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COURSE OVERVIEW                                                                      

 

Course Description 

This is an Introduction to Robotics curriculum that provides an opportunity for students to learn Science, 

Technology, Engineering, and Math (S.T.E.M.) in a fun and engaging manner.  This course, tailored for 

intermediate and high school students, will introduce learners to mechanical engineering, electrical 

engineering, and computer programming while designing and building a fully functioning robot from the 

ground up. Additionally, students will practice writing and communication skills through daily journaling 

and interactive group activities throughout the course.  

Prerequisites 

This curriculum is an entry level robotics program. Students may be tinkerers who have built mini 

projects in the past but that is not necessary. We do, however, hope you come with an open heart and 

an open mind to explore the many facets of engineering, robotics, and personal growth. A knowledge of 

basic circuits and computer/keyboarding skills help to alleviate barriers to success.  

 

A computer with Internet access and USB support is required. Also, online accounts with Tinkercad and 

Arduino Create are needed for some assignments. Assistance is available before classes begin by 

emailing theledlady@tuit.tech.  

Background 

This curriculum was designed with the nominal age of 14+ years old in mind and is intended to guide 

teachers in teaching coding through electronics. 

 

Overall and Specific Expectations 

Ontario GRADE 9 (MTH1W) 

C2. apply coding skills to represent mathematical concepts and relationships dynamically, and to solve 

problems, in algebra and across the other strands  

Coding  

C2.1 use coding to demonstrate an understanding of algebraic concepts including variables, 
parameters, equations, and inequalities  

C2.2 create code by decomposing situations into computational steps in order to represent 
mathematical concepts and relationships, and to solve problems  

 

C2.3 read code to predict its outcome, and alter code to adjust constraints, parameters, and outcomes 

to represent a similar or new mathematical situation 

mailto:theledlady@tuit.tech
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FULL COURSE MATERIALS LIST 
Below is a list of all materials required for this course along with sources to purchase and estimated 

costs per student:  

 

ITEM QTY COST PER UNIT HOW TO PURCHASE 

Penguin Bot 2 1 $50 https://tuittech-104001.square.site/product/penguinbot-2-
0/13?cp=true&sa=true&sbp=false&q=false 
 

Basic Arduino Kit 1 $40 https://tuittech-104001.square.site/product/arduino-starter-
pack/1?cp=true&sa=true&sbp=false&q=false 

 

Circuit Add-Ons 1 $15 -battery with connector, passive and active buzzer, mini breadboard,  

Journal 1 $15 -Engineering Journal for notetaking, diagrams, and solving coding challenges 

Workshop 5 (2-hour 
sessions) 

$100 -in person (Thunder Bay) with Covid Protocols in place  
-sessions are recorded and available for online viewing 

TOTAL PER 

Participant 

 $220  

 

https://tuittech-104001.square.site/product/penguinbot-2-0/13?cp=true&sa=true&sbp=false&q=false
https://tuittech-104001.square.site/product/penguinbot-2-0/13?cp=true&sa=true&sbp=false&q=false
https://tuittech-104001.square.site/product/arduino-starter-pack/1?cp=true&sa=true&sbp=false&q=false
https://tuittech-104001.square.site/product/arduino-starter-pack/1?cp=true&sa=true&sbp=false&q=false
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UNIT ONE: INTRODUCTION TO ROBOTICS 

 
 

Learning Target(s) 

 Technical Skills 

● We will identify the basic parts of a robot.  We will work together to build, learn, teach, and 

inspire. 

Life Skills 

● Teamwork 

● Inspiration 

● Communication 

 

Essential Questions 

1. What are the similarities and differences 

between robots and humans? 

Key Vocabulary 

1. Robotics 

2. Community 

3. Encouragement 

4. Inspire 

5. Goals 

 

Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 

Level 2:  Skills and Concepts 

Level 3:  Strategic Thinking and Reasoning 

Level 4:  Extended Thinking 

 

Barriers To Learning 

● Minimal understanding of metaphors (robot 

to human) 

● Lack of exposure to robots and their 

properties (e.g.  They are machines; they 

take commands in the form of code; they 

are not human; they can perform repetitive 

action) 

 

Anticipatory Set 

● Student definitions or examples of encouragement and community 

● Student understanding of functions of the human body parts:  body, brain, heart, and 

personality/character (soul) 

 

Independent Practice 

● Student drawing of robots and label the 4 parts 

 

Final Assessment, Project, or Product 

● The labeled final drawing of the student’s favorite robot. 
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Instructor Mindset 

A “community-building” environment is key to students feeling comfortable with asking questions, 

trying new things, and sharing ideas. The establishment of classroom agreements is critical. Mutual 

respect, attentive listening, and no put-downs (including self put-downs) are components of these 

foundational understandings. 

Step 1: Introducing Robotics 

Project Objective 

The overall goal of this project is to create a robot, while learning more about engineering - and about 

ourselves.  Throughout the robotics project, students will explore the various disciplines of engineering--

including mechanical, electrical, hardware, and software engineering--which each play a critical role in 

robotics.  Additionally, students will have the opportunity to learn more about themselves and their 

peers, as the project also promotes teamwork, communication, and self-reflection. 

Step 2: Connecting the Disciplines 

Background Knowledge 

Robotics is a cross-disciplinary field in which electrical engineering, mechanical engineering, and 

software programming concepts are applied to create a moving system (or a "robot").  Below is a brief 

explanation of how each of the three disciplines plays a part in robotics: 

 

1)  Mechanical Engineering is a branch of engineering that focuses on the design, construction, and use 

of machines and robots.  By definition, a robot must have a moving part -- like an arm, which has joints 

at the shoulder and the elbow so that the arm can move back and forth. The mechanical component of a 

robot may be a motor, lever, or gear that helps the robot move.  A mechanical engineer may also design 

the exterior of the robot, which helps to protect the internal parts of the robot. 

 

2)  Electrical Engineering is a branch of engineering that focuses on the design, use, and distribution of 

electricity.  A robot must have a power source from which to draw electricity.  A robot’s power source 

may be a battery or an electrical outlet.  Just as the human heart pumps blood to the rest of our organs 

for our body to function, a battery or power source for a robot “pumps” electricity to the rest of the 

robot’s body parts so that the robot can move and function.  For electricity to reach the rest of the 

robot’s body parts, a robot has a network of wires and circuits through which electricity can travel.  This 

is similar to how human bodies have veins and arteries for blood to travel through to reach other 

organs. 

Lesson Materials 

❏ Robot Model: Drawn or physical 
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To process information, the human body has a central nervous system consisting of a brain and a 

network of nerves and muscles.  Likewise, a robot needs a “brain” to tell its body parts to move and 

function. The “brain” of the robot is the computer chip or circuit board.  

 

3) Computer Science is the study of how computers function and process information. For humans to 

move their arms, the brain must send a message to the arm telling it to move. This message is like a 

computer program/code.  The program/code dictates the way a robot behaves and functions.  This is 

essentially the robot’s personality. 

 

Building a robot requires collaboration amongst a team of individuals with varying skills.  Students going 

through this curriculum will get a taste of each of the above engineering disciplines and work in 

collaboration with others (teacher, parent, mentor, classmate, etc.) as they build their robots from the 

ground up. 

