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WELCOME! 

 

Welcome to the Engineer-in-Residence (EIR) Program! We’re committed to inspiring 
and engaging young people in the world of science, technology, engineering, and 
math (STEM), and are glad to have you onboard! Thank you for committing your 
valuable time, experience, and energy to help make this program happen. 

The EIR Program operates through building dynamic partnerships between educators 
and volunteer engineers. By working together, teachers and engineers can connect 
classroom theory to real world applications, giving students a broader picture of the 
opportunities available in engineering and technology-related fields. 

By using hands-on activities, you’ll help make STEM subjects relevant and fun.  

 

Have a great year! 

  

HOW IT WORKS 

 

The EIR program allows the engineer and school to work together to develop a custom-
tailored program that meets the science, technology, engineering, and/or mathematics needs 
of the class. Given the variety of backgrounds of our engineers, the unique requirements of 
each school, and the wide range of participating ages, there is no ‘cookie cutter’ approach to 
deliver this program. However, the lessons included in this package may be helpful to 
incorporate, or to use as reference when designing your own. 

Our EIRs work in collaboration with teachers to develop a curriculum-aligned program, 
demonstrating real-world applications of classroom theory. Your visits may include any of the 
following: 

 Giving interactive presentations 
 Facilitating hands-on activities  
 Helping with research projects 
 Leading field trips 
 Running science fairs / coordinating school-wide competitions 
 Answering student questions about engineering  
 Providing student mentorship 

 
The EIR Office is here to help support this journey, brainstorm ideas, give feedback, and 
help the program succeed.
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FIRST STEPS 

 

1. When a match is made, the primary contact teacher and EIR will receive an email 
introduction with each other’s contact information. 
 

2. The EIR office will give you instructions on how to complete your Police Check. NOTE: It’s 
mandatory to complete this check before making your first classroom visit. 
 
3. The primary contact teacher and EIR will arrange an initial meeting to discuss their strategy 
for the upcoming year. Ideally, this meeting will happen at the school, at a time that is 
convenient for both the EIR and the teacher.  
 

4. During the initial planning meeting, the EIR and the primary contact teacher should go over 
the following things: 
 
Introduction to the school community 
What does the EIR need to know about the school? This may include policies, procedures, and any 
special considerations. 
 

Reviewing of the school’s rules and regulations 
Every school has a different schedule and a different code of conduct. It is helpful for your integration 
into the community if you know certain things such as when the school day starts/finishes, how the 
school day is divided, if there are any special traditions you should observe (e.g. singing of the national 
anthem), and whether students should address the EIR by their first or last name. 
 

Goals and expectations for the year 
Let each other know what you hope to get out of the program. It is also a good idea to discuss whether 
the EIR is planning on going into more than one classroom. Discuss how you are going to deal with 
scheduling. When an EIR offers to work with multiple teachers, the primary contact teacher should help 
to manage expectations so that colleagues are not disappointed, and the EIR’s schedule is not 
overwhelmed. TIP: Teachers can be hard to reach by phone during school hours – the best way to start 
the conversation is by email. 

 
Scheduling Visits 
Since most EIRs are working professionals, the dates and times they are free to come into to the 
classroom are often limited. EIRs should come to the initial meeting with a schedule of availability, 
including how often they plan on coming to the school. If an EIR’s schedule changes, it is important that 
they notify the teacher promptly and well in advance of their scheduled visit, so the teacher can make 
the necessary changes and manage the expectations of their students. 
 

Communication 
Let each other know the best way and time to get in touch. 
 

First Visit 
Arrange your initial visit into the classroom. 
 
 
 

 
Tell your story! Most of your students may not be familiar with what engineers do, or why it’s important. Let the 
students know how you originally became interested in engineering, and what you like most about your career. 
Try to focus on the big picture—what impact does your work have on human beings and/or the environment?

Tip 
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HOW DO STUDENTS LEARN? 
 
Although you probably learned about engineering in a university-type environment, lecturing is not 
going to fly with a group of children. So what’s the best way to engage kids in the subject matter? 
 

ACTIVATING THE SENSES 
 
Research has shown that young children absorb about 50% of what they see and hear, and only 10% 
of what they read— assuming that the material is engaging and age-appropriate. In contrast, when 
children talk or express something themselves, they retain about 70% of it. This tells us that getting 
kids involved is key in the learning process [1]. 
 

                                 
Hearing: 50% absorption Sight: 50% absorption   Reading… only 10% absorption!  
 
 

Here is how most children learn [1]: 
Seeing 83% 

Hearing 11% 

Touching 3.5% 

Smelling 1.5% 

Tasting 1% 

                 
 
 

  Tip 
   Use “facilitated” teaching to engage your students in hands-on learning 
 

 
 
 
[1] Active Teaching – Active Learning, Oregon State University, 2005 
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf 

 

https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf
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MESSAGING GUIDELINES 
 

We have found that these messages generate rich conversation at an age-appropriate level.  They 
are user-friendly and engaging, helping to break the ice with audiences in both public and classroom 
settings. These messages also create a safe and welcoming point of entry for conversation about 
engineering. This is especially useful when interacting with students who may be intimidated by 
engineering and technology, such as girls, those without a technical background, and those who 
believe that engineering is difficult/unfriendly and/or inaccessible. We are working to combat and 
address these fears, intimidations, and alienations, celebrating the engineering profession in an 
environment of inclusivity. 

 
 

WHAT ARE EFFECTIVE MESSAGES? 
 
 

1. Engineering and technology solutions to a diverse set of 21 st century 

challenges require a diversity of thinkers. Thereõs a place for you in 

engineering and technology!  
 

 

2. Engineering and technology shape the world around us: yesterday, 

today and tomorrow.  
 

 

3. Engineering and technology app ly creativity and imagination to turn 

ideas into reality.  
 

 

4. Engineering and technology are essential to the safety, health, 

happiness, comfort, and efficiency of our friends, family and distant 

neighbours. Locally and globally, people working for peopl e. Engineers 

and technologists make a world of difference.  
 

 

*Source:  Changing the Conversation: Messages for Improving Public Understanding of Engineering, 

National Academy of Engineering (USA). Publisher:  National Academies Press.   

www.engineeringmessages.org 
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DIRECTIVE VS. FACILITATED TEACHING  

 
There are two approaches to teaching: directive or facilitated.[1] Directive methods are useful for 
delivering instructions and theory, whereas facilitated teaching methods focus on hands-on learning, 
engaging the students to explore the subject matter. Although both methods are valuable, facilitated 
teaching allows students to engage with the material in a hands-on way, and is generally more 
effective for younger audiences. [2] 
 
There are a few challenges with the facilitated teaching approach, such as time constraints, activities 
requiring greater supervision or guidance, and access to materials. To be used effectively, facilitated 
teaching should complement and reinforce theory that students are already somewhat familiar with, 
or it may be used in combination with directive teaching.  
 

     Tips 
¶ The EIR program will reimburse up to $200 for the cost of materials-- be sure to keep your receipts.  

¶ We recommend asking your teacher for support with your activity, and planning your time wisely.  

¶ Remember that closure activities are vital to the learning process, so it’s important that you leave 
adequate time to wrap up your lesson. 

 

How do I facilitate my lessons? 
 

¶ Be a mentor rather than presenter—ask the kids questions instead of just giving an answer.  

¶ Each child learns differently— incorporating learning that engages the senses, and calls on 
different types of intelligences will help students absorb and retain more information. 

¶ Our minds learn through patterns and associations— try to relate new material to something 
that your students can understand. For instance, if you’re talking about tension forces, you 
can ask a student to push and pull on a string. 

¶ Recognize the work of your students—recognition and encouragement should be given as 
early on as possible. Young people learn best in environments that are warm and accepting. 

¶ Ask students to talk about or present their work as early on as possible. They will retain more 
of the information this way, and feel more active in the learning process. 

¶ Use self-evaluation, closure, and reflection activities. 
 
 

 

 

 

 

 

 
[1] Active Teaching – Active Learning, Oregon State University, 2005 
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf 
 

[2] Hartley, James, “Effective Teaching: Facilitative vs. Directive Style” in Teaching Psychology: A Handbook. Psychology Press: 1990. p. 103-104. 

 

 

 

 
 
 

https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf
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What is active learning? 
 

 

Directive Approach Facilitated Approach 

Uses lecture-style teaching Uses activities that are engaging and active 

Communication is 1-way, from teacher to 
students 

Exercise is defined by the teacher. Information is shared 
between students, and with the teacher 

Teacher gives solutions to problems Teacher organizes material, students find their own 
solutions. 

Focus on answering questions Focus on asking questions 

Teacher is the “expert” Teacher and students learn from each other. Teacher 
provides support in the learning process. 

Discussion is minimal Discussion and activity is encouraged 

Product-focused learning Process-focused learning 

Teacher determines the class format Students explore material within defined parameters 

Focus on individual subjects Draws connections between subjects 

 
[1] Active Teaching – Active Learning, Oregon State University, 2005 
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf
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ACTIVE TEACHING EXERCISES 
 

The following exercises can be creatively applied to deliver information, survey students’ knowledge 
on a subject, or reflect on learning concepts.  
 

1. Value line: make a line on the ground using masking tape. Students step on or off the line 
depending on if the agree/disagree with a statement, or think a statement is true/false.  

2. A debate line: this is a variation on the value line, but the line is placed in the centre of the 
room and represents ‘neutral.’ One end of the room represents agreement, the other 
opposition. A series of questions are asked and students step either the direction of 
agreement or disagreement, or stay still if they are neutral. Between each question, students 
are given the opportunity to explain their choice. This technique is most effective with high 
school students or adults. 

3. Think, pair, share: students are asked a question and they share their thoughts with their 
neighbour/partner. 

4. Placematting: each group of 3-5 students receives a large piece of paper with a question or 
topic written in the centre. Students write ideas relating to the topic, and can bounce ideas. 
This can also be done with the groups rotating to each placemat, followed by presenting their 
thoughts. 

5. Peer review: students review and comment on the work of their neighbour. Ask students to 
give constructive feedback, both positive and negative. You can use the “two-stars-and-a-
wish” structure for giving feedback. 

6. Snakes and Ladders: make your own Snakes and Ladders game asking trivia questions on 
the topic of interest for the squares that they land on.  

7. Card ranking: each group is given a series of cards (e.g. objectives) and asked to arrange 
them in priority, providing an explanation for their decision. 

8. Clusters: each student receives a card with a word or idea on it. Students compare cards, 
trying to find others that are related. When they find a related card, the students form a 
cluster, and search for others that are related. Ask the students to name their cluster, and 
explain the relationship between their cards.  

9. Dot voting: a list of options or ideas is posted. Each student can put 3 dots next to their 
favourite idea(s) to vote. This can also be used to survey students about their knowledge on a 
subject. 

10. What, So What, Now What? Students ask each other what they learned, why it’s important, 
and what they’re going to take away. 

 
 
Resources: http://www.nicurriculum.org.uk/docs/key_stage_3/ALTM-KS3.pdf 

 

 

 

 

 

 

 

http://www.nicurriculum.org.uk/docs/key_stage_3/ALTM-KS3.pdf
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STRUCTURING A LESSON 

Without a strategy, teaching a classroom full of children can feel like trying to herd cats. It’s important 
to stay organized, and to develop a game plan that will catch the attention of students who are not 
intrinsically interested in science, math, and engineering.  

The following structure aims to “hook” the students’ attention, so they will be engaged in your lesson 
and understand the big picture. There are four key sections to this recipe:  

1. “Hook” the students’ attention 
2. “Development” of key concepts, giving instructions 
3. “Application” of theory to execute an activity 
4. “Closure” of the lesson, reinforcing learning concepts 
 

      Tip 

When most people plan a lesson, they tend to think about the “Development” and “Application” steps 
only. Although it may seem time-consuming, we can’t emphasize enough how vital a “Hook” and 
“Closure” are to the learning process.  

1. HOOK 
A hook should be short, snappy, and ideally under 3 minutes in length (although there are some 
exceptions). It’s meant to grab the attention of your students, often showing the “big picture” context 
of the lesson subject. The hook should lead into your lesson, but should not teach new lesson 
material. 
 
Examples of a “good” hook are: a short video or sound clip, photographs, an engaging story, an 
interesting object, something connecting the lesson to the students’ lives, a demonstration, or a 
challenging question. 
 

2. DEVELOPMENT 
This is the time to share your skills and knowledge, or to help students explore their own skills and 
knowledge of a subject. If there are any new concepts or vocabulary, you should include it here. This 
is also a chance to remind students of what they already know about the topic. This can be facilitated 
or directed learning, depending on how knowledgeable the students are on the topic at hand. 
 

3. APPLICATION 
This is also known as the “activity.” The application should be creative and hands-on, reinforcing the 
ideas and concepts explored in the development section. This is the opportunity for students to 
demonstrate their new skills and knowledge, and uses facilitated teaching methods. 
 

4. CLOSURE 
This step gives the chance for students to reflect on their learning, reinforcing concepts learned. It’s 
also valuable feedback for the EIR, revealing what the students are taking away from the lesson. 
When used effectively, this should be the most important part of your lesson. 
 

Examples of closure activities include: 
¶ Popcorn: students share a word or thought by saying it randomly aloud 

¶ Value line (see Active Teaching Exercises) 

¶ Round circle: students share their thoughts/reflections in a circle 

¶ Think, pair, share (see Active Teaching Exercises) 

¶ Place matting (see Active Teaching Exercises) 
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PLANNING YOUR YEAR 

There is no cookie cutter way of running the EIR Program. It’s up to the teacher and the EIR to determine how 
often the EIR visits the school, how many classes she/he visits, etc. The teacher may request the EIR to cover 
certain areas of the curriculum, and the EIR may want to share a lesson from their area of expertise. Each 
Teacher/EIR team must decide what works best for everyone.  
 

IMPORTANT: The teacher should be in the classroom with the EIR at all times. 
 

 
Here are a few things to consider: 
 
How will you format the EIR’s classroom time? 
Some EIRs give a presentation on a topic leading into a hands-on activity. Other teams start with a lesson by the 
teacher on the theoretical material, followed by a hands-on activity led by the EIR. EIRs can also do large, multi-
classroom presentations, or even lead school-wide engineering challenges. Talk to the teacher and let them 
know what you’re comfortable with. The visit format does not have to be the same every time. 
 
Do you want to do a long term project or a one-time activity? 
Some EIRs do a different, curriculum-relevant activity or presentation every time they go into the classroom. 
Some like to plan longer term, multi-visit projects that can stretch over several visits. In some cases, they even 
implement year-long projects. 
 
What are the expected outcomes of each visit? 
Set clear objectives and expectations for each lesson. For example, what are the pre-requisites for 
understanding the lesson? What is the desired learning outcome or retained knowledge? Is there any prep 
students need to do before the class? What happens if you are unable to finish the planned activity in the 
expected time? Discussing these points in advance helps ensure that the EIR’s time in the classroom is as 
productive as possible. 
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 Tips 

¶ Teachers know their schedule for the full year in September. Pick a date, and they will be able to tell 
you what curriculum topic they are covering. Some EIRs and teachers like to program the full year of 
visits at the initial planning meeting; some like to arrange their visits as they go. Work together to figure 
out which system is best for you. 

¶ Learn about school facilities. Some schools have special audio-visual equipment like Smartboards or 
Tech Labs. New technologies sometimes take a few minutes to get used to – if possible, try and come 
early to try them out beforehand. 

¶ Both the engineer and teacher have to be aware and respectful of each others’ schedules, and it is very 
important to maintain regular contact. Teachers typically prefer email to telephone during school hours. 
Telephone calls usually need to be scheduled in advance. 

¶ Always schedule one visit ahead, or set a telephone/meeting date to discuss the next visit.  It is better 
to have something tentative on the calendar, even if it needs to be changed, then to lose momentum. 

¶ Embrace failure! Sometimes experiments don’t go as planned, or discussions go in an unexpected 
direction-- this can provide the most rich and valuable learning opportunities! 

¶ You can work in all subject areas, regardless of your specific expertise. The program is not intended to 
be limited to “Understanding Structures and Mechanisms” – all areas of the science and technology 
curriculum benefit from hands-on, minds-on engagement. Our activities cover all four strands. 

¶ Classroom time is precious. EIRs should arrive at least 10 minutes early with EVERYTHING you 
need. If you aren’t sure if the school will have something, ask. Be overly organized, and don’t leave 
anything to chance! 

¶ Try experiments and hands-on activities at home first 

¶ The engineer is there to support the learning process.  The teacher is the professional educator. Be 
open to learning from each other! 

