing process easier? 

● How can we best work as a group to manage the task we have been given? 

 

Unit Enduring Understandings: 

● Having accurately dimensioned CAD drawings makes manufacturing much easier. 

● Following the timeline your team created is crucial for the project to be successful. 

● Remembering the procedures and processes to use machines must not be rushed or forgotten for 

everyone's safety.  

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed based on their projects completeness and the groups 

set assessment timeline. Scoring will be completed using the given rubric. 

Alternative Assessments: N/A 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Use their design and planning 

documents to aid their groups in 

the manufacturing of their 

solution. 

 

Use the proper prototyping or 

CNC machinery to create their 

solution. 

How to utilize their planning 

and design documents in order 

to work as efficiently as possible. 

 

How to identify the safest and 

most efficient way to complete a 

task. 

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

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.5 Explain how material 

processing impacts the quality of 

engineered and fabricated products. 

 

CRP11. Use technology to enhance 

productivity 

 



 

Unit 12 Overview 

Unit Title: Final Engineering Project Evaluation and Presentation 

Unit Summary: 

In this unit, students will evaluate the effectiveness and viability of their solutions. Students will put their 

solutions through a series of simulated real world tests to see how well they work. Once students have 

determined the effectiveness and viability of their designs they will then prepare for a presentation of their 

solution where they demonstrate their project and describe its strengths and weaknesses to their peers.  

Suggested Pacing: 4-5 Lessons 

Learning Targets 

Unit Essential Questions: 

● What were your criteria and constraints? 

● Did your solution effectively solve the problem? 

● Would your solution work outside of the simulation? 

● What would you say is your solutions biggest strength? weakness? 

 

Unit Enduring Understandings: 

● Effective reflection is directly related to successful design. 

● Honest reflections of your solution will help you be a better engineer. 

 

Evidence of Learning 

Formative Assessments: Students will be assessed based upon their participation and completion of 

projects through the use of a provided class participation rubric. 

Summative Assessments: Students will be assessed based on the quality of their feedback as well as the 

quality of their presentation. Scoring will be completed using the given rubric. 

Alternative Assessments: Students could create a poster that shows how they used the design process 

effectively in the creation of their final project in place of the presentation. 

 

Objectives 
(Students will be able to…) 

Key Concepts  
(Students will know...) 

Suggested 

Assessments 

Standards 

(NJSLS) 

Assess the effectiveness and 

viability of their solutions both 

in and out of the simulated 

environment.  

 

Understand where their solution 

did very well, and what they 

could have changed to improve 

it.  

How to properly assess a 

solution to a real world problem. 

 

How to identify strengths and 

weaknesses of their solutions. 

 

How authentic assessment is 

important to the engineering 

design process.  

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

8.2.12.D.2 Write a feasibility study of a 

product to include: economic, market, 

technical, financial, and management 

factors, and provide recommendations for 

implementation. 

 

8.2.12.C.3 Analyze a product or system 

for factors such as safety, reliability, 

economic considerations, quality control, 

environmental concerns, 

manufacturability, maintenance and 

repair, and human factors engineering 

(ergonomics). 



Present their solutions to their 

peers. 

 

Clearly and concisely explain 

how they used the design 

process to aid in designing and 

manufacturing their solutions. 

 

How to create a presentation for 

the desired audience. 

 

How to present relevant 

information of their solutions 

without going into too much 

detail. 

Students will be assessed based 

upon their participation and 

completion for a group project 

using the provided rubric. 

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.  

 

CRP6. Demonstrate creativity and 

innovation. 

 

9.3.MK-MER.7 Communicate 

information about retail products, 

services, images and/or ideas. 

 