Lesson  

Open a robotics discussion by asking what the similarities and differences are between a human and a 

robot.  Throughout this discussion, students may name certain parts of a robot, or of a human, to help 

them compare the two.  As the students give examples of either similarities or differences, write them 

down on a whiteboard, putting some emphasis on the parts of either humans or robots, as this will 

segway nicely into the next part of the discussion. 

 
 
Connect the Dots:  Draw a stick-figure body.  Add a heart, a brain, and soul 

(encircled gingerbread man or woman) to the body.  Next, write the engineering 

disciplines (Mechanical, Electrical, Computer (Hardware), and Software) next to 

the body.  Have the students draw a line connecting the engineering discipline, 

which corresponds most closely to the function of the listed body part. 

 

 
 

“Is this a robot?”   

 Ask the students if a commonly used appliance is a robot.  For example, “Is a 

washing machine a robot?”  Have the students plead their case one way or the 

other for why the object is or is not a robot.  The goal of this exercise is not to 

correctly identify whether the appliance is a robot or not.  Rather, the goal should be to guide the 

discussion toward using the four parts of a robot to assess whether the object is a robot or not.  Have 

the students attempt to match the appliance in question to the criteria of a robot (body, heart, brain, 

personality). 

 

 

SU

A
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Consider drawing a robot during the parts of a robot discussion. Add the 

individual parts to it as they come up, like in the examples below: 

 

  

 

BES
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REFLECTION 

 

 

Comprehension 

1. What are the 4 major parts of any robot? 

2. What type of engineering is related to each of those parts? 

3. What are we going to learn about and how are we going to learn? 

Challenges 

What was hard in today’s class? 

Enjoyment 

What was fun about today’s class? 

Mindset 

How can you help make the class a good learning community? 

Community 

How can what you learned impact those around you? 
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UNIT TWO: INTERMEDIATE CIRCUITS 

 

Learning Target(s) 

Technical Skills 

● Further comprehension of basic electronics concepts. 
● Ability to utilize breadboard when building circuits. 
● Understanding of the concept of resistance and the resistor. 
● Ability to identify specific pins on the Arduino used to power circuits and understanding the 

Arduino’s use as a power source. 

Life Skills 

● Teamwork 

Prerequisite 

● Introduction to Circuits 
 

Essential Questions 

1. How does the breadboard help us make 
circuits? 

2. How does one create a closed circuit on 
the breadboard? 

3. What is the purpose of the resistor in our 
circuit? 

4. Which of the two types of resistors is 
stronger? Is the LED dimmer or brighter 
with the stronger resistor? 

Key Vocabulary 

1. Breadboard 
2. Resistor/Resistance 
3. Arduino 
4. Component (L.E.D.) 
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Additional Resources 

Videos 

● Creating the first LED circuit: https://www.youtube.com/watch?v=5P-3rSK79Uo&t=15s 
(second half of video uses breadboard) 

● Creating the 5V LED circuit using the Arduino Uno: 
https://www.youtube.com/watch?v=iY3Ygg6Ucq0 

● Explaining how a breadboard works: https://www.youtube.com/watch?v=QFm8Gkofgs8 

Other 

● Sparkfun breadboarding tutorial: https://learn.sparkfun.com/tutorials/how-to-use-a-
breadboard 

● Resistor color code calculator: https://www.digikey.com/en/resources/conversion-
calculators/conversion-calculator-resistor-color-code-4-band 

 

Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Minimal experience with household 
electronics. 

● No working knowledge of electricity. 
● Poor understanding of “Introduction to 

Circuits”. 

Anticipatory Set 

● Learn intermediate electrical engineering concepts. 
● Introduce new components and use them to create circuits. 

 

Independent Practice 

● Assembly of LED circuit using a breadboard with a partner. Time permitting, the assembly of a 
two LED circuit using a breadboard with three partners. 

● Assembly of 5V LED circuit using breadboard, resistor, and Arduino. 

 

Final Assessment, Project, or Product  

● Comparison of 5V circuit with each type of resistor. Based on the behavior of the circuit which 
resistor is stronger? Defend your answer. 

● Using Ohm’s Law, have each student calculate the current in their circuit with the resistor of their 
choice. 

 

https://www.youtube.com/watch?v=5P-3rSK79Uo&t=15s
https://www.youtube.com/watch?v=iY3Ygg6Ucq0
https://www.youtube.com/watch?v=QFm8Gkofgs8
https://learn.sparkfun.com/tutorials/how-to-use-a-breadboard
https://learn.sparkfun.com/tutorials/how-to-use-a-breadboard
https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-resistor-color-code-4-band
https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-resistor-color-code-4-band
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Lesson Materials (per student) 

❏ AA Battery (x2) 

❏ AA Battery connector (x2) 

❏ 3V LED (x1) 

❏ Jumper wires 

❏ Resistors (470 Ohm - yellow violet brown gold and 4.7K Ohm - yellow violet red gold) 

❏ Mini breadboard (x1) 

❏ Arduino UNO (x1) 

❏ Engineering Journal (Innovator’s Notebook) (x1) 

❏ Pencil (x1) 
 

Lesson 

Review 

1. How do open and closed circuits differ? 

2. How does increasing voltage affect a circuit? 

Step 1: Introducing the Breadboard 

In this lesson we are introduced to a valuable tool for prototyping with electronics… the breadboard. 

What is a breadboard? 

 

A breadboard helps us connect our wires (analogous to blood vessels) together.  We can connect our 

wires to the holes in the breadboard to make secure connections without needing to tie the wires 

together.  This is useful, especially when we need to change the connections often.  This is common 

while engineers figure out how to best make their ideas happen. Draw a picture of the miniature 

breadboard on the whiteboard.  NOTE: You can use the 1-17 (rows) and A-J (columns) references to tell 

kids where to place wires as the lesson progresses. 

 
● How many rows are there? (17) 

● How many columns are there? (2 sets of 5) 
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In a breadboard all the holes on each row of 5 are connected to each other. Any two things placed into 

the same row will be connected to each other. The breadboard helps us make closed circuits. Test the 

students to see if they understand which holes connect to one another. 

Vocabulary 

- Breadboard: A tool used to create circuits. The breadboard connects two or more components 

together as if they are touching so long as they are on the same row. 

- Component: A single element of a circuit. Ex: battery, LED. 

 

 
 

It is important that the students have a good grasp of how the breadboard 

works. To ensure comprehension you can draw boxes around each set of holes 

that are connected on your whiteboard drawing. Another method would be to 

remove the adhesive from the back of a breadboard (I would suggest you use a spare for this rather than 

using a student’s) exposing the strips of metal underneath. This may help them understand why the 

breadboard works as it does. 

 

Step 2: Creating Our First Breadboard Circuit 

Now that we understand how to use the bread board, we can recreate the 3V LED circuit from the last 

lesson. This time as a completely hands-free circuit. Let’s start by recalling the schematic for that circuit. 

 
To create the circuit using the breadboard you need to make the same exact connections as before. A 

helpful tip is that any two wires/legs that were held together in the previous circuit must now be in a 

row together. Not necessarily in the same hole though. Also, both ends of a component should never be 

in the same row together. That is the same as touching the two sides together which, in the case of the 

battery, creates a short circuit. They should end up with a circuit that looks similar to the one below. 

 

BE
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Before asking the students to create the circuit, draw the schematic on the 

board. Then draw a breadboard. Enlist the aid of the students in drawing 

batteries and the LEDs, as well as placing them in the correct spots to create a 

complete circuit. Once finished, follow the path of the circuit with the class and ensure that the circuit is 

closed. 