¶ STEM refers to Science, Technology, Engineering and Mathematics. STEAM is now gaining … well… 
steam! It refers to Science, Technology, Engineering, Arts and Mathematics. Thinking of STEAM 
instead of STEM helps us remember and recognize the importance of the arts for creativity and 
innovation in the classroom (and beyond!). This can also help engage students who may not otherwise 
be interested in engineering. 

¶ If you are feeling uncomfortable or unsure about how to begin or proceed with the program, let us 
know. We have amazing, experienced EIRs and teachers who would be happy to talk with you, answer 
your questions and help get things rolling at your school.  

 

! 
IMPORTANT 
Teachers have to work within the Ontario Government-mandated curriculum. EIRs 
do not have to become experts on the curriculum, but they should make sure to read 
the section of this guide on curriculum so they understand how it works, and how it 
affects the program. Curriculums can be found online. 
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OTHER GOOD THINGS TO REMEMBER… 

Remember that the EIR Program is not something that is mandatory in schools; teachers have signed up 
because they are excited and enthusiastic about bringing the joy of learning to their students. They also 
often have to give up personal time to plan and coordinate the program for their school. Remember that 
teachers are the expert in their classroom – they know teaching, the different ways children learn, the 
curriculum and they know their individual students. Listen to their advice regarding presentation and 
teaching styles, how to assign students to groups, your conduct in the classroom, etc.  

If you are having trouble communicating with your teacher, contact the EIR Office. Sometimes there may 
be circumstances you are unaware of (unexpected illnesses, etc.) that we may be able to sort out. Please 
don’t simply drop off the radar – it reflects badly on the program, and it means that we will have to spend 
time tracking you down. If we don’t know there is a problem, then we can’t help!  

Sometimes, for whatever reason, a match is just not a good fit. If this is the case, please tell the EIR Office 
and let us handle the ‘break up’. We will deal with the politics, and can then do our best to find you another 
school or engineer volunteer. Sometimes moving on can be for the best! When one doors closes, another 
one opens… 

Curriculum topics should be seen as a starting point; there is a vast variety of hands-on activities or 
experiments that can be done to demonstrate or allow students to explore particular topics… so be 
creative! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 12 – 
Engineer-in-Residence Program Guide 

 

BEG, BORROW AND REPURPOSE!  

Locating cost-effective materials for projects can be tricky! We asked our EIRs to send in their best tips, 
and have compiled them here.  

 

Use Found or Re-Salvaged Materials: 

 Broken toys (collected from parents, schools, or your local salvation store) can be a 
great source for certain parts such as wheels, motors, wood, etc. 

 Use materials from you recycling bin (paper towel rolls, cardboard, etc.) 

 

School Resources 

 Local universities and colleges often have resources or special facilities that visiting 
school groups can use. They may also provide materials (e.g. dry ice) or equipment that 
can be hard to find. Try contacting the Engineering Department.  

 Local school boards often have science kits that teachers can borrow. Ask your teacher 
if this is an option, or call your local school board representative. 

 

Ask For Donations 

 School newsletters or bulletins are a great way to advertise to parents that you are in 
need of a particular material (egg cartons, Popsicle sticks, old toys, etc.). 

 Approach local engineering, construction or technical firms to see if they have excess or 
damaged materials they can donate. In some cases, your own companies may be 
willing to contribute.  

 

Always remember the three Rs: Recycle, Reuse, and Repurpose!  

! 
CAUTION 
Do not purchase glue guns from dollar stores. They are a safety concern and not 
recommended by STAO (Science Teachers Association of Ontario) or OCTE (Ontario 
Council of Tech Educators).  
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GENERAL SPEAKING TIPS  
 
 Make sure your presentations aren’t longer than your students’ attention spans. Talk to your 

teacher if you are unsure how long your presentation should be.  

 Don’t lecture – engagement during presentations is critical! Keep speaking short, sweet, and to 
the point.  

 Ask your students questions to ensure they understand what you are speaking about. Include 
discussions. 

 Movement can also be helpful, especially with younger kids. You can use simple physical 
activities to keep them engaged (e.g. ‘everyone who has seen an airplane, wave your hand in 
the air!’). 

 Teachers know their students best. Having the teacher participate in discussion sessions can 
be helpful – they will know which students to choose to respond to questions. As one of our 
teachers commented: “Sometimes it’s not the first hand up that should be responded to.” 

 In any interaction, always use language that students can understand. If you are not sure,  
ask your teacher for advice. 

 Include hands-on learning in every session, and keep talking to a minimum. Kids learn best by 
doing. 

 Encourage students to ask questions as you go – don’t have them save them till the end.  

 Relate concepts to things the students are familiar with, such as local industry, architecture, 
history, or community experiences.  

 Don’t be afraid to bring your own story to the classroom. Emphasize the big picture of your 
work—what is the impact on human beings and/or the environment?  

 Students of all ages will get restless with long, text-heavy presentations. Think hard before 
deciding if PowerPoint slides are necessary: if you don’t need it, don’t use it! If you do decide to 
use PowerPoint, remember to intersperse your presentation with discussion questions that 
engage your audience, to keep the text limited, and to use lots of pictures and other visuals.  
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1. THE THREE LITTLE PIGS  
 

GRADE   1 LESSON DESCRIPTION 

Use the story of "Three Little Pigs" to investigate building materials. ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Communication 

PREPARATION TIME 15 minutes 

ACTIVITY DURATION 45 minutes 
 

TOPICS  

Understanding Structures and Mechanisms 

Grade One  
This task addresses the 
following overall expectations:  
 investigate structures that 

are built for a specific 
purpose to see how their 
design and materials suit 
the purpose; 

 demonstrate an 
understanding that objects 
and structures have 
observable characteristics 
and are made from 
materials with specific 
properties that determine 
how they are used. 

And the following specific expectations: 
 follow established safety procedures during science and technology investigations;  
 investigate characteristics of various objects and structures, using their senses; 
 investigate, through experimentation, the properties of various materials;  
 use technological problem-solving skills and knowledge acquired from previous investigations, to 

design, build, and test a structure for a specific purpose;  
 use appropriate science and technology vocabulary, including experiment, explore, purpose, rigid, 

flexible, solid, and smooth, in oral and written communication; 
 ωǳǎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦƻǊƳǎ όŜΦƎΦΣ ƻǊŀƭΣ ǿǊƛǘǘŜƴΣ ƎǊŀǇƘƛŎΣ ƳǳƭǘƛƳŜŘƛŀύ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ 

audiences and for a variety of purposes; 
 describe structures as supporting frameworks;  
 describe the function/purpose of the observable characteristics of various objects and structures, 

using information gathered through their senses; 
 identify the materials that make up objects and structures; 
 describe the properties of materials that enable the objects and structures made from them to 

perform their intended function. 
 

MATERIALS STUDENT MATERIALS 

 Lego blocks  

 Popsicle sticks  

 Storybook (Three Little Pigs)  
 Fan/ Hair Dryer 

 Drinking straws 

 Tape or glue 
 

HOOK  

Read the story of the Three Little Pigs. Ask the students what the pigs used their house for sleeping, protection 
from wind, to hide from wolves. 

 
 

DEVELOPMENT  

Discuss properties of the three building materials: straw, wood (popsicle sticks), and brick (lego). 
 
Vocabulary: 

 Reinforcement 

 Side-sway 

 Bracing 

 Stabilize 
 

APPLICATION  

Preparation Considerations: Group students into either 3 or 6 equal teams; separate materials for each group. 

1. Ask each group to build their own homes out of straw (drinking straws), brick (Lego) and wood (popsicle 
sticks).  

2. Allow students 15 minutes to build the houses in teams, strengthening their team cooperation skills.  

3. After 15 minutes send the wolf (fan/hair dryer) to huff and puff and blow their houses down. LǘΩǎ Ŧǳƴ ǘƻ 
disguise the fan/hair dryer as some sort of wolf in order to help ǎƛƳǳƭŀǘŜ ǘƘŜ ǎǘƻǊȅΩǎ ŜƴǾƛǊƻƴƳŜƴǘΦ 

4. Explain that each material is strong/ rigid / flexible and explain how the use of accompanying connections 
(nails, beams, etc) can make the structure stronger. 
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CLOSURE  
Ask each group to explain why the built their house the way that they did. Ask students which house they 
would chose to hide from the wolf, and how they could have made the houses stronger.  
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2. OIL SPILL  CLEANUP  
 

GRADES   1-6 ACTIVITY DESCRIPTION 

This activity focuses on the environmental impact of oil spills, allowing 
students to try different tools to determine the most effective solution(s) 
for clean up. Emphasis is placed on the importance of sustainability and 
risk management, and preserving the environment for future 
generations. 
 

ASSESSMENT CATEGORIES 

Application 
Knowledge and Understanding 
Thinking and Investigation  
Communication 
Team-Building Skills 

PREPARATION TIME 20 minutes, plus time to collect materials 

LESSON DURATION 40 minutes 
 

TOPICS  

Understanding Structures and Mechanisms Physics 

Understanding Matter and Energy Chemistry 

Understanding Earth and Space Systems 
This exercise will challenge the students to:  
 Understand the importance of sustainability and disaster prevention in recognition of the moral and social responsibility of preserving the 

environment for future generations; 
 Understand the basic concepts of science, engineering, and technology as they hypothesize, test various processes using technology and 

evaluate the effectiveness of their ideas in terms of benefits, costs and risks. 
 Discuss the importance risk assessment in preventing environmental disasters; 
 Emphasize the importance of planning for disaster response; 
 Investigate and determine the best method for oil spill remediation; 
 Explore the use and effectiveness of different tools and dispersant in the following situations: 

o Oil spill on a water body 
o Oil spill on wildlife 
o Oil spill from water affecting shorelines; 

 Examine structure and function through the observation of how man-made tools such as cotton and paper towels expand to absorb oil; 
 Examine the effectiveness of oil dispersants in oil spill response; 
 Develop skills, strategies and problem-solving thought processes through communication with peers in a group setting as they discuss 

ideas for clean-up of the oil, as well as the benefits, costs, and risks of each method. 
 

CROSS-DISCIPLINE CONNECTION  

Social Studies 
 

MATERIALS 

 3 small baking pans 
 Water 
 Vegetable or olive oil mixed with 

cocoa powder (to resemble 
petroleum) 

 Stones/pebbles 
 Feathers 
 Various remediation tools: plastic spoons, paper towels, cotton 

balls, spray bottle with diluted dish detergent, etc 

 

 
 

 
 

* This activity is modified from the University of Windsor Bridging Worlds ð An Engineering Education 
Experience project by Natalia Bartos and Susan Franzon. 
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HOOK   
 
Choose one or two of the following suggestions: 
 Show images of before and after an area has been impacted by an oil spill; 
 Demonstrate how oil disperses across water over time; 
 Use a value line (see active teaching tools) to ask students questions about the properties of oil. 
 
DEVELOPMENT  
 

Ask students: 
 What do we use oil for in our daily lives (cooking, fuel, etc.)? 
 How do you normally clean up spilled oil at home? 
 How do you think spilled oil would affect plants and animals in an ecosystem?  

 
Explain: 
 Why  oil is transported over long distances 
 Our dependency on oil for fuel and plastics 
 Impacts that oil spills have on the environment 
 Methods of cleaning up oil spills 
 The role of engineers in preventing contamination and cleaning up areas that are contaminated 
 Give examples of past oil spills, and explain the effect on the environment 

 
Vocabulary: 
 Crude oil 
 Site remediation 
 Dispersant 
 Solvent 
 Ecosystem 
 Contamination 
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APPLICATION  
 
Set up three stations, each corresponding to the following scenarios: 
 
Station 1 
Pour water and the oil mixture in another pan. This will imitate an oil spill on a water body.  
 
Station 2 
Place feathers in a second pan and pour the oil mixture over it. This will imitate oil on wildlife.  
 
Station 3 
The last station will replicate an oil spill on land. Place stones in the last pan and pour the oil mixture over the 
stones.  
 
In each station, students will compare which method is most/least effective through the use of each 
remediation tool. Essentially, students will conclude that some materials will work very well in some cases, but 
they can actually increase the damage in others (ex., in Station 2, if using detergent, the oil will disperse mix 
with the water, thereby further contaminating the area). 
 
²ƛǘƘ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ƘŜƭǇΣ ŜŀŎƘ ƎǊƻǳǇ ƻŦ ǎǘǳŘŜƴǘǎ Ŏŀƴ ǊŜŎƻǊŘ ǘƘŜƛr observations using the following table: 
 

Clean-up technique Station 1: Water/Oil Station 2: Feathers Station 3: Stones 
 
Spoons 
 

   

 
Paper Towel 
 

   

 
Cotton Balls 
 

   

 
Spray Dish Soap 
 

   

 
CLOSURE  
 
Sample discussion questions: 
 What cleaning method was most effective for each situation? 
 What other approaches might work? 
 Which animals would be affected by an oil spill? 
 What are the problems and challenges when cleaning up after an oil spill? 
 How important is it to respond quickly to an oil spill? 
 What is the role of engineers in preventing and cleaning up spilled oil and environmental 

contaminants? 
 Why do we need to be concerned about polluting the environment? 
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3. THE WATER CYCLE  
 

GRADE   2 ACTIVITY DESCRIPTION 

Students will gain an understanding of the water cycle through 
discussion and demonstration. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Communication PREPARATION TIME 30 minutes 

ACTIVITY DURATION 60 minutes + time for student report writing 
 

TOPICS   CROSS-DISCIPLINE   

Understanding Earth and Space Systems 

Understanding Matter and Energy 

Understanding Life Systems 

Grade Two  
 investigate the characteristics of air and water and the visible/invisible effects of and changes 

to air and/or water in the environment; 
 demonstrate an understanding of the ways in which air and water are used by living things to 

help them meet their basic needs. 
 investigate stages of the water cycle, including evaporation, condensation, and precipitation; 
 use appropriate science and technology vocabulary, including solid, liquid, vapour, 

evaporation, condensation, and precipitation, in oral and written communication. 
 

 MATERIALS  

  kettle 
 can 
 tongs  
 ice cubes 
 water 
 scissors 

 food colouring  
 1 large paper or Bristol board 
 electric griddle or frying pan 
 small pieces of paper 
 blue/purple crayons or markers  
 tape 

 

HOOK  

Ask students what the three states of water are. Write the three states on a large paper or bristol board. 
Divide students into three groups and give each student a small square of paper. Have each group to draw a 
state of water: either in liquid, solid (ice), or gas (cloud) states. Ask them to cut out their image and tape it 
onto a large piece of paper under the appropriate section of the water cycle.  

 
DEVELOPMENT  

Ask students:  
What does the inside of a cloud look like? Note that fog is a cloud on the ground. 
Does hot air or cold air hold more moisture? 

Explain the relationship between temperature and states of matter. Use the example of chocolate melting 
whŜƴ ƛǘΩǎ ŀ Ƙƻǘ ŘŀȅΣ ōǳǘ ƛǘ ǊŜǘǳǊƴƛƴƎ ǘƻ ǎƻƭƛŘ ǿƘŜƴ ƛǘΩǎ ƛƴ ǘƘŜ refrigerator.  
 
Vocabulary: 
States of matter 
Condensation 

Evaporation 
Vapour 
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APPLICATION  
 
Condensation 
 Fill a can with ice, a few drops of food colouring and water. Observe water condensing on the side of the 

can. (This happens almost immediately on a warm humid day, but it's almost impossible to achieve in winter 
when the air is dry. In the winter, try breathing on the can to provide warm, moist air).  

 Leave the can on the table and look back periodically to see water droplets forming. It should take 10-15 
minutes in warm weather.  

 
Evaporation  
1. Melt an ice cube on an electric griddle.    
2. Ask students where snow and freezing rain come from.  
3. Evaporate the water ς point out that the water vapour is in the thin invisible layer immediately above the 

griddle.  The steam is the water vapour condensing to form tiny droplets (i.e. a cloud).  
 
Water Cycle Demonstration:  
 Boil water in a kettle and hold a can of ice water above the steam.  
 Let the water vapour condense on the can and drip back into the kettle. 
 
CLOSURE  
Engineering Tie-In:  
One possible application is to talk about condensation forming inside a wall when hot air cools, and how 
engineers solve this problem.  
 