 
 

A common mistake is to put far too many connections on the same 

row of the breadboard. This is generally the most common reason a 

group’s circuit will not work. This is something you should keep an 

eye out for and simply remind students that only things should be in 

any row of the breadboard at once. Reminding them of their method of creating the circuit from last 

week’s lesson may also help, as this is essentially the same circuit. 

 

 

BE

 

TROU
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Step 3: Introducing Arduino Uno and Resistance 

For the first time we are now going to use the Arduino Uno to create a circuit. We will be powering the 

circuit with 5V instead of 3V. What do you think will happen when we increase the voltage? (The LED 

will be brighter, and we no longer need the AA batteries) In fact, the 5V is too much.  Ask what will 

happen if you push 5V through a 3V LED (it will burn out). Talk about what happens in our body if our 

heart (battery) pumps blood too fast through our veins (it may burst!).  Explain that the same thing 

happens in electronics, so to combat that, we need to slow the blood (current) down using a resistor.  

Have the kids take out the 4.7K resistor (red band).  Explain that a resistor is the component, and that 

resistance is the value (4.7K or 4,700 in this case). Draw the following schematic. 

 
Before asking the students to attempt building this circuit on their own guide them through placing 

wires in the Arduino Uno. Have them place one end of a wire (preferably red) into the 5V pin located on 

the Arduino. Have them place one end of another wire (preferably black) into one of the GND pins 

located on the Arduino (there is more than one). The other ends of both wires are currently dangling 

free. These ends should be treated the same as the + and - ends of a battery. Now they should be ready 

to create the circuit below. 
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Plug the battery into the jack on the Arduino UNO and your LED should light up! 

Vocabulary 

- Arduino: The brain of our soon to be robot! The Arduino Nano houses the brain of the Penguin 

Bot 2. It also contains a large amount of internal circuitry, making it somewhat related to the 

robot’s heart as well. We will often treat the Nano as a power source, as it can give us 5V, a 

voltage we are comfortable with. 

- Resistance: The difficulty of passing an electric current through an object. If an object is difficult 

to pass current through, it has a high resistance. 

 
 

Sometimes your students' LEDs may burn out because of incorrect 

connections.  This is all part of the learning process.  We 

recommend having a working Arduino + breadboard setup that 

you can use to test to see if students' LEDs are in fact burned out 

or if there is perhaps another wiring issue. 

 
Resistance, along with voltage and current are the three 

fundamental quantities in a circuit. In fact, there is an equation 

that relates all three of these inside of a circuit. The equation is 

known as Ohm’s Law V=IxR, where V is the voltage, R is the 

resistance, and I is the current. This simple equation gives us a 

good understanding of the behavior of any circuit. 

 

 

TROU

 

TIDBIT
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Have the students switch between the two different kind of resistors and 

observe the behavior of the LED as the resistor is changed. They should 

see the LED dim when the red banded resistor is in the circuit. This is the 

larger resistor. Because it is larger, it slows down current more, leading to 

the dimmer light. 

 
 

It is always a good idea to have power disconnected from our circuit as we 

are constructing it or making changes to it. In this case, even in the event of 

a short circuit, we will not damage any of our parts. It is best to build the 

circuit, check it for errors, then apply power. 

 
 

Why is it important to color code wires? Color coding wires helps us both 

construct and troubleshoot our circuits. If I know that a certain color of wire 

always means a certain thing, it will be obvious when that wire is out of 

place 

 

Step 4: Going Further with Resistance 

You may have noticed the two different types of resistors that we have are differentiated based on the 

colors of their bands. As it turns out we can tell the exact strength of a resistor based on the color of 

those bands. 

 

 
 

A
 

 

BES

 

BES
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Let’s walk through this chart together. In the Numeric Value column, we see that each color is given a 

number value associated with it. These numbers are only applied to the first two colored bands on a 

resistor. Those two numbers are combined into one 2-digit number. For example, our 4,700 Ohm 

resistor has the colors yellow and violet as its first two color bands, in that order. From this we know 

that resistor’s value must start with the number 47, which we know it does. The third band on the 

resistor is the multiplier. We take the number denoted by the color of that band (in this case 100-red) 

and multiply that number and the 2-digit number from earlier together (47x100), giving us 4,700 Ohms.  

 

The fourth band on a resistor is what’s called its tolerance. Tolerance is the error that one can expect in 

the resistor. For example, a gold tolerance band on our 4,700 Ohm resistor tells us that it may not be 

exactly 4,700 Ohms, but we can expect it to be within 5% of that. So the resistor could be as small as 

4,465 Ohms or as big as 4,935 Ohms. The last column in the table above is labelled Temperature 

Coefficient. We don’t need to worry about what that means, as it is only used in resistors with five 

bands or more. 

 
 

Have the students come up with the color code for a resistor that has a strength 

of your choosing. If you would like, you can put the students in groups and give 

each group a different resistor value to work on. 

 

Step 5: Going Even Further with Resistance 

With knowledge of Ohm’s law, we can calculate the current going through the circuit when either 

resistor is used. Ohm’s law (V=IR) can be rewritten as I=V/R. Both the voltage and the resistance are 

known to us so we can calculate current in both cases. 

● I=5/470 -> I=0.01 Amps (Amperes are the unit used to measure current) 

● I=5/4700 -> I=0.001 Amps 

 
Not all resistors are 'Ohmic' resistors, as in ones that follow Ohm's laws. An 

Ohmic resistor always has the same resistance, where as a non Ohmic 

resistor has a fluctuating resistance based on some parameter. For example, 

if you were to measure the resistance of a light bulb while it is off, you would 

measure a fairly low resistance. But if you turned the lightbulb on, the 

resistance would skyrocket due to how much hotter the lightbulb became. If non Ohmic resistors are 

used in simple circuits such as this one, some interesting effects can be created. 

 
Do not dismantle the circuits at the end of this lesson. We will be building on 

these circuits for the rest of class and it would be convenient if we did not have 

to start from scratch each week. Just make sure that the students unplug their 

batteries before putting the circuits away. 

 

 

 

TIDBI

 

BE
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REFLECTION 

 

 

Comprehension 

1. What is the breadboard used for? How does the breadboard work? 

2. What is resistance? How does resistance affect our circuit? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 
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UNIT THREE: INTRODUCTION TO CODING: THE 
BLINKING LIGHT CHALLENGE! 

 

Cross-curricular Connections 

Standards (Need to be corelated to Ontario’s Curriculum Expectations) 

● Developing Possible Solutions: Tests are often designed to identify failure points or difficulties, 
which suggest the elements of the design that need to be improved. 

● Optimizing the Design Solution: Different solutions need to be tested to determine which of them 
best solves the problem, given the criteria and the constraints. 

● Energy and Matter: Energy can be transferred in various ways and between objects. 
 

Learning Target(s) 

Technical Skills 

● Ability to operate a computer. 
● Understanding of physical computing fundamentals. 
● Understanding of cooperation between hardware and software in physical computing.  
● Working knowledge of Arduino IDE and how the Penguin Bot 2.0 interfaces with the computer. 

Life Skills 

● Procedure 
● Freedom to fail/take risks 

 

Essential Questions 

1. What are the main drawbacks of Arduino? 
2. Can we upload code to our devices 

immediately after connecting them to the 
computer? Why or why not? 

3. Why do we have to change the pin # from 
13 to 12 on the set up. How could we 
blink an LED on a different pin? 

4. Why can’t we see the LED blink without a 
delay? 

5. How could using a variable to represent a 
delay value improve your code? 
 

Key Vocabulary 

1. Arduino IDE 
2. Variables 
3. Loop 
4. Programmable Pin 
5. Set Digital Pin 
6. Delay 
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Additional Resources 

Videos 

● Arduino IDE + driver install tutorial: https://www.youtube.com/watch?v=bBSZ8REdUYA&t=1s 
● Using an online simulator (Tinkercad Circuits): https://www.youtube.com/watch?v=i2l7I9PdE2o 
● Blinking Light Coding Challenge: https://www.youtube.com/watch?v=UfxJx9LQ9u0 

Documents 

● None 

Other 

● Software setup on Windows 
● Software setup on Mac 

Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Minimal experience with computers. 

Anticipatory Set 

● Learn how to connect the Arduino to a computer. 
● Learn procedure that allows code to be uploaded to the Arduino. 
● Learn three functions: Loop do, Set digital pin, and delay. 
● Understand that the LED can be physically manipulated through code 
● Creating an int variable 

 

Independent Practice 

● Use Arduino code to turn the LED on, then to turn the LED off. 
● Create a program that continuously blinks the light on and off at different rates 

 

Final Assessment, Project, or Product 

● Determine the smallest millisecond delay that still appears to blink. 
● Experiment with different algorithms attached to the variable. Predict what will happen before 

uploading your code. 

 

https://www.youtube.com/watch?v=bBSZ8REdUYA&t=1s
https://www.youtube.com/watch?v=i2l7I9PdE2o
https://www.youtube.com/watch?v=UfxJx9LQ9u0
https://docs.google.com/document/d/1sDz2-crxL3YPCPiS6wtUBbhqJtMYeFzgs56nUAafHik/edit?usp=sharing
https://docs.google.com/document/d/1BVIaZwNlZEG0om7E13G6qr_O3muZJSE-u3bn53Z1BXg/edit?usp=sharing
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Lesson Materials (per student) 

❏ 3V LED (x1) 

❏ Jumper wires 

❏ Resistors (470 Ohm - yellow violet brown gold and 4.7K Ohm - yellow violet red gold) 

❏ Mini breadboard (x1) 

❏ Arduino Uno (x1) 

❏ Computer/laptop (x1) 

❏ USB to micro USB cord (x1) 

❏ Engineering Journal (x1) 

❏ Pencil (x1) 
 

 

Lesson 

Review 

1. What is resistance? What is the job of a resistor in a circuit? 

Step 1:  Connecting the Arduino Uno 

Rather than go through the process here, please look at the Additional Resources provided in the Lesson 

overview. There are two separate documents. One for Mac users and one for PC users. There you will 

find instructions to connect the Arduino UNO to the computer. Students may require individual 

assistance getting the Arduino IDE working (especially if they are working remotely). Plan on giving 

students with difficulties (getting their Arduinos connected) assistance before or after class. 

Vocabulary 

- Arduino: Both hardware and software. The hardware is a line of microcontrollers that is 

programmable. The Penguin Bot 2.0 (a robot that is part of this class) also utilizes an Arduino 

microcontroller. The software is a C-based IDE (Integrated Development Environment… a place 

where you code). The Arduino IDE can be out of scope for younger classes as the ability to type 

acts as a barrier to entry. Consider starting with a block-based coding environment for students 

who are struggling with a text-based interface. See https://learn.sparkfun.com/ArduBlock 
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Have the students make a step-by-step checklist on how to connect the 

Arduino UNO to the computer in explicit detail. The checklist should look 

something like the following: 

 

1. Turn on the computer. 

2. Input password. 

3. Open Arduino. 

4. Plug the Arduino into the computer via the USB cable. 

5. Go to tools -> port -> select port. 

6. Go to tools -> board -> select Arduino UNO (or Nano for Penguin Bot 2.0) 

This process must be done each lesson that you intend to program. 

 

Step 2: Getting Started with Arduino IDE 

Now that our computer is talking to our Arduino UNO, let's get started with coding! The Arduino IDE is a 

C programming language.   

 

Step 3: Arduino Basics 

Before we can begin coding, we should familiarize ourselves with the basics of Arduino IDE (how to 

move around, create and delete code). 

 

The first thing to mention is the loop. The loop will run whatever code is placed inside it repeatedly, 

starting again at the beginning whenever the end is reached. Another important section of code is the 

setup. This is where we tell the Arduino how to use individual components and where to find them. 

Step 4: Our First Program, Programming the LED 

In this section we are finally going to code our LED. However, we must make a small change to the 

current circuit first. The wire that is currently in the 5V pin must be placed in the pin labelled 12. 
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You may notice that the LED no longer turns on. This is because while the 5V pin is always on, pin 12 is 

what is called a programmable pin, meaning we decide (through code) whether it is on or off with code.  

 

Let’s begin coding by loading some example code that comes with the Arduino IDE. Go to  

Vocabulary 

- Programmable pin: The pins labelled 0-13 (it has more labelled A0-A5, but we are not using 

those in this class) can be controlled by the code we create in the Arduino IDE. 

- Set Digital Pin: To properly use this block we need to pick a pin number (for us 7) and choose 

between HIGH or LOW (on or off). This block must be placed inside the loop do. 

Step 5: Blinking the LED 

Now it is time for the big challenge, blinking the LED. I generally start by asking the class for suggestions 

on how to make the LED blink twice as fast after talking through the code together. 

Simulation: https://www.tuit.tech/codingchallenges/blink/ 

Vocabulary 

- Delay: The delay is measured in milliseconds (1000 milliseconds = 1 second). The delay 

command will stop code from progressing forward until a certain amount of time has elapsed. 

(Delay is not the preferred method of coding more complicated transitions, but for our purposes 

it does the trick.) 

 
 

Once your students have the LED blinking challenge them to change the 

numbers inside the delay block and identify how that changes the 

behavior of the LED. Challenge the students to find the smallest delay 

where they can still see the LED blink. For students looking for an extra 

challenge, create variables to hold the delay values and create algorithms 

using mathematical functions. 

Examples: 

int delay_on = 3000; 

int delay_off = delay_on/2; 

 

 
 

 

 

 

A
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REFLECTION 

 

 

Comprehension 

1. What effect does changing the number attached to Digital Pin 12 have? 

2. What effect does the delay block have? Why do we only use the delay milliseconds block? 

3. Why do we need two delay commands to make the LED blink? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 
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UNIT FOUR: RGB LED 

 

Curriculum Connections 

Standards 

● Developing Possible Solutions: Tests are often designed to identify failure points or difficulties, 
which suggest the elements of the design that need to be improved. 

● At whatever stage, communicating with peers about proposed solutions is an important part of 
the design process, and shared ideas can lead to improved designs. 

● Science is a Human Endeavor: Most scientists and engineers work in teams. 
 

Learning Target(s) 

Technical Skills 

● Knowledge of the primary colours of light. 
● Understanding of how to condense code. 
● Improved understanding of how code is executed block by block. 