Ask students: 
 What are some examples of condensation in everyday life?  
 Why is rain important? 
 Why does it snow in the winter instead of raining? 
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4.  SUN, WIND , AND WATER  
 

GRADE   2 ACTIVITY DESCRIPTION 

Study sun, wind and water- the main elements of weather ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Application 
Communication 

PREPARATION TIME Varies (time to gather materials) 

ACTIVITY DURATION 45 minutes 
 

TOPICS STRAND 

Understanding Earth and Space Systems 

Grade Two  
 investigate the characteristics of air and 

water and the visible/invisible effects of 
and changes to air and/or water in the  

 environment; 
 demonstrate an understanding of the 

ways in which air and water are used by 
living things to help them meet their 
basic needs. 

 follow established safety procedures during science and technology investigations 
 Identify and describe forms of moisture in the environment; 
 investigate, through experimentation, the characteristics of water; 
 investigate the stages of the water cycle, including evaporation and condensation, 

precipitation, and collection; 
 use appropriate science and technology vocabulary, including solid, liquid, vapour, 

evaporation, condensation, and precipitation, in oral and written communication; 
 identify air as a gaseous substance that surrounds us and whose movement we feel as 

wind. 
 

MATERIALS STUDENT MATERIALS 

 kettle 
 cold spoon  

 

 lamp  
 talcum powder 
 

 bottle 
 a pot  
 ice cubes 

 

HOOK  
Simulate a rain storm by standing in a circle. Start at one end and get the students to sequentially start 
snapping their fingers until it spreads around the circle. Switch to patting your legs until the entire circle has is 
doing it. Next, start lightly stamping your feet, until it travels around the circle. Finish by snapping fingers 
again, and then get more and more quiet until the storm is over. 
 

DEVELOPMENT  
Review the water cycle and discuss the roles that sun, wind, and water play in weather systems. 
 
APPLICATION  

Rain Demonstration:  

 Boil water in a kettle. As the steam rises, show students the condensation forming on a cold spoon, then 
ƘƻƭŘ ŀ Ǉƻǘ ƻŦ ƛŎŜ ŎǳōŜǎ ƻǾŜǊ ǘƘŜ ƪŜǘǘƭŜΩǎ ǎǇƻǳǘΦ 

 Allow students to observe water droplets forming on the bottom of the pot. After a few minutes water 
droplets will fall like rain.  

Wind Demonstration:  
 Sprinkle talcum powder over the bulb of a hot lamp. The powder will move as heat rises from the lamp. 

 
CLOSURE  
Engineering tie-in: Dew forms on the ground when the air cools overnight. Water can be captured by digging a 
ditch and laying a piece of plastic over it, with a rock on the centre and a cup under the plastic.  
 

Ask students to share one thing they learned or one question they still have about weather systems
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5. MARSHMALLOW TOWER COMPETITION  
 

GRADES   3 and 5 LESSON DESCRIPTION 

Build the tallest free standing marshmallow tower. ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Communication 
Team-Building Skills 

PREPARATION TIME 15 minutes 

ACTIVITY DURATION 60 minutes 
 

STRAND STRAND 

Understanding Structures and Mechanisms 

Grade Three Grade Five 
 investigate strong and stable structures to determine how 

their design and materials enable them to perform their load-
bearing function; 

 demonstrate an understanding of the concepts of structure, 
strength, and stability and the factors that affect them. 

 follow established safety procedures during science and 
technology investigations; 

 investigate, through experimentation, the effects of pushing, 
pulling, and other forces on the shape and stability of simple 
structures; 

 use technological problem-solving skills and knowledge 
acquired from previous investigations, to design and build a 
strong and stable structure that serves a purpose;  

 use appropriate science and technology vocabulary, including 
compression, tension, bracing, strength, and stability, in oral 
and written communication; 

 define a structure as a supporting framework, with a definite 
size, shape, and purpose, that holds a load;  

 identify structures in the natural environment and in the built 
environment. 

 investigate forces that act on structures and mechanisms; 
 identify forces that act on and within structures and mechanisms, 

and describe the effects of these forces on structures and 
mechanisms. 

 follow established safety procedures for working with tools and 
materials; 

 use scientific inquiry/research skills to investigate how structures 
are built to withstand forces; 

 use technological problem-solving skills to design, build, and test a 
frame structure that will withstand the application of an external 
force or a mechanical system that performs a specific function;  

 use appropriate science and technology vocabulary, including 
tension, compression, torque, system, and load, in oral and written 
communication; 

 use a variety of forms (e.g., oral, written, graphic, multimedia) to 
communicate with different audiences and for a variety of 
purposes; 

 identify internal forces acting on a structure, and describe their 
effects on the structure; 

 identify external forces acting on a structure, and describe their 
effects on the structure, using diagrams. 

 

MATERIALS STUDENT MATERIALS 

 Small marshmallows  
 Toothpicks (round)  

 Metre stick 
 Timer/stopwatch 

 Piece of paper with 20cm x 20cm square drawn on it 

ACTIVITY DESCRIPTIO 

HOOK  

Show photos of the Leaning Tower of PisŀΦ !ǎƪ ǎǘǳŘŜƴǘǎ ǿƘŀǘ ǘƘŜ ōǳƛƭŘƛƴƎ ƛǎΣ ǿƘŜǊŜ ƛǘΩǎ ƭƻŎŀǘŜŘΣ ŀƴŘ ǿƘȅ ƛǘΩǎ 
leaning. Show examples of some modern-day towers and sky-scrappers. 
 
DEVELOPMENT  

Ask students: 

 Why do people build towers? (To live in, offices, tourist attractions, etc.) 
 What are some qualities of a good tower? (Strong, stable, good view, etc.) 
 What are some challenges that you might face when building a tower? (Cost, unstable ground, wind) 

 
Vocabulary: 
 Tension 
 Compression 

 Stress 
 Foundation 

 Beam 
 Column
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APPLICATION  

 
Teams of three build towers made of marshmallows and toothpicks.   

For Grade 5: Students are given 50 toothpicks and 25 marshmallows to start. The team must purchase 
additional materials using a budget of $100,000. Additional toothpicks cost $1,000 and additional 
marshmallows are $5,000.  
The goal is to build the tallest, most stable tower (at the lowest cost if in Grade 5). Groups are given 25 
minutes.  

Give each team a piece of paper with a 20cm x 20cm square drawn on it. The tower base must fit in this 
square, but the structure above the base may hang over. Teams will build the structure by sticking two or 
more toothpicks in each marshmallow. In building the tower students should discover the strongest structures 
are triangles.  After 25 minutes students are told to stop building (they are given warnings at the 5, 3 and 1 
minute mark). If their structure is unstable they may hold it until it is measured.  

Use a metre stick to measure the height and stability of each tower.  Towers need to stand still for 60 seconds 
to be eligible and penalty points are deducted if any part of the base is outside the 20cm x 20cm square.  
The winning team is the one with the tallest and most stable tower with no penalty points. Lowest cost is also 
a considered if working with a Grade 5 classroom. 

CLOSURE  

Ask students: 

 What type of design was strongest? 
 Were the strongest towers also the tallest ones? 
 How would you change your design if you were to do the exercise again? 
 If you were going to live in one of these towers, which one would you chose? Why? 
 Why are there are so many tall buildings being built? Where are they usually built? 
 (If in a city) How many students in the class live in high-rise buildings? 

 

TIPS  
 Students can eat the towers afterwards.  

 Buy LOTS of toothpicks and marshmallows!  

 Toothpicks MUST be round for the activity to work. 
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7 . MAKING MUSIC   
 

GRADE   4 LESSON DESCRIPTION 

Explore the properties of sound by building an instrument. ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Communication 

PREPARATION TIME 20 minutes 

ACTIVITY DURATION 75 minutes 
 

STRAND   CROSS-DISCIPLINE 
CONNECTION  Understanding Matter and Energy 

Grade Four Social Science 
This task addresses the following expectations: 
 investigate the characteristics and properties of light and sound; 
 demonstrate an understanding of light and sound as forms of energy that have specific characteristics 

and properties. 
 investigate the basic properties of sound;  
 use technological problem-solving skills to design, build, and test a device that makes use of the 

properties of light or sound;  
 use scientific inquiry/research skills to investigate applications of the properties of light or sound; 
 use appropriate science and technology vocabulary, including natural, artificial, beam of light, pitch, 

loudness, and vibration, in oral and written communication; 
 describe properties of sound, including the following: sound travels; sound can be absorbed or 

reflected and can be modified; 
 explain how vibrations cause sound; 
 identify devices that make use of the properties of light and sound. 

 

 

 MATERIALS  

  Rulers, panpipes, straws, egg carton (one per each group of 3 or 4), rice, tuning fork, 
water, bowl, plastic wrap 

 

HOOK  

Play music clips from traditions around the world. Then ask the students:  
 How many people in the class listen to music? How often? 
 Why do people listen to music?  
 What is music used for? (Concerts, religious ceremonies, holidays, celebrations, traditional events, 

movie soundtracks, commercial jingles, etc.).  

 
DEVELOPMENT  

Ask the class: What is sound? (Vibration)  
 Demonstrate by placing rice in a bowl covered with plastic wrap. Hit a tuning fork and allow the 

students to see it vibrate. Bring the tuning fork close to the bowl and show the class how the grains of 
rice also vibrate. 

 Draw a sound wave on the blackboard.  
 Provide students with rulers and challenge them to produce vibrations (i.e. sounds). Prompt them to 

twang the ruler by holding it tight to the edge of the desk, leaving a section to overhang. Hold the ruler 
near the edge of the desk (before the section that overhangs) ς do not hold the ruler at its end.  
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Ask the class:  
 What is pitch? (frequency of vibration)  
 How can we change the pitch of something?  

 
Ask the students to change the pitch of the ruler ς they can accomplish this by changing the amount of 
overhang before they twang the ruler.  
 
Students can feel the change in frequency when they change the pitch of their voices by placing fingers on the 
front of their throats.  
 
Ask the class:  
 What is volume? (height of the vibration)  
 How can we change the volume? (twang harder)  

 
Draw sound waves on the blackboard showing changing volume. 
 
Vocabulary: 
 Vibration 
 Frequency 

 Amplitude (loudness) 
 Pitch (frequency of vibration) 

 
Explain that engineers design all sorts of things relating to sound. This can be anything from musical 
instruments to musical software to sound systems to sound insulation. Think about designing an opera hall to 
carry a singers voice, or walls on the highway that reduce traffic noise in the nearby neighbourhoods. 
 
APPLICATION  
 
Students will make a pan-pipe that allows them to control volume and pitch, and will use the instrument to 
play a simple tune for the class. 

Students will make a set of straw panpipes, in groups of 3 or 4. Cut straws according to the following chart: 

LENGTH (cm) PROPORTION MUSICAL NOTES 

19.9 1 Do 

17.7 8/9 Re 

15.9 4/5 Mi 

14.9 ¾ Fa 

13.3 2/3 So 

11.9 3/5 La 

10.6 8/15 Ti 

9.9 ½ Do 

 

They will put the straws into the base of an egg carton, inserting straws through the centre of each cup, and 
write the names of the notes on the carton.  Ask students to play a scale on their panpipe. 

 
CLOSURE  

Ask students to form a circle and share one thing that they learned about music or one thing they liked about 
the lesson. 
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8 . RUBE GOLDBERG MACHINE  
 

GRADE   4 LESSON DESCRIPTION 

Design and build a "Rube Goldberg" type machine (i.e. an overly 
complicated apparatus to accomplish a simple task). 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Communication PREPARATION TIME 30-45 minutes 

ACTIVITY DURATION 90 minutes  
 

STRAND  

Understanding Structures and Mechanisms 

Grade Four 
This task addresses the following expectations:  
 investigate ways in which pulleys and gears modify the speed and direction of, and the force exerted on, moving objects; 
 demonstrate an understanding of the basic principles and functions of pulley systems and gear systems.  
 use scientific inquiry/experimentation skills to investigate changes in force, distance, speed, and direction in pulley and gear systems; 
 use technological problem-solving skills to design, build, and test a pulley or gear system that performs a specific task; 
 use appropriate science and technology vocabulary, including pulley, gear, force, and speed, in oral and written communication; 
 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with different audiences and for a variety of purposes;  
 describe the purposes of pulley systems and gear systems; 
 describe how rotary motion in one system or its components is transferred to another system or component in the same structure; 
 describe how one type of motion can be transformed into another type of motion using pulleys or gears. 
 

TEACHER MATERIALS   STUDENT MATERIALS  

 clock or timer  
 Rube Goldberg cartoons 
 Video of a Rube Goldberg 

machine 

  scissors 
 Found materials (toilet paper 

rolls, egg cartons, cardboard, 
cans etc.) 

 glue 

 Cardboard hinges, springs, gears, 
pulleys, pipe, Popsicle sticks, 
string/rope, dominos, etc. 

 marbles 
 bulldog clips 

 
HOOK  

Make a Rube Goldberg machine, explain the sophisticated design, and demonstrate how it works, or play a 
video of a Rube Goldberg machine. TIP: Limit the hook to 5 minutes. 

 
DEVELOPMENT  

Show cartoons that Rube Goldberg created and explain the concept of the Rube Goldberg machine. Show 
some examples of mechanisms that can be used in the machine, such as swinging, hinges, springs, slides, 
dominos, pulleys, etc. 

Vocabulary: 
 Tension 
 Compression 

 Force 
 Pulley 

 Gears 
 Gravity 

 Friction 
 Efficiency 

 
APPLICATION  

Place students in random groups of 3. They are given the challenge to make the most elaborate machine that 
transports a marble from the top of a chair to the bottom.  The group has 25 minutes to draw the plan and 
produce a list of materials required. The plan must include detailed drawings of each individual step. Each 
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student in a group should plan at least one step. Next, the groups are given 25 minutes to construct their 
machine, with 5 and 1 minute warnings.  

 
CLOSURE  

 
Presentations:  

Each group demonstrates and explains their machine to the class (and possibly to other students in the school 
by either visiting classrooms or at a school assembly). 

 
 

TIPS  
This is a long activity that will fill whatever time is provided, so pay attention to time. Students learn most 
when presenting and reflecting, so be sure to leave adequate time. Recommend schedule is :  
 Hook (5 mins) 
 Development (10 mins) 
 Application: design (25 mins), building (25 mins), presentation (15 mins) 
 Closure (5 mins) 
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9. CHOCOLATE CHIP COOKIE MINE  
 

GRADES   3 to 5 LESSON DESCRIPTION 

Mine the chips out of chocolate chip cookies while destroying as little of 
the cookie as possible. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Application 

PREPARATION TIME 10 minutes 

LESSON DURATION 45 minutes 
 

STRAND STRAND 

Understanding Earth and Space Systems 
This task addresses the following:  
 Analyse the impact on society and the 

environment of extracting and refining 
rocks and minerals for human use, taking 
different perspectives into account. 

 Analyse the immediate and long-term effects of energy and resource use on society and 
the environment, and evaluate options for conserving energy and resources. 

 Analyse the long-term impacts on society and the environment of human uses of energy 
and natural resources, and suggest ways to reduce these impacts. 

CROSS-DISCIPLINE CONNECTION  

Social Studies 
 

MATERIALS STUDENT MATERIALS 

 chocolate chip cookies (2 per student) 
 toothpicks 
 

TOPICS  

TOPICS: 

Discuss human use of the environment.  

Learn about mining and mining engineering 

 
HOOK  

Using a walkabout (see active teaching tools), ask students the following questions: 

 ²ƘŀǘΩǎ ƻƴŜ ǘƘƛƴƎ ȅƻǳ ƪƴƻǿ ŀōƻǳǘ ƳƛƴƛƴƎΚ 

 What materials are collected through mining? 

 What are some environmental impacts of mining? 

 What happens to mines after they are no longer used? 

 
DEVELOPMENT  

Introduce students to mining by explaining why mining is necessary, what materials are obtained through 
mining, and some of the environmental impacts of mining, as well as outlining the work that Mining Engineers 
do. Explain that less material needs to be mined if we recycle materials, which is one way that we can reduce 
the impact on the environment. 
 
Vocabulary: 
 Ore 
 Acid mine drainage 

 Risk management 
 Environmental assessment
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APPLICATION  

 

1. Students are given their first chocolate chip cookie and toothpicks and asked to predict how many chips can 
be extracted from the cookie (representing the environment) using the toothpick as mining equipment.  

2. Give students two minutes to extract as many chocolate chips possible using only a toothpick. Recovered 
ŎƘƛǇǎ ŀǊŜ ŎƻǳƴǘŜŘ ŀƴŘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊŜŘƛŎǘƛƻƴǎΦ {ǘǳŘŜƴǘǎ ŜȄŀƳƛƴŜ ǘƘŜ ŎƻƻƪƛŜ ŀƴŘ ŘŜǎŎǊƛōŜ ǘƘŜ 
impact of "mining" and consider ways of lessening the damage. 

3. Students are given a second cookie to "mine" using methods learned from the first cookie to reduce damage 
of the second cookie. Mined chips are counted and compared to the number extracted from the first cookie.  

It is most likely students will mine fewer chips from the second cookie.  