Life Skills 

● Planning 
● Testing 
● Altering a hypothesis 

 

Essential Questions 

1. What are the primary colours of light? 
How does one mix colours? 

2. How can we condense our code to make 
blinking in morse code easier to achieve. 

3. Does your code vary the time the LED 
spends off? Why or why not? 

Key Vocabulary 

1. RGB 
2. Mixing Primary Colours of Light 
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Additional Resources 

Videos 

●  

Documents 

●  

Other 

●  
 

Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Poor understanding of the previous lesson. 

Anticipatory Set 

● Learn how an RGB LED works and apply that knowledge to mix the primary colours of light to 
create new colours. 

 

Independent Practice 

● Programming the RGB LED to display. 
 

Final Assessment, Project, or Product  

● Create the secondary colours of light. 
● Create customized colours by mixing various intensities of red, green, and blue. 

 

Lesson Materials (per student) 

❏ Arduino UNO (x1) 

❏ USB to USB cord (x1) 

❏ RGB LED (x1) 

❏ Jumper wires 

❏ 3 Resistors (220 Ohm) 

❏ Breadboard (x1) 

❏ Computer (x1) 

❏ Journal (x1) 

❏ Pencil (x1) 
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Lesson Plan 

Review 

1. What section of code is used to mix the colours of red, green, and blue. 

2. How is delay important in getting the LED to transition between colours? 

Step 1: Blinking Different Colours (25 minutes)  

We spent last week learning to blink our LEDs and playing with the speed at which it blinks. We are 

going to pick up where we left off by using the skills learned last week. The first challenge of this lesson 

is to create a program that causes the LED to blink red and then apply that knowledge to blinking the 

LED blue and green. 
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REFLECTION 

 

Comprehension 

1. What does RGB stand for? How are these colours significant? 

2. When mixing the primary colours of light, how does the intensity of each light level effect the 

outcome? 

3. Describe how the RGB_color function helps us create code? 

4. What happens when we mix equal amounts of red, green and blue? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 
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UNIT FIVE: THE BUZZER AND THE BUTTON 

 
 

Cross-curricular Connections 

Standards 

● Planning and Carrying Out Investigations:  Plan and investigate collaboratively to produce data to 
serve as the basis for evidence, using fair tests in which variables are controlled and the number 
of trials considered. 

● Optimizing the Design Solution:  Different solutions need to be tested to determine which of 
them best solves the problem, given the criteria and the constraints. 

Learning Target(s) 

Technical Skills 

● Deeper understanding of Arduino hardware, I/O pins. 
● Use previous coding knowledge to sound buzzer at different frequencies and make music. 

Life Skills 

● Communal responsibility 

Essential Questions 

1. What relationships can be found between 
patterns and music? 

Key Vocabulary 

1. Tone 
2. No Tone 

Additional Resources 

Videos 

● Building the buzzer circuit tutorial 
● Coding the buzzer tutorial 

Documents 

● None 

Other 

● Frequency chart 
 

https://www.youtube.com/watch?v=dQNqwrBMXYU
https://www.youtube.com/watch?v=DjNMpiLLQb4
https://engineering.purdue.edu/ece477/Archive/2014/Spring/S14-Grp1/images/je/note_frequencies.jpg
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Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Poor understanding of blinking light lesson 
● Inability to distinguish between sections of 

Arduino code 

Anticipatory Set 

● Students will learn to code their buzzers at different frequencies to create different tones 
● Students will learn the difference between an active and passive buzzer 

 

Independent Practice 

● Creating the buzzer circuit 
● Experimenting with the different tones the buzzer can make through coding 

Final Assessment, Project, or Product 

● Creating a coherent array of tones such as a siren, a scale or a song 

Lesson Materials (per student) 

❏ 1 x Buzzer 

❏ 1 x Resistor (4.7k Ohms) 

❏ 2 x Jumper wires 

❏ 1 x Engineering journal 

❏ 1 x Pencil 

❏ 1 x Computer with Arduino 

❏ 1 x Assembled robot 
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Lesson 

Step 1: Building the Buzzer Circuit (10 minutes)  

In this lesson we will be adding the buzzer to our robot in the same way we added the LED. There is no 

need to take the LED circuit off the breadboard. We are not replacing it, we are adding to it. Start by 

drawing the circuit schematic on the board: 

 
In addition to giving the students a schematic to follow have them closely examine the buzzer. They 

should recognize that one leg of the buzzer is longer than the other, much like the LED. The different 

length legs, much like the LED indicate that one leg must be placed closer to the positive end of the 

circuit (the long leg), the high voltage end of the circuit if you will. With this information the students 

should be able to build the buzzer circuit. It would be wise to construct it a fair distance away from the 

LED circuit on the breadboard to avoid confusion. If this is not enough then as a class attempt to create 

a diagram of the circuit on the whiteboard, which would look like the following: 

 
This diagram has the LED circuit on it as well, but that is not necessary unless you intend to have GND 

common like in the diagram above. What I mean by that is the green wire that is going between the 
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buzzer circuit and the LED circuit is connecting the negative legs (the short ones) of both components. 

That way, if one is connected to GND, both are connected to GND. 

 
 

If it is necessary to draw the diagram on the board try having the students 

participate. Have students suggest additions to the diagram and engage in a 

conversation about how the circuit needs to be put together 

 

Step 2: How Does the Buzzer Work 

The choice of putting the buzzer on pin 6 is not arbitrary. Pin 6 is what is called a PWM pin, which stands 

for pulse width modulation. PWM is a fairly complicated process to describe and is beyond the scope of 

this class. However, we can talk about how it functions. A pin that is capable of PWM can vary the 

voltage that comes from it, as opposed to the other pins which can only give 5 Volts or 0 Volts. 

 

The buzzer will utilize the different voltages by emitting different sounds, different frequencies, 

depending on the voltage that is currently powering it. 

Step 3:  Making Tones With The Buzzer 

To program our buzzer we will use the tone block found in the pins tab in Ardublock: 

 

The tone block, like the set digital pin block, requires us to input two pieces of information. Both the pin 

the buzzer is located on (pin 6), and the frequency of the tone we would like the buzzer to make: 

 
The frequencies that can be chosen relate to different musical note like those shown below: 

 

BE
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Each of the frequencies shown will make the corresponding musical note. Frequencies that are not seen 

above can be used, but are generally much less functional. Have your students experiment with 

different frequencies and share any interesting results they may find. 

 

Once the students have had 2-5 minutes to experience with the tone block you should introduce the no 

tone block: 

 

 

The no tone block silences the buzzer. However, much like the LED, we need to be clever in how we 

code the buzzer so that the buzzer actually behaves the way we want it to. 

 

Let us say that we are trying to have the buzzer make a tone for a small amount of time, then be silent 

for a similar amount of time. A common mistake is to just put the tone and no tone blocks into the loop 

do with nothing else accompanying them: 
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I’m not sure how I would describe the noise the above code makes, but it is definitely not what we are 

looking for. We have the same issue here that we had when first attempting the blinking light code. 

Neither of these blocks are given time to take place. Delays need to be added so each block has an 

opportunity to influence the buzzer: 

 
Instead of the no tone block, we can just place another tone block of a different frequency to make a 

siren: 

 

Vocabulary 

- Tone: The tone block is capable of making the buzzer emit sounds of different frequencies. To 

do so the tone block must be given the correct pin number (for us 6) as well as a frequency. The 

frequency given dictates how high or low the pitch of the sound is and can be related back to 

musical notes. 