 
CLOSURE  

!ǎƪ ǎǘǳŘŜƴǘǎ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜƛǊ ƻōǎŜǊǾŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ǘǿƻ ŎƻƻƪƛŜ ƳƛƴƛƴƎ ŜȄŜǊŎƛǎŜǎ ǳǎƛƴƎ ά¢ƘƛƴƪΣ tŀƛǊΣ {ƘŀǊŜέ όǎŜŜ 
active teaching tools). Ask the following questions: 

 How many chocolate chips were you able to extract from the first and second cookies? 

 How did the two cookies look at the end of the exercise? 

 How can we use what you learned to help reduce environmental impact from mining? 

Discuss how mining engineers try to extract as much material as possible from the ground while limiting 
damage to the earth.  

Optional: present images showing some impacts that mining can have on the environment (e.g. acid mine 
drainage) and talk to students about ways to reduce impact via recycling materials, planning, and using other 
risk management techniques.  

 

TIPS  
 
 Use homemade cookies as the store-bought kind are often too hard and crumbly. 
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10 . DESIGN AND BUILD A HOUSE MODEL  

 

GRADES   4-9 LESSON DESCRIPTION 

Divide the class into three groups and provide them with identical 
building materials. Each group will design and build a house model. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Application 
Team-Building Skills 
Communication 
Other: Creativity 

PREPARATION TIME 30 minutes + material acquisition time 

ACTIVITY DURATION 90 minutes 
 

STRAND   STRAND  

Understanding Structures & Mechanisms  Physics 

Grade Four to Eight  Grade 9 Courses 
This task addresses the following: 
 assess the importance of form, 

function, strength, and stability in 
structures through time; 

 investigate strong and stable 
structures to determine how their 
design and materials enable them to 
perform their load-bearing function; 

 demonstrate an understanding of 
the concepts of structure, strength, 
and stability and the factors that 
affect them. 

 identify forces that act on and within 
structures and mechanisms, and 
describe the effects of these forces 
on structures and mechanisms. 

 through experimentation, investigate how various materials and 
construction techniques can be used to add strength to 
structures 

 investigate, through experimentation, the effects of pushing, 
pulling, and other forces affecting stability of simple structures 

 use technological problem-solving skills and knowledge acquired 
from previous investigations, to design and build a strong and 
stable structure that serves a purpose 

 identify properties of materials that need to be considered when 
building structures 

 identify internal forces acting on a structure and describe their 
effects on the structure 

 identify external forces acting on a structure and describe their 
effects on the structure, using diagrams. 

 explain the advantages and disadvantages of different types of 
mechanical systems 

 Science: Grade 9 Academic   
E. Physics: Structures and 

Functions 

Science: Grade 9 Applied   
E. Physics: Structures and 

Functions 

CROSS-DISCIPLINE CONNECTIONS  

Mathematics 
 

MATERIALS STUDENT MATERIALS 

 Foam core 

 Recycled cardboard 

 Glue 

 

 Duct tape 

 

HOOK  

Show this video about a house that was built in 2 hours and 52 minutes, setting a world record: 

https://www.youtube.com/watch?v=I2HqW-AAb20 

 

Tip: Read more about the 2-Hour House here: http://www.2hourhouse.com/about/the-2hour-house.php 

 
DEVELOPMENT  

Ask students: 

 What are some factors that contributed to the success of the 2-hour house? (project planning, design, skilled labour, 
cooperation, communication, etc.) 

 What are important factors to consider when designing a house? (Structural elements, budget, climate, location, 
aesthetics, heating/pluming/electrical, water run-off, etc.) 

 Name some external forces that act on a house? (Wind, snow, earth quakes, soil stability, fire, flooding, termites, etc.) 

 What are internal forces acting on the structure of the house? (Compression, tension, etc.) 

 

Give an introduction to some basic building materials used to construct a house (wood, concrete, brick, vapour barriers, 
gypsum, insulation, etc.). 

 

https://www.youtube.com/watch?v=I2HqW-AAb20
http://www.2hourhouse.com/about/the-2hour-house.php
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Vocabulary: 

 Column 

 Beam 

 Joist 

 Grade (slope) 

 Vapour barrier 

 Gypsum 

 Run-off 

 Snow load 

 Foundation 

 Safety factor 

TIP: Prepare a test model first to figure out what material needs to be purchased. 
 

APPLICATION  
1. Divide students into groups of three or four, and provide the groups with glue and the exact same 
άǎǘǊǳŎǘǳǊŀƭέ ŎƻƳǇƻƴŜƴǘǎ to build the structure of a model house. Give the students some basic design 
criteria, such as lot size, maximum height, the number of occupants, and environmental considerations (for 
grade 9, you can discuss snow load, wind, etc.). 

2. Using knowledge about building components (beams, joists, columns, posts, roof structure, etc.), groups will 
be given 25 minutes to create a design for building their own model of a house. Students will need to figure 
out how they will support their structure, and to identify structural components. 

3. Designs will be ǇǊŜǎŜƴǘŜŘ ƛƴ ǎƳŀƭƭ ƎǊƻǳǇǎ ǘƻ ǘƘŜ 9LwΣ ǿƘƻ ǿƛƭƭ ƎƛǾŜ ǘƘŜƳ ŀ άǇŜǊƳƛǘέ ǘƻ ǎǘŀǊǘ ŎƻƴǎǘǊǳŎǘƛƻƴ. 
4. Students will use team work and problem solving skills to build the house model as per their original (and 

any modified) design. They are given 25 minutes to complete this. 
5. Students in higher grades can calculate conversion factors for loads and apply these to test loads on their 

completed models. 
 
CLOSURE  
Groups will present their house to the class, explaining why they chose the design they did, and how the 
house meets their specifications. 
 
 

TIPS  
 It is a good idea if each group has one or two strong leaders, but instructors and EIR should still observe 

teams to make sure all kids are participating. 

 This is a long activity, so pay attention to time. Students learn most when presenting and reflecting, so be 
sure to leave adequate time. Recommend schedule is:  
 Hook (5 mins) 
 Development (10 mins) 
 Application: instructions (5 mins), design (25 mins), construction (25 mins), 
 Closure: presentations (20 mins) 
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11 . LETôS MAKE CONCRETE  
 

GRADES   4-7, 10, 11 and 12 LESSON DESCRIPTION 

Students learn about the ingredients of concrete as they produce their 
own concrete mix. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking 
Communications 
Application 

PREPARATION TIME Varies 

ACTIVITY DURATION 50 minutes 
 

STRAND  STRAND  STRAND  

Understanding Matter & 
Energy 

Understanding Structures & 
Mechanisms 

Technological Education 

Grade Seven Grade Seven Grade 10-12 Courses 
This task addresses the following grade 
7 expectations:  
 investigate the properties and 

applications of substances and 
mixtures; 

 demonstrate an understanding of the 
properties of pure substances and 
mixtures, and describe these 
characteristics using the particle 
theory. 

 follow established safety procedures 
for handling chemicals and 
apparatus; 

 use scientific 
inquiry/experimentation skills to 
investigate the properties of mixtures 
and solutions; 

 use appropriate science and 
technology vocabulary, including 
mechanical mixture, solution, solute, 
insoluble, saturated, unsaturated, 
and dilute, in oral and written 
communication; 

 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with different audiences and for a variety of purposes; 
 distinguish between solutions and 

mechanical mixtures. 

This task addresses the following grade 7 
expectations: 
 design and construct a variety of 

structures, and investigate the relationship 
between the design and function of these 
structures and the forces that act on them; 

 demonstrate an understanding of the 
relationship between structural forms and 
the forces that act on and within them. 

 follow established safety procedures for 
using tools and handling materials; 

 design, construct, and use physical models 
to investigate the effects of various forces 
on structures; 

 use appropriate science and technology 
vocabulary, including truss, beam, 
ergonomics, shear, and torsion, in oral and 
written communication; 

 use a variety of forms (e.g., oral, written, 
graphic, multimedia) to communicate with 
different audiences and for a variety of 
purposes; 

 identify the magnitude, direction, point of 
application, and plane of application of the 
forces applied to a structure; 

 identify and describe factors that can 
cause a structure to fail. 

Manufacturing Technology, 
Grade 10 Open  
A. Manufacturing Technology Fundamentals  

Manufacturing Technology, 
Grade 11 College  
A. Manufacturing Technology Fundamentals  
B. Manufacturing Technology Skills  

Manufacturing Technology, 
Grade 11 Workplace  
A. Manufacturing Technology Fundamentals  

Manufacturing Technology, 
Grade 12 Workplace  
A. Manufacturing Technology Fundamentals  

Manufacturing Engineering Technology, 
Grade 11 University/College  
B. Manufacturing Technology Fundamentals 

Construction Engineering Technology, 
Grade 11 College  
A. Construction Technology Fundamentals  

Construction Technology, 
Grade 11 Workplace  
A. Construction Technology Fundamentals  

 

MATERIALS 

For each group of students, you will need: 
 70 g Portland Cement 
 Graduated cylinder 
 500 mL Beaker 

 Pill bottles (formwork) 
 Sand (100 g) 

 Pebbles ranging in size from 1mm to 5 mm (220 g) 
 Popsicle stick or spatula  
 Water 
 Scale 

 

HOOK  
 
Show a photo of a concrete-mixing truck, and ask the students what it is. Explain that although we use the 
name “cement truck,” this is technically a “concrete truck.” Explain the difference between cement and 
concrete.  
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If I want to fill a box with marbles and have as much space occupied by the marbles as possible (e.g. as little 
empty space as possible), would it be better to use large marbles, small marbles, or a combination of the 
large/small marbles? Ask students to vote. 
 
Answer: combination of large and small because the small marbles fit between the spaces of the large ones, 
occupying more space overall than just the small or large marbles alone. This is key when designing an 
"aggregate" for concrete. Aggregate is the gravel that is mixed with cement to make concrete. 

 

DEVELOPMENT  
 
Vocabulary: 
 aggregate 
 concrete 

 cement 
 closest packing 

 hydration 
 tamping 

 
What is concrete? A mixture of aggregate (rocks) and cement (binding material) 
 
Why don't we just use cement? Because it's expensive. 
 
Concrete is simply a mixture of aggregate (in this case, sand), water, and cement. The chemical reaction 
between water and cement is called hydration. It produces binding material that hardens over time. Aggregate 
forms the skeleton of the concrete. Because aggregate is cheaper than cement, it is less expensive to use the 
maximum amount of aggregate possible; however, increasing the ratio of aggregate to cement paste results in 
a lower strength concrete. 
 
Another important factor when making concrete is the amount of the water used. After the cement paste 
hardens, any remaining water not consumed by hydration will stay in the matrix to form pores of different sizes. 
These pores reduce the strength of the concrete. However, enough water must be used to make the concrete 
flow so it is workable and can be easily placed in the formwork, as well as to create the hydration reaction. The 
optimum amount of water is based on the required workability and strength of the cement. 

 

APPLICATION  

Preparation: EIR will need to weigh and bring enough material (cement and sand) to the class. 

This activity is expected to give students a sense of the mixture proportions for concrete and the challenge of 
finding an optimum volume of water to make "good" concrete. 

Procedure:  

Divide students into groups of three or four and provide them with their materials. Give students the following 

instructions: 

 Using a Popsicle stick, dry-mix sand with cement in a beaker for about one minute.  

 Continue mixing while gradually adding water from the graduated cylinder into the cement and aggregate 

mixture. Stop adding water when you judge the workability of the concrete is enough to properly cast it in a 

film canister. Record the amount of water used. 

 Continue mixing for another two minutes. 

 In three layers, place the concrete (known as mortar when the aggregates are small) in a film canister.  

o Consolidate each layer by tamping until the layer surface is uniform. This process also helps remove 

air bubbles in the mix.  

o Flatten the final surface of the mortar and cover the surface of the mortar with a plastic sheet to avoid 

water evaporation.  

 

After 24 hours, use a sharp knife to carefully remove the hardened concrete from the film canister. Submerge 

the concrete samples under water for the appropriate amount of time before testing their strength. Ideally, this 
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is 28 days after the time of mixing, but allowing different samples to rest for different amounts of time will show 

how hydration development leads to increased concrete strength (i.e. 3, 7, and 28 days after mixing). 

Test the samples for compressive strength in order to evaluate the strength of the concrete. This is done in a 
material-testing lab where a hydraulic jack applies a vertical load on the parallel surfaces of the concrete 
cylinders. The load that cracks the concrete sample is divided by the cross-section area of the cylinder, and the 
resulting value is the concrete’s strength. Strength of concrete can be correlated with its starting water to 
cement weight ratio.  

For younger kids, the testing does not need to be so precise. Test samples sooner – for example, do a failure 
test after 48 hours using a hammer, or wait 7 days and make a big impression by using a car! 

 

CLOSURE  

Ask students to write down one thing they learned about concrete, one thing that they liked about the lesson, 
and one thing they still have a question about. Collect the papers and read them for feedback. 

 

TIPS  
 

 To prevent dry skin from cement particles have students wash hands if contaminated. 
 For younger kids, use safety glasses and gloves. 
 Concrete should be cleaned from lab facility before it hardens. 
 Try other aggregates, e.g. gravel or crushed stone. For larger aggregates, a bigger formwork is necessary. In 

this case, the formwork should be removed as soon as concrete achieves minimum strength (after few 
hours) or it will stick to the concrete. 

 Buy a cone and prepare a sample of the concrete for a slump test before students prepare their own 
concrete samples. 

 Turn it into an art project! Prepare a mold for a flower pot, for example, which students can then decorate 
and bring home. Or ask students to come up with ideas for what they can make out of concrete (art 
projects, something for the school, etc.). 
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13 . HOW TO LIFT AN ENGINEER  
 

GRADES   4 and 8 LESSON DESCRIPTION 

Lesson and demonstration of mechanical advantage. ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Communication 
Applications 

PREPARATION TIME 40 minutes 

LESSON DURATION 60 minutes 
 

STRAND STRAND 

Understanding Structures and Mechanisms 

Grade Four Grade Eight 
This task addresses the following grade 4 expectations:  
 investigate ways in which pulleys and gears modify the speed, 

direction of, and the force exerted on moving objects; 
 demonstrate an understanding of the basic principles and 

functions of pulley systems and gear systems. 
 follow established safety procedures for working with 

machinery; 
 use scientific inquiry/experimentation skills to investigate 

changes in force, distance, speed, and direction in pulley and 
gear systems; 

 use technological problem-solving skills to design, build, and 
test a pulley or gear system that performs a specific task; 

 use appropriate science and technology vocabulary, including 
pulley, gear, force, and speed, in oral and written 
communication; 

 use a variety of forms (e.g., oral, written, graphic, multimedia) 
to communicate with different audiences and for a variety of 
purposes; 

 describe the purposes of pulley systems and gear systems;  
 distinguish between pulley systems and gear systems that 

increase force and those that increase speed; 
 identify pulley systems and gear systems that are used in daily 

life, and explain the purpose and basic operation of each. 

This task addresses the following grade 8 expectations:  
 investigate a working system and the ways in which components of 

the system contribute to its desired function; 
 demonstrate an understanding of different types of systems and 

the factors that contribute to their safe and efficient operation. 
 follow established safety procedures for working with apparatus, 

tools, materials and electrical systems; 
 use scientific inquiry/experimentation skills to investigate 

mechanical advantage in a variety of mechanisms and simple 
machines; 

 use technological problem-solving skills to investigate a system that 
performs a function or meets a need; 

 use appropriate science and technology vocabulary, including 
mechanical advantage, input, output, friction, gravity, forces, and 
efficiency, in oral and written communication; 

 use a variety of forms (e.g., oral, written, graphic, multimedia) to 
communicate with different audiences and for a variety of 
purposes; 

 identify the purpose, inputs, and outputs of various systems;  
 identify the various processes and components of a system that 

allow it to perform its function efficiently and safely; 
 calculate the mechanical advantage (MA=force needed without a 

simple machine divided by force needed with a simple machine) of 
various mechanical systems. 

 

TEACHER/EIR  MATERIALS   

 Hard hat 
 Harness 

  Thick rope  
 Block and tackle pulley systems 

 

HOOK  
 

Ask students to balance two apples of different weights on opposite ends of a ruler (law of the lever 
demonstration). ¢ƘŜ ǊǳƭŜǊ Ŏŀƴ ōŜ ōŀƭŀƴŎŜŘ ƻƴ ƻƴŜ ǎǘǳŘŜƴǘΩǎ ŦƛƴƎŜǊΦ  Discuss the idea of mechanical advantage.  

 
DEVELOPMENT  
 

Discuss the idea that work (force x distance) must remain the same.  
Illustrate the idea by comparing the amount of work needed to buy a case of pop in the following scenario. 
Ask the class: If I loaded four cases of pop into my car would it be the same amount of work as loading one 
case (lifted over my head) into my Monster Truck? 
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Vocabulary: 

 Force 

 Work 

 Pulley 

 Block and Tackle 

 Lever arm 

 Cantilever 

 Mechanical 
advantage 

 
APPLICATION  
 

Preparation:  Find an overhead structural member in or around the school strong enough to support the weight of the EIR. A 
strong and stable A-frame  ladder can be used if no appropriate overhead structures exist. 

 Construct two pulley systems. 

 
After discussion, go to staging area (usually the gym) where two block and tackles are set-up. One should be a 
single sheave and the other should be a four sheave block and tackle (see the diagram below).  
 
Put on the hard-hat and harness while students see how many of them it takes to lift you off the floor using 
each system. After the experiment compare and discuss the observed results of both block and tackle systems.  

 

 
 
CLOSURE  
Ask students to suggest some ways that pulleys can be used in everyday life. 

 

TIPS  
 

 Carefully design this activity to ensure the safety of children and instructors.  
 Tell the students that they cannot wrap the ropes around their hands. 
 A miniature version of this experiment could be set up lifting an egg or another object. 
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14. HUMAN HEART IS A PUMP   
 

GRADE   5 LESSON DESCRIPTION 

An activity to understand the function of the human heart. ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Application 
Communication 

PREPARATION TIME 45 minutes 

ACTIVITY DURATION 70 minutes 

 

STRAND STRAND 

Understanding Life Systems 

Grade Five  
This task addresses the following 
expectations:  
 investigate the structure and function 

of the major organs of various human 
body systems; 

 demonstrate an understanding of the 
structure and function of human body 
systems and interactions within and 
between systems. 

 use appropriate science and technology vocabulary, including circulation, respiration, 
digestion, organs, and nutrients, in oral and written communication; 

 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with 
different audiences and for a variety of purposes;  

 identify major systems in the human body and describe their roles and interrelationships; 
 describe the basic structure and function of major organs in the respiratory, circulatory, and 

digestive systems. 
 design and build a model to demonstrate how organs or components of body systems in the 

human body work and interact with other components;  

 

MATERIALS STUDENT MATERIALS 

 Model of Human Heart (optional)  
 Video on how human heart functions 
 One Rubber stopper (with hole) to fit 

top of flask 

 Flask with spigot at bottom (can use milk 
carton with modified spigot at bottom)  

 One meter of flexible hose to fit snugly 
on the spigot  

 Clamp to pinch hose 
 50mm check valve 
 Bucket to drain 

water into 
 

HOOK  
Ask students to walk around the class while you play music. When the music stops, they must turn to another 
student and answer a question: 
 What does your heart do? 
 Why do we need blood circulated through the body? 
 What does blood do? 
 Why does the heart separate oxygenated and deoxygenated blood? 

 
DEVELOPMENT  

If you have a model of the human heart available, this provides a good visual of the 4 sections of the heart and 
the internal valves. Otherwise, a good video will explain how blood flow travels in only one direction. 

The health of the heart is dependent on the air, food and beverages we take in (including cigarette smoke). 
Talk about air pollution and how engineered systems (such as HVAC) or simple dust masks prevent particulate 
matter from entering lungs.  

Engineering tie-in: talk about biomedical engineering including synthetic heart valves, both mechanical and 
tissue engineering. 

 

Vocabulary: 
 Valves 
 Ventricle 
 Artery 

 Vein 
 Capillaries 
 Blood cells 

 Blood clot 
 Oxygenation 
 Circulation 
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APPLICATION  

Assign a student to be timekeeper. Set up a flask with a tube and mark the side of the flask half way with 
masking tape. Use a clamp to pinch the hose about 5 cm downstream of the spigot. Fill flask with clean water 
until the bottom of masking tape. Add food colouring.  Notice the colour does not penetrate beyond the 
spigot. A closer look will reveal air trapped between the spigot and the clamp. Have a timekeeper determine 
the amount of time required to drain the water into a bucket.   
For more advanced grades, you could explain the equation: Flow = Area x Velocity 
Repeat the draw down but place a stopper in the top ς drainage time should be the same. Repeat a third time, 
but while the water is draining, place a finger over the ǎǘƻǇǇŜǊΩǎ ƘƻƭŜΦ ²ater will stop draining from the flask. 
The stoppage resembles an artery blood clot. Keeping in mind that water is heavier than air, ask the students 
why the lack of airflow prevented water from draining out the bottom. Ask students what they would expect if 
the flask were a plastic bag.   

Repeat drawdown test (with or without stopper) while holding the hose outlet higher than thŜ ŦƭŀǎƪΩǎ ǿŀǘŜǊ 
level. The water goes to equilibrium much like blood does while people sleep. For older students, explain 
Bernoulli's equation.  Ask students why a doctor asks their patients to lie down for 5 minutes before taking 
their blood pressure. 

 
CLOSURE  

Ask students: 

 Why is it important to keep a healthy heart? 

 What are some ways that you can keep your heart healthy? 

 What are some ways that engineers help people with heart conditions? (Give some examples) 

 

TIPS  
 
 To obtain a model of the human heart contact your local College, Heart and Stroke Foundation or Red 

Cross offices. 
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15. CHEMISTRY OF AIRBAGS  
 

GRADE   5 LESSON DESCRIPTION 

Students learn about the chemical reactions that trigger the release of an 
airbag. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Application 
Communication 
Team-Building Skills 

PREPARATION TIME 20 minutes 

ACTIVITY DURATION 60 minutes 

 

STRAND STRAND 

Understanding Matter and Energy 

Grade Five  
This lesson will addresses 
the following expectations:  
 evaluate the social and 

environmental impacts of 
processes used to make 
everyday products; 

 conduct investigations 
that explore the 
properties of matter and 
changes in matter; 

 demonstrate an 
understanding of the 
properties of matter, 
changes of state, and 
physical and chemical 
change. 

 evaluate the environmental impacts of processes that change one product into another product through 
physical or chemical changes; 

 assess the social and environmental impact of using processes that rely on chemical changes to produce 
consumer products, taking different perspectives into account; 

 follow established safety procedures for working with heating appliances and hot materials; 
 use scientific inquiry/experimentation skills to investigate changes of state and changes in matter; 
 use scientific inquiry/experimentation skills to determine how the physical properties of materials make 

them useful for particular tasks; 
 use appropriate science and technology vocabulary, including mass, volume, properties, matter, 

physical/reversible changes, and chemical/irreversible changes, in oral and written communication; 
 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with different audiences and 

for a variety of purposes; 
 identify properties of solids, liquids, and gases; 
 describe chemical changes in matter as changes that are irreversible; 
 explain how changes of state involve the release of heat or the absorption of heat;  
 identify indicators of a chemical change. 

 

MATERIALS STUDENT MATERIALS 

 Paper towels  
 Margarine containers  
 Baking soda 

 Eggs  
 Vinegar  
 Markers 

 Read this description of how airbags work 
 Metre sticks (one per group) 
 Very small Ziploc bags  

 

HOOK  

Questions: 
¶ How many people have ever been in a car accident before? 
¶ Iƻǿ Ƴŀƴȅ ǇŜƻǇƭŜ ǿŜŀǊ ǎŜŀǘōŜƭǘǎ ǿƘŜƴ ǘƘŜȅΩǊŜ ƛƴ ǘƘŜ ŎŀǊΚ ²Ƙȅ ŀǊŜ ǎŜŀǘōŜƭǘǎ necessary? 
¶ Who can tell me what an airbag does? 
¶ Do you know anyone whose life was saved by a seatbelt or airbag? 
¶ How many people know that the bag actually inflates because of a chemical reaction? 

 
DEVELOPMENT  

Discuss car restraint systems (i.e. seat belts and airbags), and the benefits of each. Explain that airbags are not 
meant to replacŜ ǎŜŀǘōŜƭǘǎΣ ōǳǘ ŀŘŘ ŜȄǘǊŀ ǇǊƻǘŜŎǘƛƻƴ ƛŦ ȅƻǳΩǊŜ ƛƴ ŀ ŎƻƭƭƛǎƛƻƴΦ 
9ȄǇƭŀƛƴ ǘƘŀǘ ŜƴƎƛƴŜŜǊǎ ǳǎŜŘ ǘŜŎƘƴƻƭƻƎȅ όŀ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴύ ǘƻ ǎŀǾŜ ƭƛǾŜǎ ōȅ ŘŜǎƛƎƴƛƴƎ ŀƴŘ ǘŜǎǘƛƴƎ ŀƛǊōŀƎǎΦ LǘΩǎ 
the role of the engineer to figure out how this technology can be implemented to help people. Show students 
the following video (but tell students not to worry too much about the details of the chemical reaction): 
https://www.youtube.com/watch?v=IjsaQwU7BA4 
 
New innovations in airbag technology, created by engineersτ a video about pedestrian airbags. This is a new 
use of airbags: https://www.youtube.com/watch?v=qw8yJjmAU34 

 
 

http://auto.howstuffworks.com/car-driving-safety/safety-regulatory-devices/airbag1.htm
https://www.youtube.com/watch?v=IjsaQwU7BA4
https://www.youtube.com/watch?v=qw8yJjmAU34
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APPLICATION  

Divide students into groups of 3 or 4.  Provide each group with an empty Margarine container (with lid), Ziploc 
bag, some vinegar, baking soda, metre stick and an egg.   

Instruct teams on how much vinegar and baking soda is to be placed in the Ziploc bag.  This combination will 
fill the bag with carbon dioxide gas. Assign different amounts to each group so students can see how the 
various amounts fill the bags. Be aware that bags often leak. If it leaks, provide them with another bag. 

Give each group an egg. Have each group personalize their egg by drawing a face on it. This egg is their "crash 
test dummy."  

Groups place their Ziploc at the bottom of a Margarine container with the egg sitting on top. Seal the 
container with the lid. Students will drop the container from increasing heights until their "crash test dummy" 
breaks. Instruct students to record the height their egg breaks and allow them to compare the different values 
between groups. If time and materials allow, let students retest.  

It is VERY IMPORTANT students wash hands after handling raw eggs.  

 
CLOSURE  

Conclude the activity with a discussion period asking:  
1. Why would baking soda and vinegar not be used in real airbags?  
2. Why did the mixture get cold when both components began at room temperature?  
3. Why is there a little liquid left in the bottom of the bag? 
4. What other uses could airbag technology be applied to? 
5. What is the role of engineers in airbag safety? 
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16. D RY ICE CREAM  
 

GRADE   5 LESSON DESCRIPTION 

Learn how to make ice cream using dry ice. ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Application PREPARATION TIME Varies  

ACTIVITY DURATION 60 minutes 
 

STRAND STRAND 

Understanding Matter and Energy 

Grade Five  
This task addresses the following 
expectations:  
 conduct investigations that explore 

the properties of matter and changes 
in matter; 

 demonstrate an understanding of the 
properties of matter, changes of 
state, and physical and chemical 
change. 

 use scientific inquiry/experimentation skills to investigate changes of state and changes in 
matter;+ 

 use scientific inquiry/experimentation skills to determine how the physical properties of 
materials make them useful for particular tasks; 

 identify properties of solids, liquids, and gases and state examples of each; 
 explain changes of state in matter; 
 describe physical changes in matter as changes that are reversible; 
 describe chemical changes in matter as changes that are irreversible; 
 distinguish between a physical change and a chemical change. 

 

MATERIALS  

Ice Cream Ingredients:  
 Two eggs  
 Dash of salt  
 Two teaspoons of vanilla 

 
 Two cups heavy cream  
 Two cups half-and-half cream  
 Sugar (3/4 quarters of a cup) 
 

 Dry ice pellets 
 Gloves  
 Safety Goggles  
 Cooler 

 

HOOK  

Place a regular ice cube on one plate and a similar size piece of dry ice on a second plate. Keep both plates out 
of the reach of the students, and place them in a warm area of the classroom (e.g. near the radiator or in the 
sun). "Let's try to guess what is going to happen to the ice cube and the piece of dry ice if we leave it on the 
plate for 15 minutes." The students are likely to tell you that both pieces of ice will melt, turning into a puddle 
of water.  
 
DEVELOPMENT  

Ask: 
 What are the states of matter? 
 Why are certain materials gases at room temperature, while others are solid?  
 Under what conditions would a solid become gas, without becoming a liquid first? What is the name of 

this process? (Sublimation) 

 What is dry ice made from? 
 What state is carbon-dioxide at room temperature? 

 
Look at the ice cube and dry ice piece again, hopefully the ice cube has started to melt and the dry ice has 
begun sublimating. Ask the students to share their observations. 
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APPLICATION  

Note: Students can help mix ice cream ingredients, but should not handle the dry ice. 

1. Mix all the ice cream ingredients in a large mixing bowl. 

2. Add dry ice flakes slowly, a bit at a time. Keep stirring. 

оΦ ²ƘŜƴ ǘƘŜ ƳƛȄǘǳǊŜ ǊŜŀŎƘŜǎ ŀ ƎƻƻŘ ƛŎŜ ŎǊŜŀƳ ǘŜȄǘǳǊŜΣ ƛǘΩǎ ǊŜŀŘȅ ǘƻ ŜŀǘΗ aŀƪŜ ǎǳǊŜ ǘƘŜǊŜ ŀǊŜ ƴƻ ǊŜƳŀƛƴƛƴƎ 
lumps of dry ice. 

 

CAUTION 

Safety goggles and gloves should be used at all time as dry ice is very cold (-78 C). 

Dry ice should not be placed in an air-tight container as the build up of CO2 could lead to explosive pressures. 

Make sure students are a few feet back so they do not directly inhale the dry ice vapour. 

 
CLOSURE  
 

Ask students to tell their neighbour one thing that they learned about carbon dioxide, and one thing that they 
learned about the states of matter.  

 

TIPS  
 

 You can collect dry ice by spraying a CO2 fire extinguisher into a clean pillowcase for about ten seconds (it 
will be in a finely powdered form). 

 You can also order dry ice from Praxair for relatively cheap (minimum order 5kg), or through some 
universities. 

 



- 43 – 
Engineer-in-Residence Program Guide 

17 . TOWER GEOMETRY  
 

GRADES   5, 7, 9 and 10 LESSON DESCRIPTION 

This activity is designed to show students the value of triangles in 
physical structures and how time, cost, planning, modelling, design, 
teamwork and applications are all important in construction 
projects. The goal is to build the tallest structure that will support a 
tennis ball. 

ASSESSMENT CATEGORIES 

Application 
Thinking and Investigation  
Communication 

PREPARATION TIME 20 minutes 

ACTIVITY DURATION 60 minutes 
 

STRAND   STRAND  

Understanding Structures and Mechanisms  Technological Education 

Grade Five Grade Seven  Grade 9-10 Courses 
This task addresses the following grade 5 
overall expectations:  
 investigate forces that act on structures 

and mechanisms; 
 identify forces that act on and within 

structures and mechanisms, and describe 
the effects of these forces on structures 
and mechanisms. 

and the following grade 5 specific 
expectations: 
 follow established safety procedures for 

working with tools and materials; 
 use scientific inquiry/research to 

investigate how structures are built to 
withstand forces; 

 use technological problem-solving skills 
to design, build, and test a frame 
structure that will withstand the 
application of an external force or a 
mechanical system that performs a 
specific function;  

 use appropriate science and technology 
vocabulary, including tension, 
compression, torque, system, and load, 
in oral and written communication; 

 use a variety of forms (e.g., oral, written, 
graphic, multimedia) to communicate 
with different audiences and for a variety 
of purposes; 

 identify internal forces acting on a 
structure, and describe their effects on 
the structure; 

 identify external forces acting on a 
structure and describe their effects on 
the structure, using diagrams. 

This task addresses the following grade 7 overall 
expectations: 
 design and construct a variety of structures, and 

investigate the relationship between the design 
and function of these structures and the forces 
that act on them; 

 demonstrate an understanding of the 
relationship between structural forms and the 
forces that act on and within them. 

and the following grade 7 specific expectations: 
 follow established safety procedures for using 

tools and handling materials;  
 design, construct, and use physical models to 

investigate the effects of various forces on 
structures; 

 investigate the factors that determine the 
ability of a structure to support a load; 

 use technological problem-solving skills to 
determine the most efficient way for a structure 
to support a given load; 

 use appropriate science and technology 
vocabulary, including truss, beam, ergonomics, 
shear, and torsion), in oral and written 
communication; 

 use a variety of forms (e.g., oral, written, 
graphic, multimedia) to communicate with 
different audiences and for a variety of 
purposes; 

 describe ways in which the centre of gravity of a 
structure affects the structure's stability; 

 identify the magnitude, direction, point of 
application, and plane of application of the 
forces applied to a structure; 

 distinguish between external forces and 
internal forces (tension, compression, shear, 
and torsion) acting on a structure; 

 identify and describe factors that can cause a 
structure to fail. 