- No Tone: The no tone block silences the the buzzer, assuming the correct pin (6) is specified. It 

does so simply by setting the pin LOW. 

 
 

Did you know that the human ear can hear frequencies from 20Hz to 

20,000Hz. Unfortunately, the buzzer isn’t capable of making all those 

sounds. It has an effective range of about 200Hz to 1,000Hz. The 

buzzer will make noise if you input a frequency outside of that range, 

but do not expect the sound it makes to match the frequency given. 

 

TIDBIT
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The buzzer can be a force for good or for evil. It is often the case that the sound 

of several buzzers will be overwhelming. This of course depends on the number 

of students in your class as well as the physical size of your class. Using the 4.7K 

Ohm resistors like suggested should mitigate this. You should also keep an ear out for clever students 

that bypass their resistors altogether, which will create an unmistakably loud tone. Typically I will 

confiscate buzzers if this occurs. 

 
 

It is not uncommon to not hear sound after uploading the first time. There are 

a few common errors that students make when attempting to use the buzzers. 

Your checklist of things to look for is the following: 

-  

- The general mistakes that prevent code from properly uploading. Also the robot being 

unpowered. In addition the code may be referencing an incorrect pin. 

- Put your ear to the buzzer. It may in fact be making noise. The 4.7k Ohm resistor reduces the 

volume tremendously. 

- The circuit may be wired incorrectly. Most often the mistake is that wires are not on the same 

rows as the legs of the buzzer. The shape of the buzzer can make it difficult to tell which rows 

the buzzer is sitting on. 

 
 

The students are capable of doing more than just creating simple sirens using 

the buzzer. They can create a musical scale easily by following the frequency 

chart. Some of the more ambitious or musically inclined students can attempt 

to recreate common songs. Perhaps Twinkle Twinkle Little Star, or Mary Had a Little Lamb. The internet 

is a useful tool for this activity. 
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REFLECTION 

 

Comprehension 

1. How would changing the resistor change the sound coming out of the buzzer? 

2. Does changing the frequency affect the volume, pitch, or both? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 
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UNIT SIX: INTRODUCTION TO SERVO MOTORS 

 

 

Disciplinary Core Ideas 

Next Generation Science Standards 

● ETS1.B: Developing Possible Solutions: Tests are often designed to identify failure points or 
difficulties, which suggest the elements of the design that need to be improved. (3-5-ETS1-3) 

Learning Target(s) 

Technical Skills 

● Understanding physical limitations; range of motion (angles), power consumption. 

Life Skills 

● Perseverance 

Essential Questions 

1. Do we program the servo motors by giving 
them angles of position, or angles of 
motion? What is the difference between 
the two? 

Key Vocabulary 

1. Servo motor 
2. Servo (block) 

Additional Resources 

Videos 

● How servo motors work 
● Wiring one servo motor 
● Programming one servo motor 

Documents 

Other 

 

Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Poor understanding of range of motion, 
angle position vs. angle of motion 

● Inability to distinguish between known 
blocks in Ardublock 

● Poor understanding of previous coding 
exercises i.e. blinking light and buzzer 

https://www.youtube.com/watch?v=gviUtLsHDtg
https://www.youtube.com/watch?v=iTdQKmu6R1o
https://www.youtube.com/watch?v=wvKzZP0anKE
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Anticipatory Set 

● Students will learn to code their motors to move the extremities of the robot and achieve 
repeated motion 

Independent Practice 

● Wiring a single motor using the breadboard 
● Using code to experiment with the range of motion of the motors as well as the necessary 

sequence for repeated motion to occur 

Final Assessment, Project, or Product  

● Getting the robot to wave or shake its head 

Lesson Materials (per student) 

❏ 3 x Jumper wires (preferably yellow, red, black) 

❏ 1 x Engineering journal 

❏ 1 x Pencil 

❏ 1 x Computer with Arduino/Ardublock software 

❏ 1 x Assembled robot 
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Step 1: How Does the Servo Motor Work? 

 
Above is a picture of a servo motor. There are multiple types of servo motor, however the important 

characteristic of our servo motors is that they can only move in half a circle, 180 degrees.  

 

Each servo motor has three wires attached to it: an orange wire, a red wire and a brown wire. If you 

consider the previous components, the LED and buzzer, you may remember that each of them only 

needed two wires to function. The main difference between the motor and our previous components is 

how much current the motor requires. The motor constantly needs 5V fed to it in order to function, 

where the buzzer and LED only needed 5V intermittently. The motor has two wires dedicated to 

pumping current in and out of the motor, these are the red (5V) and brown (GND) wires. In our robot 

human analogy these wires would be the veins. The orange wire, on the other hand, is responsible for 

sending a signal to the motor which will tell the motor to move. This wire would be more analogous to 

the nerves that extend across our bodies, carrying signals from our brain to the muscles. 

Vocabulary 

- Servo Motor: The servo motors our robot uses are 180 degree rotation servo motors, meaning 

they only have a range of motion of about half a circle. The servo motors require much more 

power than the LED or the buzzer, which necessitates a third wire attached to the motor. The 

motor has one wire dedicated to ground (GND), one dedicated to power (5V), and one 

dedicated to receiving a signal from the Arduino. 

Step 2: Connecting the Motor (10min) 

Start by drawing the circuit schematic below: 
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A more official looking schematic, however it may 
be difficult for your students to understand what 
this schematic is saying. 

 
 
 
While this schematic looks more primitive, it will 
probably seem less abstract to the students. 

 

In general I would advise drawing the schematic on the right, however if you are looking to challenge 

your students you can draw the more abstract schematic on the left. 

 

Watch a Tinkercad simulation here of a Servo motor in action. 

https://www.tuit.tech/codingchallenges/servo/ 

 

 

 
 

 

https://www.tuit.tech/codingchallenges/servo/
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To attach our motors to the breadboard we will need to augment the servo motor wires. You will need 

three jumper wires, preferably yellow, red and black, to correspond with the orange, red and brown 

wires of the servo motor. Place one end of each of the jumper wires into the ends of the motor wires, 

being sure to color code the wires appropriately; yellow->orange, red->red, black->brown. 

 

Step 3: Getting Our Robot To Wave (45 min) 

To control the servo motor we will need the servo block, located in the pins tab: 

 

Upon closer inspection you will see, like some of the other blocks we have used to this point, the servo 

block expects two input values: 

 
The first, unsurprisingly, refers to the pin the motor has been placed on. In our case this is pin 9. The 

second is called the angle. The angle refers to the position that the motor will move to, not the total 

amount of motion that will take place. For example inputting an angle of 90 will not make the motor 

move 90 degrees, it will move to whatever position is associated with 90 degrees, no matter how near 

or far that is from the motor’s current position. 

 

While programming the servo motor, don’t forget to consider its physical limitations. The servo motor is 

capable of rotating in half a circle, 180 degrees. Because of this the angle from 0 to 180 are valid inputs 

for the servo block. You are welcome to try other angles, it will not damage the motor to do so but you 

should not expect the motor to behave itself if you do. 

 

With all that being said I think it is time to experiment. Just have your students pick an angle they would 

like to try and upload their code. 