 Exploring Technologies, 
Grade 9 Open   

 B. Technological Skills 
 
Construction Technology,  
Grade 10 Open  

 B. Design, Layout and 
Planning Skills 

 
 
 
See supplementary document 
Ontario Curriculum Alignment 
for Engineer-in-Residence 
Secondary Classroom 
Activities: Science and 
Technological Education for 
relevant overall and specific 
expectations. 

 

TEACHER MATERIALS   STUDENT MATERIALS  

 meter stick or measuring 
tape  

 clock or timer  
 tennis balls  

  30 plastic drinking straws  
 1 box of small paper clips  
 1 box of straight pins  
 1 roll of masking tape 
 scissors  
 1 tape measure or meter stick  
 1 pen or pencil  

 1 cost work sheet per group 
 1 calculator (optional) 
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HOOK  

Show this video of a water tower collapse: https://www.youtube.com/watch?v=VkHdCwdkHL4 and explain 
that this is what we are trying to avoid happening in this activity. 

 
DEVELOPMENT  

Demonstration: 

The instructor should demonstrate basic construction technique including how to fasten straws together with 
bent paper clips. Then proceed with the following demonstrations:  

1. Make a square and show it is not very stable.  
2. Make a triangle and show it is very strong.  
3. Take the square and diagonally tape a straw from one corner to its opposite corner. Show students 

how there are now two triangles, and explain how the square is now much stronger than before.  
4. Stress the need for a good foundation.  

 
APPLICATION  
 
Activity: 

Divide students into groups of three or four and distribute materials.  

Instruct groups to build a tower with some kind of tennis ball holder. The holder cannot be taped onto the 
tower and must support a tennis ball for at least 30 seconds.  

Each group should designate an accountant as groups must record all construction costs.  

 straws $10 each 
 paper clips $2 each 
 straight pins $10 each  

 tape $2/cm 

Allow 5 few minutes for students to brainstorm before starting the timer. All work must stop after 25 minutes. 
 
Measuring the Tower: 

The tower must stand by itself for at least thirty seconds while holding the tennis ball. After 30 seconds it may 
be held while it is measured. If the ball falls off the holder it is as if the tower has toppled. The tower is 
measured straight up from the floor. The ball need not be on top of the tower, but the measurement is taken 
from the location of the ball. In the event of a tie costs are compared and the smallest cost/height ratio wins.  

 
CLOSURE  
Ask: 
 Why do you think triangles the strongest configuration for building a tower? 
 Why was the winning tower most successful? (e.g. low cost, the tallest, most stable, other design 

features) 
 ¦ƴŘŜǊ ǿƘŀǘ ŎƻƴŘƛǘƛƻƴǎ Řƻ ȅƻǳ ǘƘƛƴƪ ƛǘΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŀ ǘƻǿŜǊ ǘo be stable? (high winds, 

earthquake, etc.) 
 If you repeated the exercise again, how would you do it differently? 

 
 

 
 

 

https://www.youtube.com/watch?v=VkHdCwdkHL4
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18 . BUILD YOUR OWN FLASHLIGHT  
 

GRADE   6 LESSON DESCRIPTION 

Demonstrate a simple electrical circuit using a battery and flashlight 
bulb. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Communication 

PREPARATION TIME 30 minutes 

ACTIVITY DURATION 60 minutes 
 

STRAND STRAND 

Understanding Matter and Energy 

Grade Six  

This task addresses the following expectations:  
 investigate the characteristics of static and 

current electricity, and construct simple circuits; 
 demonstrate an understanding of the principles 

of electrical energy and its transformation into 
and from other forms of energy. 

 follow established safety procedures for working 
with electricity; design and build series and 
parallel circuits, draw labeled diagrams 
identifying the components used in each, and 
describe the role of each component in the 
circuit; 

 

 use technological problem-solving skills to design, build, and test a device that 
transforms electrical energy into another form of energy in order to perform a 
function; 

 use appropriate science and technology vocabulary, including current, battery, 
circuit, transform, static, electrostatic, and energy, in oral and written 
communication; 

 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate 
with different audiences and for a variety of purposes; 

 identify ways in which electrical energy is transformed into other forms of energy; 
 explain the functions of the components of a simple electrical circuit;  
 describe series circuits (components connected in a daisy chain) and parallel 

circuits (components connected side by side like the rungs of a ladder), and 
identify where each is used. 

 

MATERIALS STUDENT MATERIALS 

 18 American Wire 
Gage (or bigger)  

 D-cell Battery 

 1 Flashlight bulb (1-3 volts)  
 1/2" x 11" piece of cardboard  

 6" - 8" wire (stripped 
at both ends) 

 8 inch electrical wire 
 6 brass paper clips  

 

HOOK  

Show students this video on surviving a zombie apocalypse by making your own flashlight: 
https://www.youtube.com/watch?v=Noopw-xQvMs 
 
DEVELOPMENT  

Explain that students will build a simple electrical circuitτa flashlight in this case. 

A simple circuit has three parts:  

1. A source of electrical energy (battery)  

2. A path for the electricity to be conducted (wire or paper clip)  

3. An electrical resistor-- this can be any device that uses the electricity (light bulb). Other examples of 
resistors are motors, heating elements, speakers, etc. 

 

To build a circuit, electricity must travel from one end of the power source and return to the opposite end in a 
closed, unbroken loop. When using a battery, the electricity leaves the negative (-) end and returns to the 
positive (+) end. Similarly, a wall outlet has a positive end and a negative end τ the two holes which the 
prongs plug into. 

 
 
 

https://www.youtube.com/watch?v=Noopw-xQvMs
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APPLICATION  
Preparation:  

 Cut 8" piece wire for each flashlight 

 Strip 1/2" of insulation from one end of the wire and twist strands together 

 Strip 1" of insulation from the other end 

 Divide 1-ƛƴŎƘ ŜƴŘ ƻŦ ǎǘǊŀƴŘŜŘ ǿƛǊŜ ƛƴǘƻ н ǎŜŎǘƛƻƴǎ ŀƴŘ ǘǿƛǎǘ ŜŀŎƘ ǎŜŎǘƛƻƴΩǎ ǿƛǊŜ ǎǘǊŀƴŘǎ ǘƻƎŜǘƘŜǊ ς use this end to 
hold flashlight bulb 

 
Students will make their own flashlight using a D-cell battery, some wire and a bulb. 
 
Step 1: Have students wrap a split-ended piece of wire on either side of a flashlight bulb and twist the two 
ends together to maintain a reliable connection with the bulb.  Carefully wrap in tape, leaving the bottom of 
the bulb exposed for circuit testing. 
Step 2Υ ¢ŀǇŜ ǘƘŜ ǿƛǊŜΩǎ ƻǘƘŜǊ ŜƴŘ ǘƻ the bottom of the battery (the flat/negative end). Then bend wire around 
the side of battery and wrap one piece of electrical tape around the battery and wire.  
Step 3: Touch the bottom of the bulb to positive end of battery and see it light up.   

 
CLOSURE  
 

Give students a post-it note or small piece of paper and ask them to write one thing they learned and one 
question that they have about the activity. Collect their anonymous responses. 

 

TIPS  
 

 It is expensive to purchase bulbs from a hardware store. Consider buying several packages of cheap 
flashlights from a dollar store and allow students to keep the flashlights after the activity.  

 Bring extra batteries in case students forget to bring their own or one dies. 
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19 . T HE CIRCUIT QUIZ GAME  
 

GRADE   6 LESSON DESCRIPTION 

Build and play The Circuit Quiz Game. ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Communication 

PREPARATION TIME Varies 

DURATION  90 minutes 
 

STRAND STRAND 

Understanding Matter and Energy 

Grade Six  
This task addresses the 
following expectations:  
 investigate the 

characteristics of static and 
current electricity, and 
construct simple circuits; 

 demonstrate an 
understanding of the 
principles of electrical 
energy and its 
transformation into and 
from other forms of energy. 

 follow established safety procedures for working with electricity;  
 design and build series and parallel circuits, draw labelled diagrams identifying the components used in 

each, and describe the role of each component in the circuit; 
 use technological problem-solving skills to design, build, and test a device that transforms electrical 

energy into another form of energy in order to perform a function; 
 use appropriate science and technology vocabulary, including current, battery, circuit, transform, static, 

electrostatic, and energy, in oral and written communication; 
 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with different audiences 

and for a variety of purposes; 
 explain the functions of the components of a simple electrical circuit; 
 Describe series circuits (components connected in a daisy chain) and parallel circuits (components 

connected side by side like the rungs of a ladder), and identify where each is used. 

 

MATERIALS 

 LED's/resistors (green, red) 
 Electrical components/Batteries  
 Electrical tape 

 wires (alligator clips, wire wrap, tinfoil) 
 contact points (thumbtacks/paperclips/other) 
 Board/cardboard/stiff backboard material 

 

HOOK  

Show your students one of the following videos about simple circuits: 
https://www.youtube.com/watch?v=BwKQ9Idq9FM 
or 
https://www.youtube.com/watch?v=MpAvCYFR_zM 
 
DEVELOPMENT  

Bring an example circuit that you made, and show students how it works, and how to build each component. 

A simple circuit has three parts:  

1. A source of electrical energy (battery)  

2. A path for the electricity to be conducted (wire or paper clip)  

3. An electrical resistor-- this can be any device that uses the electricity (LED bulbs). Other examples of 
resistors are motors, heating elements, speakers, etc.  

To build a circuit, electricity must travel from one end of the power source and return to the opposite end in a 
closed, unbroken loop/circle. When using a battery, the electricity leaves the negative (-) end and returns to 
the positive (+) end. Similarly, a wall outlet has a positive end and a negative end τ the two holes which the 
prongs plug into. 

 
 
 
 

https://www.youtube.com/watch?v=BwKQ9Idq9FM
https://www.youtube.com/watch?v=MpAvCYFR_zM
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APPLICATION  
 
In teams of 2 or 3, students will design and build a circuit board quiz game on any topic relating to something 
they are currently studying in tƘŜ ŎƭŀǎǎǊƻƻƳ όƛǘΩǎ Ŧǳƴ ǘƻ ǊŜƭŀǘŜ ǉǳŜǎǘƛƻƴǎ ǘƻ 9ƭŜŎǘǊƛŎƛǘȅΣ ōǳǘ ǘƘŜȅ ŎƻǳƭŘ ŀƭǎƻ 
relate to History, Math, Art, etc.). The questions can be true/false, multiple-choice, or matching.  
 
TIPS:  
 Students should come prepared with a set of 5 true or false questions per group 
 Have students pre-design their circuit boards and have them approved by the teacher or EIR 
 Give the students 45 minutes to prepare their circuitsτbe mindful to save enough time to test the 

circuits and discuss the activity 
 
 
Instructions on creating the circuit board quiz: 

1. Write questions and all answers on the cardboard (layout will depend on the question type used). Punch a 
hole beside each question/answer and another hole up at the top (for the light bulb). 

2.  Turn over the cardboard. Lay a narrow strip of tinfoil (folded into more than one layer) between the two 
holes that connect a question with the right answer; poke the ends of the tinfoil strip through the holes. 
Carefully tape along the whole length of tinfoil ς make sure that no tinfoil is showing or the game will not 
work. You can also use copper wire with the ends stripped for this purpose. 

оΦ CƭƛǇ ƻǾŜǊ ŎŀǊŘōƻŀǊŘ ŀƎŀƛƴ ŀƴŘ ŎƻƴƴŜŎǘ ǘƘŜ ǘƘǳƳōǘŀŎƪǎ όƻǊ ƻǘƘŜǊ ΨŎƻƴǘŀŎǘ ǇƻƛƴǘΩύ ǘƻ ǘƘŜ ōƛǘ ƻŦ ǘƛƴŦƻƛƭκǿƛǊŜ 
sticking through the hole.  

4. Strip the ends of three more pieces of wire. Attach one end of the first wire to a paperclip or alligator clip, 
and the other end to the positive end of the battery. Take wire #2 and attach one end to the negative end of 
the battery, and the other to one side of the bulb socket. Finally, take wire #3 and attach one end to the other 
side of the bulb socket, and the other end to a second paperclip or alligator clip.  

5. Put your light bulb through the hole at the top of the cardboard and secure with tape. 

Your game is ready to play! Touch one paperclip/alligator clip to the question, and another to the answer you 
think is right. If your answer is correct, the light bulb will light up. 

Alternatively, students can create circuits using red and green light bulbs to indicate correct/incorrect 
answers. Use the following circuit diagram for reference.  
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CLOSURE  

Ask students to write down one thing they learned, what they enjoyed most about the lesson, and one 
question that they still have. Collect their responses and read them for feedback. You may chose to answer 
some of the questions the next time you return. 

 

TIPS  
 
 Build an sample game to demonstrate how it works 
 Have students test their boards on their classmates 
 Explain the concepts in advance and re-iterate the concepts often  
 Work individually with each student or group  
 Ask the teacher to have ǘƘŜ ǎǘǳŘŜƴǘǎ ǇǊŜǇŀǊŜ р ǉǳŜǎǘƛƻƴǎ ǊŜƭŀǘƛƴƎ ǘƻ ŀƴƻǘƘŜǊ ǎǳōƧŜŎǘ ǘƘŜȅΩǊŜ ǎǘǳŘȅƛƴƎ 
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21 . ARCTIC PROVISION TRANSPORTER (APT)   
 

GRADE   7 LESSON DESCRIPTION 

Design and construct an APT to drop supplies to an Arctic expedition. The 
ATP must carry and drop a raw egg down a ramp to land on a target 1.75 
m below. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Application 
Communication 
Team-Building Skills 

STUDENT PREPARATION TIME 25 minutes 

ACTIVITY DURATION 90 minutes 

 

STRAND STRAND 

Understanding Structures and Mechanisms 

Grade Seven  
This task addresses the following 
expectations:  
 design and construct a variety of 

structures, and investigate the 
relationship between the design and 
function of these structures  

 and the forces that act on them; 
 demonstrate an understanding of the 

relationship between structural forms and 
the forces that act on and within them. 

 follow established safety procedures for using tools and handling materials;  
 design, construct, and use physical models to investigate the effects of various forces on 

structures;  
 investigate the factors that determine the ability of a structure to support a load; 
 use technological problem-solving skills to determine the most efficient way for a 

structure to support a given load; 
 use appropriate science and technology vocabulary, including truss, beam, ergonomics, 

shear, and torsion, in oral and written communication; 
 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with 

different audiences and for a variety of purposes; 
 

MATERIALS STUDENT MATERIALS 

 Inexpensive and recycled materials (e.g. Popsicle sticks, paper, cardboard, straws, plastic tubs, Styrofoam, 
tape, elastics, etc.)  

 Do not use glass, wood, or metal parts 
 

HOOK  

{Ƙƻǿ ǎǘǳŘŜƴǘǎ ǘƘƛǎ ŜȄŎŜǊǇǘ ŦǊƻƳ ǘƘŜ ŘƻŎǳƳŜƴǘŀǊȅ ά/ƘŀǎƛƴƎ LŎŜέΥ 
https://www.youtube.com/watch?v=zA6KCs_O73Q 
 
DEVELOPMENT  

Explain the mission:  

ά¸ƻǳǊ ǘŜŀƳ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŘŜƭƛǾŜǊƛƴƎ ǎǳǇǇƭƛŜǎ ǘƻ ŀ group of climate change researchers located in the arctic. 
¢ƘŜȅ ŀǊŜ ƭƛǾƛƴƎ ƛƴ ǾŜǊȅ ƘŀǊǎƘ ŎƻƴŘƛǘƛƻƴǎΣ ƛƴ ŀ ƘƛƎƘƭȅ ƛǎƻƭŀǘŜŘ ŀǊŜŀΣ ǎƻ ƛǘΩǎ ŜǎǎŜƴǘƛŀƭ ǘƘŀǘ ȅƻǳǊ ǇŀŎƪŀƎŜ ŀǊrives 
ǎŀŦŜƭȅ ŀƴŘ ƻƴ ǎŎƘŜŘǳƭŜΦ ¢ƘŜ ǇǊƻǾƛǎƛƻƴǎ ǘƘŀǘ ȅƻǳΩǊŜ ŘŜƭƛǾŜǊƛƴƎ ƛƴŎƭǳŘŜ ŦƻƻŘΣ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊΣ ƳŜŘƛŎŀƭ ǎǳǇǇƭƛŜǎΣ 
clothing, and emergency supplies for 8 people.  
One of the researchers is ill and requires antibiotics, so the package must be sent out today so it can be 
ŘŜƭƛǾŜǊŜŘ ōȅ ǘƻƳƻǊǊƻǿ ƳƻǊƴƛƴƎΦ ¸ƻǳǊ ǘŜŀƳΩǎ ƳƛǎǎƛƻƴΣ ǎƘƻǳƭŘ ȅƻǳ ŎƘƻǎŜ ǘƻ ŀŎŎŜǇǘΣ ƛǎ ǘƻ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ŘǊƻǇ ǘƘŜ 
package (an egg) from your Arctic Provision Transporter (APT) down a ramp, and have it land safely on a target 
1.75 m below. 
Each team consists of 4 members, assigned by your Research Control Office (a.k.a. your Teacher). In your 
team, you will have a Project Manager, a Materials Manager, a Constructor/Builder, and a Communication 
Specialist.  

Construction materials have an associated ŎƻǎǘΣ ǿƘƛŎƘ ȅƻǳǊ ǘŜŀƳΩǎ aŀǘŜǊƛŀƭ aŀƴŀƎŜǊ ǿƛƭƭ ǘǊŀŎƪΦ The Project 
aŀƴŀƎŜǊ ǿƛƭƭ ƻǾŜǊǎŜŜ ȅƻǳǊ ŘŜǎƛƎƴΣ ŀƴŘ ǊŜǉǳŜǎǘ ǘƘŜ ŜƴƎƛƴŜŜǊΩǎ όƳȅύ ŀǇǇǊƻǾŀƭ ōŜŦƻǊŜ ǇǊƻŎŜŜŘƛƴƎΦ ¢ƘŜ 
Construction Manager will oversee building of your transportation system making sure it meets your design 
specifications, and the Communicator will present the design to the class and demonstrate how it works. 

Your success will be judged on design creativity, cost, and accuracy in hitting the target. The cargo (egg) must 
not break during the drop from the ramp.έ 

 

https://www.youtube.com/watch?v=zA6KCs_O73Q
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APPLICATION  

Student teams must collaborate to design and construct an APT transporter to carry and drop a raw egg 1.75m 
down a ramp to land on a target 1.75 m below.  

Cost of materials: 

 Popsicle sticks $2 

 Straws $1 

 Cardboard $3/piece 

 Plastic tubs $10 

 Styrofoam cup $2 

 Tape $1/30cm 

 Elastic band $0.25 

 Paper $0.50/sheet

 

Teams will consist of 4 students with the following responsibilities:  

 Project Manager ς students will work together to design their transportation system (ramp), but will have 
one person manage the project. The PM will present the design to the EIR in order to obtain authorization 
before beginning construction.  

 Materials Manager - Keeps record of all materials used and the cost incurred. 
 Construction Manager ς manages team in building the ramp, making sure it meets the design 

specifications and incorporates modifications. 
 Communication Specialist - Spokesperson for team who will present the project to others 

 
Students are given the following timeline: 

 5 minutes to assemble into groups and receive their job descriptions 

 15 minutes to complete their design, and have it approved 

 20 minutes to construct their transport system 

 15 minutes for all groups to present and demonstrate their design (approx. 2 minutes per group) 

 

The cargo (egg) must not break during the drop from the ramp.  

Judge the teams based on their design creativity, cost, safe delivery, and accuracy in hitting the target. 

 
CLOSURE  
 

Ask students: 

 How many people would be willing to spend 6 months to 1-year in the arctic to conduct research? 
 What would be most challenging about living in the arctic? 
 How important do you think it is to study climate change? 
 What was happening in the video that I showed the class? Why was the iceberg capsizing? Why should 

we care? 
 What was the most challenging part of completing your mission? 
 Which part did you enjoy the most?  

 

TIPS  
 
 Assign roles at random buy printing the job descriptions (below) on pieces of paper, and getting team 

members to draw a role, with the papers face-down 
 Ask your teacher to divide the class into teams of 4 
 Make sure you budget your time, leaving adequate time for demonstrations and the closure activity 
 Print the material cost sheet (below) ahead of time to help groups track the cost  
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JOB DESCRIPTIONS 
 
 

Project Manager ς students will work together to design their transportation system (ramp), but will have 
one person manage the project. The PM will present the design to the EIR in order to obtain authorization 
before beginning construction. Students are given 15 minutes to complete their design. 
 
 
 
Materials Manager - Keeps record of all materials used and how much is spent. Ensure that the project 
ŘƻŜǎƴΩǘ ŜȄŎŜŜŘ ƛǘǎ ǇƭŀƴƴŜŘ ōǳŘƎŜǘ ǿƛǘƘƻǳǘ ǘƘŜ aŀǘŜǊƛŀƭ aŀƴŀƎŜǊΩǎ ŀǇǇǊƻǾŀƭΦ 

 
 

 
Construction Manager ς manages team in building the ramp, making sure it meets the design specifications 
and incorporates modifications. 
 
 
 
Communication Specialist - Spokesperson for team who will present the project, demonstrating the design 
to the class. 

 
 
 
 

MATERIALS WORKSHEET 
MATERIAL UNIT COST AMOUNT TOTAL COST 

Popsicle sticks 
 

$2   

Straws 
 

$1   

Plastic tub 
 

$10   

Styrofoam cup 
 

$2   

Paper 
  

$0.50   

Tape 
 

$1/30 cm   

Elastic band 
 

$0.25   

TOTAL:  
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22 . RESISTING THE WINDS OF CHANGE *  

 

GRADE   7 LESSON DESCRIPTION 

Students will build a structure that is to be tested against high force 
winds. The structures will be evaluated based on their ability to resist 
wind damage. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Application 
Team-Building Skills 
Communication 
 

PREPARATION TIME 30 minutes 

ACTIVITY DURATION 60 minutes 
 

STRAND  

Understanding Structures and Mechanisms 

Grade Seven 
This task addresses the following expectations:  
 design and construct a variety of structures, and investigate the relationship between the design and function of these structures and 

the forces that act on them; 
 demonstrate an understanding of the relationship between structural forms and the forces that act on and within them.  
 design, construct, and use physical models to investigate the effects of various forces on structures; 
 investigate the factors that determine the ability of a structure to support a load; 
 ŘŜǎŎǊƛōŜ ǿŀȅǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ŎŜƴǘǊŜ ƻŦ ƎǊŀǾƛǘȅ ƻŦ ŀ ǎǘǊǳŎǘǳǊŜ ŀŦŦŜŎǘǎ ǘƘŜ ǎǘǊǳŎǘǳǊŜΩǎ ǎǘŀōƛƭƛǘȅΤ 
 identify the magnitude, direction, point of application, and plane of application of the forces applied to a structure;  
 distinguish between external forces (e.g., wind, gravity, earthquakes) and internal forces (tension, compression, shear, and torsion) 

acting on a structure; 
 identify and describe factors that can cause a structure to fail. 
 

MATERIALS STUDENT MATERIALS 

 1 set of straws per team (50 pieces) 
 1 roll of masking tape per team 

 30cm x 30 cm cardboard base ς one per team 
 3 sheets of newspaper per team 

 1 Industrial Fan 

 
 

HOOK  

{Ƙƻǿ ǘƘŜ ŦƛǊǎǘ пр ǎŜŎƻƴŘǎ ƻŦ ǘƘƛǎ ǾƛŘŜƻ ƻŦ ŀ ƘƻǳǎŜ ŎƻƭƭŀǇǎƛƴƎΣ ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ ǘƘƛǎ ƛǎ ǿƘŀǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ǘǊȅ ǘƻ 
avoid: https://www.youtube.com/watch?v=91RwZB4KL4M 

 
DEVELOPMENT  

¸ƻǳ ƘŀǾŜ ōŜŜƴ ƘƛǊŜŘ ōȅ ŀ ǊŜŀƭ ŜǎǘŀǘŜ ŘŜǾŜƭƻǇŜǊ ǘƻ ŘŜǎƛƎƴ ŀ ƘƻǳǎƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ {ǘΦ WƻƘƴΩǎΣ bŜǿŦƻǳƴŘƭŀƴŘΦ 
{ǘΦ WƻƘƴΩǎ ƛǎ ƻƴŜ ƻŦ /ŀƴŀŘŀΩǎ ǿƛƴŘƛŜǎǘ ŎƛǘƛŜǎΣ ǿƛǘƘ ǿƛƴŘǎ ŜȄŎŜŜŘƛƴƎ нпƪƳκƘǊΦϝ CƻǊ ȅƻǳǊ ŦƛǊǎǘ ŀǎǎƛƎƴƳŜƴǘΣ ǘƘŜȅΩǾŜ 
asked your team to design and construct a prototype of a house. This prototype will be tested against strong 
ǿƛƴŘǎ ǘƻ ǎŜŜ ƛŦ ƛǘΩǎ ǎǘŀōƭŜ ŜƴƻǳƎƘ to proceed with the design. 
 
Lead a class discussion regarding structural units (triangles vs. squares), need for flexibility in tall buildings, etc. 
 
Each group will be given 50 straws, a 30 cm x 30 cm cardboard base, a role of tape, and 3 sheets of newspaper 
to construct a house. The walls and the roof must be covered in paper. Each house must be able to withstand 
30 seconds of high foǊŎŜ ΨǿƛƴŘΩΦ 
 
*Wind data found on "National Climate Data and Information Archive". Environment Canada. Retrieved 2013-01-23. 

 

 

 

 

 

https://www.youtube.com/watch?v=91RwZB4KL4M
http://www.climate.weatheroffice.gc.ca/winners/categorydata_e.html?SelectedCategory=60&submit=Submit
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APPLICATION  

Assign students to groups of 3, and distribute materials to each group. 

Each group will have 15 minutes to create a design strategy, and you will approve the design before they begin 
building. After having their design approved, students will have 20 minutes to build their house. 

Test each house to see if it can withstand 3л ǎŜŎƻƴŘǎ ƻŦ ƘƛƎƘ ŦƻǊŎŜ ΨǿƛƴŘΩΦ 

Grade 8 Extensions: 
Activity can be modified /  expanded to meet curriculum requirements for Grade 8 as follows: 

Understanding Structures and Mechanisms ς Systems in Action 

1.2 ς assess the impact on individuals, society, and the environment of alternative ways of meeting 
needs that are currently met by existing systems, taking different points of view into consideration 

To make the exercise more challenging, students can be given a list of additional requirements for the 
building, focused on green spaces and environmental concerns. Examples: 

A. Ratio green spaces vs. construction area 
B. Building volume 
C. Maximum occupancy, based on building volume 
D. Parking spaces, based on maximum occupancy 
E. Energy savings when using natural light 

Grade 8 students require more planning time to create their structure, so that they can meet the additional 
requirements. 

 
CLOSURE  
 
 

Have a group discussion to determine which structure types were more successful than others. 
 
Structures can be displayed around the school. 
 
 
 
 

TIPS  
 

 Get an industrial fan. Office fans are generally not powerful enough for this activity. 

 Build your own house in advance and test it using your fan. Adjust the building materials provided to 
make the activity easier/more difficult. 

 Industrial fans may require students to use safety glasses, so consult with your teacher ahead of time. 
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23 . ROLLER COASTER COMPETITION  
 

GRADES   7, 11 and 12 LESSON DESCRIPTION 

Students design and build a roller coaster using pipe insulation and 
straws. A marble will serve as the car.  

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation 
Communication 
Team-Building Skills 

PREPARATION TIME 2-3 hours 

ACTIVITY DURATION 75 minutes 
Students are expected to research the subject 
outside of class 

 

STRAND   STRAND  

Understanding Structures and Mechanisms  Science 

Grade Seven   Courses 
This task addresses the following grade 7 
expectations:  
 design and construct a variety of 

structures, and investigate the 
relationship between the design and 
function of these structures and the 
forces that act of them 

 demonstrate an understanding of the 
relationship between structural forms and 
the forces that act on and within them. 

 design, construct, and use physical 
models to investigate the effects of 
various forces on structures 

 investigate the factors that determine the 
ability of a structure to support a load 

 use technological problem-solving skills to determine the 
most efficient way for a structure to support a given load 

 classify structures as solid structures, frame structures, or 
shell structures 

 describe ways in which the centre of gravity of a structure 
ŀŦŦŜŎǘǎ ǘƘŜ ǎǘǊǳŎǘǳǊŜΩǎ ǎǘŀōƛƭƛǘȅ 

 identify the magnitude, direction, point of application, and 
plane of application of the forces applied to a structure 

 distinguish between external forces and internal forces 
acting on a structure 

 describe the role of symmetry in structures 
 identify and describe factors that can cause a structure to fail  
 identify the factors that determine the suitability of 

materials for use in manufacturing a product 
 

 Physics, 
Grade 11 University   
 C. Forces 
 
Physics, 
Grade 12 University   
 B. Dynamics 
 
Physics, 
Grade 12 Open   
 B. Motion and its 

Applications 

 
See supplementary document Ontario Curriculum Alignment for Engineer-in-
Residence Secondary Classroom Activities: Science and Technological Education 
for relevant overall and specific expectations. 

 

 STUDENT MATERIALS  

  2 lengths pipe insulation (the track) 
 paper clips (limited quantity) 
 twist ties (limited quantity)  
 duct tape (limited quantity)  

 straws (limited quantity)  
 a marble  
 chair 

 

HOOK  

Roller coaster joke: 
"It's not the most exciting theme park I've ever been to." I told my friend, as we looked at the painting of us 
together on the rollercoaster.  

 
Share some of these ridiculous photos that people have staged on roller coasters, followed by photos of 
different types of roller coasters: http://www.stuffyoushouldknow.com/blog/gallery/rollercoaster-photos/ 
 

 
DEVELOPMENT  

Discuss physics and engineering principles relevant to the grade level, including bŜǿǘƻƴΩǎ [ŀǿǎ ƻŦ aƻǘƛƻƴ and 
the following vocabulary: 

 Gravity 
 Acceleration 
 Deceleration 

 Compression 
 Tension 
 Frictional force 

 Safety factor 
 Side sway 

 

http://www.stuffyoushouldknow.com/blog/gallery/rollercoaster-photos/
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Ask the class what structural elements are important to consider when designing a roller coaster. Make a list. 
Ask the class to make a list of the safety considerations and features would that need to be considered when 
designing a roller coaster (minimum height, weight, age, seatbelts, electrical safety, rail guards, environmental 
concerns, etc.) 

 
APPLICATION  

Explain the task and divide students into teams of 3.  

Using only the materials provided students are asked to build a roller coaster with at least two hills and one 
curve in the track. They are given 20 minutes to design the roller coaster and present the design to the EIR, 
and 20 minutes to construct it. 

The pipe insulation provided cannot be cut. The initial launch platform will be no higher than the backrest of a 
student chair. A marble will serve as roller-coaster car. The goal is to have the marble successfully complete 
the course. To successfully complete the course, the marble must stay on the track and land on a target 
located at the track base. 

One student from each group will demonstrate their roller coaster to the class. 
 
CLOSURE  
 

Ask students what they learned from the activity, what they liked about it, and what they would do differently if  
they did it again.       
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24. EXPLORING WATER FILTRATION   
 

GRADES   7-11 LESSON DESCRIPTION 

Students will get to explore the characteristics of different water 
filtration materials.  

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Application 
Team-Building Skills 
Communication 

PREPARATION TIME 30 minutes 

ACTIVITY DURATION 45-60 minutes 
 

STRANDS STRAND  STRAND  

Grade Seven and Eight  

Understanding Matter & Energy 

Understanding Earth & Space Systems 

Technological Education 

Grade 9-11 Courses 
Exploring Technologies, 
Grade 9 Open   
B. Technological Skills 
C. Technology, Environment & 

Society 

Health Care, 
Grade 10 Open   
C. Health Care, the Environment, and 

Society 

Technological Design, 
Grade 10 Open   
B. Technological Design Skills 
C. Technology, Environment & 

Society 

Manufacturing Technology, 
Grade 10 Open  
A. Manufacturing Technology 

Fundamentals  
B. Manufacturing Technology Skills 

Manufacturing Technology, 
Grade 11 College  
A. Manufacturing Technology 

Fundamentals  

Manufacturing Engineering Technology, 
Grade 11 University/College 
A. Manufacturing Technology 

Fundamentals  

Technological Design and the Environment, 
Grade 11 Open 
B. Technological Design Skills 
C. Technology, the Environment, and 

Society 
 
 
See supplementary document Ontario 
Curriculum Alignment for Engineer-in-
Residence Secondary Classroom Activities: 
Science and Technological Education for 
relevant overall and specific expectations. 