What happens? Many of your students will claim they sawy movement, however they can not get the 

movement to repeat, even after uploading their code again. After giving them some time to experiment 

and note this behavior recommend to the students that they change the angle before uploading again, 

and to be more precise they should pick an angle that is drastically different than their current angle. At 

least 30 degrees different. They should notice that the motor moves to a new position, and once again 

stays there. 

 

This is a good time to reiterate that the angle chosen does not move the motor by that much, but rather 

moves the motor to the position associated with that angle. 
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Can we do better than this? Can we do better than repeatedly uploading code to the robot in order to 

get constant motion from the robot? If fact we can, and doing so won’t require knowledge of any new 

blocks. Much like the set digital pin and tone blocks we can use delay in tandem with the servo block to 

create repeated effects, such as what is shown below: 

 
The code above will move one of the robot’s motors back and forth over the span of two seconds. 

Vocabulary 

- Servo: The servo command is used to control the servo motors on the robot. It requires two 

things, the pin the motor is located on and the angle the motor is meant to move to. The angle 

can accept any number but the physical limitations of the servo motor limit the effective range 

from 0 to 180. 
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REFLECTION 

 

 

Comprehension 

1. If the motor has previously been set to 20 degrees and is then set to 90, how many degrees does 

the motor move? 

2. Why are there three wires attached to the servo motor and what do each of them do? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 
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UNIT SEVEN: MULTIPLE SERVO MOTORS 

 
 

Cross-Curricular Connections 

Standards 

● Developing Possible Solutions: Tests are often designed to identify failure points or difficulties, 
which suggest the elements of the design that need to be improved. 
 

Learning Target(s) 

Technical Skills 

● Understanding physical limitations; range of motion (angles), power consumption. 

Life Skills 

● Perseverance 

Essential Questions 

1. Can the motors be programmed to move 
simultaneously? If so, how? 

Key Vocabulary 

1. None 

Additional Resources 

Videos 

● Wiring three servo motors 
● Programming multiple servo motors 
● Programming the motors, LED, and buzzer 

Documents 

●  

Other 

●  
 

Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Poor understanding of range of motion, 
angle position vs. angle of motion 

● Inability to distinguish between sections of 
code 

● Poor understanding of previous coding 
exercises (in particular the last lesson). 

https://www.youtube.com/watch?v=qSbMojcwunk
https://www.youtube.com/watch?v=WfxuXAahr1Y
https://www.youtube.com/watch?v=HYT9UPo5FmE
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Anticipatory Set 

● Students will build upon the last lesson by making multiple motors move within a single program. 

Independent Practice 

● Assembling the robot’s servo motors (2 legs, 2 feet) 
● Experimenting with moving multiple motors 

Final Assessment, Project, or Product 

● Getting the robot move all motors, both one at a time and simultaneously 

Lesson Materials (per student) 

❏ 6 x Jumper wires (preferably yellow, red, black) 

❏ 1 x Engineering journal 

❏ 1 x Pencil 

❏ 1 x Computer with Arduino software 

❏ 1 x Assembled robot 
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Lesson Plan 

Step 1: Attaching the Servo Motors 

The Instruction Booklet that comes with the Penguin Bot 2 is quite thorough, but it took me a few tries 

to make sure parts were attached the right way. (I am direction challenged.) 

 

The typical message of perseverance is particularly relevant in this lesson as 

the need for fine motor skills often frustrates students. This is something as 

a teacher to be aware of. 

 

Step 2: Experimenting with The Motors 

With all of the motors wired to the robot getting everything moving is just a couple obstacles away. First 

I would recommend that the students experiment with each motor individually to see what happens. 

and which lies on pin 11 as well as find the range of motion for each of the motors. To do this I want to 

bring back the code we ended on last week: 

 

servo_right_foot.attach(6);  // attaches the right servo on pin 6 

servo_left_foot.attach(12);  // attaches the left servo on pin 12 

 

// left and right leg from the robot's perspective   

servo_right_leg.attach(9);  // attaches the right servo on pin 6 

servo_left_leg.attach(10);  // attaches the left servo on pin 12 

 

The students should start here and simply change the pin numbers to 10, then upload and note the 

behavior of their robot. Afterwards they can do the same but using pin 11 instead. It is important that 

both servo blocks are set on the same pin. Through this process the students will be able to map each 

pin, 9, 10 and 11, to one of the robots extremities.  

 

 
 

Many of the students will find that the range of motion for their motors is not 

what they desire. For example, one of the feet may be moving backwards. The 

students can correct this through a process of calibration. However, this can 

only be done while the robot is unpowered. Attempting this while the motor is moving can break the 

motor. View my calibration video here. https://www.tuit.tech/build/  

 

 

BE

 

BES

https://www.tuit.tech/build/
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Step 3: Moving Multiple Motors 

With all four of the motors attached and tested it is now possible to get them all moving. We will start 

by creating a program that moves two motors independently. The typical error when attempting this is 

forgetting that each motor should have multiple commands if the goal is getting motion to repeat. A 

student that makes this error generally only makes a single change from the previous code, resulting in 

this: 

 

void setup() { 

// left and right feet from the robot's perspective   

servo_right_foot.attach(6);  // attaches the right servo on pin 6 

servo_left_foot.attach(12);  // attaches the left servo on pin 12 

 

// left and right leg from the robot's perspective   

servo_right_leg.attach(9);  // attaches the right servo on pin 6 

servo_left_leg.attach(10);  // attaches the left servo on pin 12 

} 

 

void loop() { 

sweep_left_leg(); 

homes(1000); 

sweep_right_leg(); 

homes(1000); 

sweep_left_foot(); 

homes(1000); 

sweep_right_foot(); 

homes(5000); //servos stop in home position for 5 seconds 

} 

 

 

//Setting the 90-degree position of the servo steering geers 

void homes(int millis_t) 

{ 

servo_left_foot.write(90); 

servo_right_foot.write(90); 

servo_left_leg.write(90); 

servo_right_leg.write(90); 

delay(millis_t); 

} 

 

void sweep_left_foot() { 

  for (pos = 0; pos <= 180; pos += 1) { // goes from 0 degrees to 180 degrees 
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    // in steps of 1 degree 

    servo_left_foot.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 

  } 

  for (pos = 180; pos >= 0; pos -= 1) { // goes from 180 degrees to 0 degrees 

    servo_left_foot.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 

  } 

  homes(1000); 

} 

 

void sweep_right_foot() { 

  for (pos = 0; pos <= 180; pos += 1) { // goes from 0 degrees to 180 degrees 

    // in steps of 1 degree 

    servo_right_foot.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 

  } 

  for (pos = 180; pos >= 0; pos -= 1) { // goes from 180 degrees to 0 degrees 

    servo_right_foot.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 

  } 

  homes(1000); 

} 

 

void sweep_left_leg() { 

  for (pos = 0; pos <= 180; pos += 1) { // goes from 0 degrees to 180 degrees 

    // in steps of 1 degree 

    servo_left_leg.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 

  } 

  for (pos = 180; pos >= 0; pos -= 1) { // goes from 180 degrees to 0 degrees 

    servo_left_leg.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 

  } 

  homes(1000); 

} 

 

void sweep_right_leg() { 

  for (pos = 0; pos <= 180; pos += 1) { // goes from 0 degrees to 180 degrees 

    // in steps of 1 degree 

    servo_right_leg.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 
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  } 

  for (pos = 180; pos >= 0; pos -= 1) { // goes from 180 degrees to 0 degrees 

    servo_right_leg.write(pos);              // tell servo to go to position in variable 'pos' 

    delay(15);                       // waits 15ms for the servo to reach the position 

  } 

  homes(1000); 

} 

 

In the code above you can see that pins 6, 12, 9 and 10 are given commands one at a time. This will 

cause each motor to act only once, then rest at whatever position it was told to move to. 

 

At this point there is another common pitfall for students. Many students will make the mistake of 

grouping the same angles with the same pin number. This, indeed, can be very confusing as there is a 

left and right side to the robot. Give students ample time to experiment with the code and different 

angle positions. 

 

We can create code that will move all the motors simultaneously. Below is an example of code that 

moves all servos to home position (90 degrees) at the same time: 

 

void homes(int millis_t) 

{ 

servo_left_foot.write(90); 

servo_right_foot.write(90); 

servo_left_leg.write(90); 

servo_right_leg.write(90); 

delay(millis_t); 

} 

 

You can make the robot move many ways, including moving two motors at a time, rather than just one 

or all four. Perhaps you combine these things, making the robot shuffle to the left (for an entrance) 

before doing a little dance with all the motors. 
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REFLECTION 

 

Comprehension 

1. Explain the process of making multiple motors move in the same code. What are some common 

mistakes that must be avoided? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 
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UNIT EIGHT: ADVANCED CODING: FUNCTIONS 

 

 

Cross-Curricular Connections 

Standards 

● Defining and Delimiting Engineering Problems:  Possible solutions to a problem are limited by 
available materials and resources (constraints).  The success of a designed solution is determined 
by considering the desired features of a solution (criteria).  Different proposals for solutions can 
be compared based on how well each one meets the specified criteria for success or how well 
each takes the constraints into account. 

● Communicate with peers about possible solutions 
● Tests are often designed to identify failure points or difficulties, which suggest the elements of 

the design that need to be improved. 
● Optimizing the Design Solution: Different solutions need to be tested to determine which of them 

best solves the problem, given the criteria and the constraints. 

Learning Target(s) 

Technical Skills 

● Learning to integrate new ideas with old ones (motors, LEDs and sensors). 

Life Skills 

● Perseverance 
● Teamwork 

Essential Questions 

1. What advantages does coding with 
functions provide? 

Key Vocabulary 

1. Functions 

Additional Resources 

Videos 

Documents 

Other 
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Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Poor understanding of previous 
programming concepts 

● Inability to grasp abstract concepts 

Anticipatory Set 

● Students will learn about functions as advanced methods of implementing previous coding ideas. 
 

Independent Practice 

● Creating several functions for individual tasks that have already been covered i.e. walking, 
dancing, making sounds, etc. 
 

Final Assessment, Project, or Product  

● Having the robot do several different actions one after the other with the use of subroutines. 
 

Lesson Materials (per student) 

❏ 1 x Engineering journal 

❏ 1 x Pencil 

❏ 1 x Computer with Arduino/or Internet link to Arduino Create account 

❏ 1 x Assembled robot 
 

 

Lesson 

Step 1: Functions 

The real question is why is this useful? Haven’t we just made more work for ourselves? Well, yes and no. 

In the example above the use of subroutines is unnecessary, but as we aspire to create more and more 

complex code subroutines become a powerful tool. Take a look at the list of tasks I want my robot to do 

below: 

 

1) Rise up on tiptoes 5x 

2) Twist 

3) Play sounds or music 

4) Walk backwards 

5) Dance for a few seconds 
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Doing this without functions will take much work and be difficult to keep organized. However, if you 

take the time to create functions for each of these actions you can clean up the code inside the loop 

tremendously. Here is a function called twist(): 

 

 
 

Notice that in the code above some commands are used more than once… i.e., returning the legs to 

home position. This is done while only making one distinctly named function. These functions will run 

repeatedly when they are called upon in the loop. 

 

void loop() { 

twist(); 

} 

Vocabulary 

- Function: A set of instructions designed to perform a frequently used task. In Ardublock the 

subroutine blocks consist of the subroutine commands block, which holds the instructions, and 

the subroutine (run) block, which fits into the loop do. 
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REFLECTION 

 

 

Comprehension 

1. Using functions is a two-step process. Explain the two steps. 

2. How is naming functions significant? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 
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CULMINATING ACTIVITY/CELEBRATION  

 
 

 
 

Learning Target(s) 

Technical Skills 

● Integration of multiple coding skills 

Life Skills 

● Perseverance 
● Teamwork 
● Presentation 
● Communication 

Essential Questions 

 

Key Vocabulary 

Additional Resources 

Videos 

Documents 

Other 

 

Depth of Knowledge Levels Addressed 

Level 1:  Recall and Reproduction 
Level 2:  Skills and Concepts 
Level 3:  Strategic Thinking and Reasoning 
Level 4:  Extended Thinking 
 

Barriers To Learning 

● Poor understanding of previous 
programming concepts 

Anticipatory Set 

● None 

Task 

● Draft a plan for the final code for the robot. 
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Final Assessment, Project, or Product 

● Implement drafted code and troubleshoot appropriately. Share a sequence of robot functions 
with the class. You will be amazed with the creativity and skill your students will demonstrate 
during the sharing event. 

Lesson Materials (per student) 

❏ 1 x Engineering journal 

❏ 1 x Pencil 

❏ 1 x Computer with Arduino software 

❏ 1 x Assembled robot 
 

Lesson Plan 

Step 1: Putting It All Together 

During this culminating activity, there will be no new concepts introduced. Instead, this lesson is meant 

to be treated as more of an open lab style class, meaning the students work independently for most of 

the class and come together at the end to share their creation. What I would recommend is to have 

each of the students draft an ordered list of things they want their robot to do, and prepare an engaging 

presentation. 

 

1) Tap its right foot 

2) Turn around and walk away 

3) Sweep right, sweep left 

4) Turn around with gusto 

5) Dance for a few seconds 

 

It is likely that many of your students will have all the functions they plan to use premade from the last 

unit. They should still be encouraged to create a few new functions to add to their repertoire. Their goal 

should be to have their code made completely using functions and delays. For example: 

 

void loop() { 

twist(); 

walk_forward(500); 

homes(1000); 

sweep_right(); 

sweep_left(); 

delay(1000); 

turn_360(); 

dance(); 

} 
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Step 2: Share 

It is time for the class to present. Ultimately how you have your students present is up to you, and how 

you choose to handle presentations may change the overall shape of this unit, but I will be giving my 

suggestion for student presentations. Rather than have the students present one by one in front of the 

class I prefer to create a science fair type atmosphere. Have each of the students set up their robots and 

computers side by side with their code visible. Encourage the students to visit other students’ 

workspaces and engage each other. The goal is to create an organic sharing of ideas where students are 

intrigued enough by others work that they want to implement some of the things they have seen. 

This style of sharing can also happen effectively in a virtual environment. 
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REFLECTION 

 

Comprehension 

1. What is your favorite aspect of your own robot? 

2. What is your favorite aspect of someone else's robot? 

Challenges 

What was hard? 

Enjoyment 

What was fun? 

Mindset 

What did you learn about yourself?  What do you need to work on? 

Community 

How can what you learned impact those around you? 

Next Steps 

How do you see yourself moving forward with this project (or the next)? 
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Supporting Materials 

 

 

 