 
 
 
 
 
 
 
 
 
 
 

 

MATERIALS   STUDENT MATERIALS 

 One 2-litre plastic bottle with large end cut off 

 Four 500 ml plastic cups filled with clean water (for filter pre-rinsing) 

 ¢ǿƻ рлл Ƴƭ ǇƭŀǎǘƛŎ ōƻǘǘƭŜǎ ŦƛƭƭŜŘ ǿƛǘƘ άŘƛǊǘȅέ ǿŀǘŜǊ όŀŘŘ н ǘŀōƭŜǎǇƻƻƴǎ ƻŦ ŘƛǊǘ ǘƻ 

500 ml water) 

 1 bucket (to catch rinse water and to dump used materials ς save carbon packs 

for reuse!)  

 Elastic band to secure cheese cloth (get band from bag of sand or gravel) 

 4 large pieces of paper 

 Coloured markers 

 м ōŀƎ ŦƛƴŜ ǎŀƴŘ ά!έ 

 м ōŀƎ ŎƻŀǊǎŜ ǎŀƴŘ ά.έ 

 1 bag gravel 

 1 carbon filter pack 

 8 cotton balls 

 Four 16 cm2 (4 x 4 cm) pieces of 

cheese cloth 

 

 

HOOK  
 
¦ǎƛƴƎ άǇƭŀŎŜ ƳŀǘƛƴƎέΣ ŎǊŜŀǘŜ ŦƻǳǊ ƭŀǊƎŜ ǎƘŜŜǘǎ ƻŦ ǇŀǇŜǊ ǿƛǘƘ ƻƴŜ ƻŦ ǘƘŜǎŜ ǉǳŜǎǘƛƻƴǎ ƛƴ ǘƘŜ ŎŜƴǘǊŜΥ 
1. What have you used water for today? 
2. How does access to clean water affect your health? 
3. How does clean water affect economic conditions in a region? 
4. Who is responsible for delivering clean water to your home/school? 
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Split the class into four groups, and have each group spend 3 or 4 minutes at each place mat, writing their 
thoughts relating to each question. 
 
DEVELOPMENT  
 
Show this 10 minute video on water sanitation and cholera ƛƴ ǘƘŜ мурлΩǎΥ 
http://www.ted.com/talks/steven_johnson_tours_the_ghost_map?language=en 
 
Explain that water is purified using many different methods, which include both biological and chemical 
processes. Biological purification uses sand, activated carbon filters (briefly explain each), or natural processes 
such as plants or bacteria to break down waste. Chemical filtration uses processes such as flocculation/ 
ŎƻŀƎǳƭŀǘƛƻƴ όōǊƛŜŦƭȅ ŜȄǇƭŀƛƴύΣ ǿƘƛŎƘ ǊŜƳƻǾŜ ǿŀǎǘŜ ǇŀǊǘƛŎƭŜǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ǇǊƻŎŜǎǎΦ ¢ƻŘŀȅΩǎ ƭŜǎǎƻƴ 
focuses on mechanical filtration. 
 
Vocabulary 

 Pathogen 
 Mechanical 

filtration 
 Coagulation 

 Slurry 
 Effluent 
 Ultraviolet light 
 Ozonation 

 Sanitation 
 Biological filtration 
 Chemical filtration 

 
APPLICATION  
There are four separate filtration tests to complete ς ƻƴŜ ŜŀŎƘ ŦƻǊ ǎŀƴŘ ά!έΣ ǎŀƴŘ ά.έΣ ƎǊŀǾŜƭΣ and carbon.  
tƭŜŀǎŜ ŘƻƴΩǘ ŘǊƛƴƪ ŀƴȅ ƻŦ ǘƘŜ ǿŀǘŜǊ ǳǎŜŘ ƛƴ ǘƘƛǎ ŀŎǘƛǾƛǘȅΦ   
 
Students will complete the following steps for each material: 
 

1. Loosely put 2 cotton balls in the neck of the cut bottle, then cover the neck of the bottle with the 

cheese cloth and secure with an elastic band. 

2. Insert the filter material (one material only per test) in a level layer in the bottle over the cotton plug. 

3. Pour 500 ml of clean water through the filter material and catch water in the bucket. 

4. {ƘŀƪŜ ǘƘŜ рлл Ƴƭ ōƻǘǘƭŜ ƻŦ άŘƛǊǘȅέ ǿŀǘŜǊ όǘƻǇ ƻƴ ǘƘŜ ōƻǘǘƭŜ ǇƭŜŀǎŜΗύ ŀƴŘ ǇƻǳǊ ƘŀƭŦ ǘƘŜ ǿŀǘŜǊ ǘƘǊƻǳƎƘ 

the filter material, catching the filtered water in an empty clear plastic cup. 

5. Write down observations as follows using the form provided (next page): 

a. Filter effectiveness (how clean is filtrate): 1 ς dirty, 2 ς OK, 3 ς great 

b. Filter speed (how fast water comes through filter): 1 ς really slow, 2 ς OK, 3 ς fast 

c. Comments (notes about handling materials and the experiment in general) 

6. Dump the used materials from the bottle into the pail (do not dump the filtered water yet), and follow 

steps 1 ς 5 for each of the remaining materials. 

7. Write a conclusion about your activity to present to the class.  

8. Clean up your work area (no dirt or water left on desks)! 

 

DEVELOPMENT  
Each group will be paired with one or two other groups to discuss what they observed, and answer these 

questions: 

 Which filters did you expect to be the most effective? Which ones were the most effective? Why? 

 If you were designing a filter with multiple components, which materials would you pick and why? 

http://www.ted.com/talks/steven_johnson_tours_the_ghost_map?language=en
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TIPS  
 
 Cƻƭƭƻǿ ǳǇ ǘƘƛǎ ŀŎǘƛǾƛǘȅ ǿƛǘƘ !ŎǘƛǾƛǘȅ Інр ά²ŀǘŜǊ ŦƻǊ ǘƘŜ ²ƻǊƭŘέ  

 
 
 
 

Testing Filtration Materials:  Observation Table 

 

Team Name:  _____________________ 

 

Material  Rating 

 Effectiveness 
1 – dirty 

2 – OK 

3 – clear 

Speed 
1 – slow 

2 – OK 

3 – fast 

Comments 

Sand “A”    

Sand “B”    

Gravel    

Carbon    

Conclusions: 
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25. WATER FOR THE WORLD  (ORIGINALLY DEVELOPED BY ENGINEERS WITHOUT BORDERS)  

 

GRADES   4-9 LESSON DESCRIPTION 

Students design a water filtration system for their assigned country, and 
are given constraints (e.g. money, resources, and literacy) similar to the 
ones faced by their designated country. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Application 
Team-Building Skills 
Communication 
Other: International Development 

PREPARATION TIME 60 minutes 

ACTIVITY DURATION 60-75 minutes 

 

STRANDS STRAND TOPICS  

Grades Four to Eight  

Matter & Energy 

Earth & Space Systems 
 
 
 
 
 
 
 
 
 
 

Technological Education 

Grade 9 Courses 
Exploring Technologies, Grade 9 Open   
D. Technological Skills 
E. Technology, Environment & Society 

Health Care, Grade 10 Open   
D. Health Care, the Environment, and Society 

Technological Design, Grade 10 Open   
D. Technological Design Skills 
E. Technology, Environment & Society 

Manufacturing Technology, Grade 10 Open  
C. Manufacturing Technology Fundamentals & Manufacturing Technology Skills 

 

MATERIALS   STUDENT MATERIALS 

 2-litre plastic bottles (from recycling bins) 
 500-mL plastic bottles  (from recycling bins) 
 Charcoal, activated (from aquarium)  

 Cotton balls (from drug or hardware stores) 
 Gravel (Coarse) (from hardware store; garden section) 
 Gravel (Fine) (from hardware store; construction section) 
 Sand (Course) (from hardware store; construction section) 
 Sand (Fine) (from hardware store; garden section) 
 Buckets or plastic bins (from hardware store) 

 Plastic cups  
 Cheese cloth 

 Rubber Bands 
 Hammer 

 
 

PREPARATION  
 

1. Prepare materials:  Cut bottom off 2L bottle 
  Cut cheese cloth into 2 pieces; 10 cm 
  Break down charcoal into granules with a hammer 
 
 
 

 tǊŜǇŀǊŜ άŘƛǊǘȅ ǿŀǘŜǊέ ōȅ ŀŘŘƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ н ǘŀōƭŜǎǇƻƻƴǎ ƻŦ ǎƻƛƭ ƻǊ ƳǳŘ ǘƻ рлл-
mL of water 

 
 

2. Assemble country packages:  Each group will receive a handout that includes a country profile, 
instructions on how to make a water filter, and an amount of 
Monopoly money based on the following table: 

  United States 
Canada 
South Africa 
Ghana 

$1000 
$700 
$200 
$80 

Cameroon 
Uganda 
Ethiopia 
Malawi 

$60 
$50 
$40 
$15 
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HOOK  

{Ƙƻǿ ƛƳŀƎŜǎ ŦǊƻƳ άhƴŜ 5ǊƻǇέ όǇƘƻǘƻƎǊŀǇƘǎ ƻŦ ǘƘŜ 9ŀǊǘƘ ǘŀƪŜƴ ōȅ /ƛǊǉǳŜ Řǳ {ƻƭŜƛƭΩǎ Dǳȅ [aliberté while in 
space): https://www.onedrop.org/gaiapromo/ 

Ask students why clean water is important, and what connection there is between access to clean water and 
wealth. 
 
DEVELOPMENT  

Discuss the following with the class: 
 Engineering design always has constraints 
 Engineering is about solving real life problems and issues 
 What impact does technology have on international development? 
Vocabulary: 
 International 

development 
 Literacy 

 Pathogen 
 Effluent 

 Water treatment 
 Irrigation 
 Groundwater/well 

water/freshwater 
 Desertification 

 Environmental 
migrant/migration 

 Soil compaction 

 Natural resource 
 

 

ACTIVITY DESCRIPTION  

Procedure  

1) Put filter materials in an easily accessible area at fǊƻƴǘ ƻŦ ǘƘŜ Ŏƭŀǎǎ όǘƘŜ άǎǘƻǊŜέύΦ 

2) Divide students into groups (4-5 students per group) and distribute a country profile to each group.   

3) Explain to students they are to make a water filter as outlined on their instruction sheet. They may 
purchase the needed ƳŀǘŜǊƛŀƭǎ ŦǊƻƳ ǘƘŜ άǎǘƻǊŜέ ǳǎƛƴƎ ǘƘŜ aƻƴƻǇƻƭȅ ƳƻƴŜȅ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ƎƛǾŜƴΦ  

4) After 20 minutes, have a representative from each group come up to the front of the room to demonstrate 
their water sample.  

5) Follow-up the activity with a class discussion on how it relates to the real world. There is a slide 
presentation and script available on the Engineers Without Borders website (go to www.eir.ca and look 
ǳƴŘŜǊ ΨwŜǎƻǳǊŎŜǎΩΣ Ψ¦ǎŜŦǳƭ ²ŜōǎƛǘŜǎΩ ŦƻǊ ǘƘŜ ƭƛƴƪύΦ 

  

TIPS  
 
 Consider doing the activity in a lab setting where a water sink is available 

 

https://www.onedrop.org/gaiapromo/
http://www.eir.ca/
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 COUNTRY PROFILES AND INSTRUCTIONS 
 

UNITED STATES  

 

GENERAL Area:  9,629,091 km
2
   

Population:  318,892,103 
Main Language:  English  
Growth Rate:  0.77% per year 

Rural:  18.6%  
Urban:  81.4%  

WATER 
RESOURCES  

Rainfall: 940 mm Total Water Withdrawals: 1870 m
3
/cap/year 

Water Use:  Domestic: 13%  Industrial: 45% Agricultural: 42% 

HEALTH  Life Expectancy: 79.6 years Infant Mortality  rate: 6 infant deaths/1000 live births 

LITERACY  Adult literacy: >99% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $54, 750.00 GDP % Towards Assistance: 0.19% 

INSTRUCTIONS  

1. Loosely put cotton plug in neck of cut bottle and then cover neck of bottle with cheese 
cloth, using a rubber band to secure it.   

2. Pour 1-cm of fine sand over the cotton plug, followed by activated charcoal, 1-cm of 
coarse sand, fine gravel, and coarse gravel.   

3. Over a bucket clean filter by slowly (and carefully) pouring 1-litre of clean water through it. 
4. Test the filter by placing it over a plastic cup and pouring half of the dirty water through it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each   

 

 

 

CANADA  

 

GENERAL Area:  9,976,140 km
2
  

Population:  34,834,841   
Main Languages:  English, French 
Growth Rate:  0.76% per year 

Rural:  18.4%  
Urban:  81.6%  

WATER 
RESOURCES  

Rainfall: From 250 mm in Yellowknife, 
NWT to 2415 mm in Prince Rupert, BC 

Total Water Withdrawals: 1601 
m

3
/cap/year 

Water Use:  Domestic: 18%  Industrial: 76% Agricultural: 12% 

HEALTH  Life Expectancy: 81.7 years Infant Mortality  rate: 5 infant deaths/1000 live births 

LITERACY  Adult literacy: >99% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $44, 500.00 GDP % Towards Assistance: 0.28% 

INSTRUCTIONS  

1. Loosely put cotton plug in neck of cut bottle and then cover neck of bottle with cheese 
cloth, using a rubber band to secure it.   

2. Pour 1-cm of fine sand over the cotton plug, followed by activated charcoal, 1-cm of 
coarse sand, fine gravel, and coarse gravel.   

3. Over a bucket clean filter by slowly (and carefully) pouring 1-litre of clean water through it. 
4. Test the filter by placing it over a plastic cup and pouring half of the dirty water through it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each    
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COUNTRY PROFILES AND INSTRUCTIONS 

 

GHANA  

 

GENERAL Area: 239,460 km
2 
 

Population:  25,758,108   
Main Language:  English 
Growth Rate:  2.2% per year 

Rural:  47%  
Urban:  53%  

WATER 
RESOURCES  

Rainfall: 2000 mm Total Water Withdrawals: 50 m
3
/cap/year 

Water Use:  Domestic: 35%  Industrial: 13% Agricultural: 52% 

HEALTH  Life Expectancy: 65.8 years Infant Mortality  rate: 39 infant deaths/1000 live births 
Child Mortality  rate: 78 child deaths/1000 live births 

LITERACY  Adult literacy: 76.6% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $4,247.00  

INSTRUCTIONS  

1.  put  plug in neck of  bottle  cover neck 
of  with cheese cloth, using a rubber  to secure it.   

2. Pour 1-cm of  sand over the cotton plug, followed by  
charcoal, 1-cm of coarse , fine , and coarse gravel.   

3. Over a bucket  filter by (and carefully)  1-litre of 
clean water through it. 

4.  the filter by  over a plastic cup and pouring  of the 
 water through it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each   

 

 

CAMEROON  

 

GENERAL Area: 475,440 km
2 
 

Population:  23,130,708   
Main Languages:  French, English 
Growth Rate:  2.6% per year 

Rural:  46%  
Urban:  54%  

WATER 
RESOURCES  

Rainfall: 3,000 mm Total Water Withdrawals: 60 m
3
/cap/year 

Water Use:  Domestic: 46%  Industrial: 19% Agricultural: 35% 

HEALTH  Life Expectancy: 57.4 years Infant Mortality  rate: 55 infant deaths/1000 live births 
Child Mortality  rate: 95 child deaths/1000 live births 

LITERACY  Adult literacy: 75.0% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $2,907.00  

INSTRUCTIONS  

1.  put cotton plug in neck of cut  and then  neck of 
with cheese , using a  band to secure it.   

2. Pour 1-cm of  sand over the cotton plug, followed by  
charcoal, 1-cm of coarse sand, , and coarse gravel.   

3. Over a bucket  filter  slowly () pouring 1-litre 
of  water through it. 

4.  the  by placing it over a cup and  half 
of the  water through it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each   
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SOUTH AFRICA  

 

GENERAL Area: 1,219,090 km
2
  

Population:  48,375,645   
Main Languages:  Zulu, English 
Growth Rate:  -0.5% per year 

Rural:  37%  
Urban:  63%  

WATER 
RESOURCES  

Rainfall: 464 mm Total Water Withdrawals: 272 m
3
/cap/year 

Water Use:  Domestic: 36%  Industrial: 7% Agricultural: 57% 

HEALTH  Life Expectancy: 49.6 years Infant Mortality  rate: 42 infant deaths/1000 live births 
Child Mortality rate: 44 child deaths/1000 live births 

LITERACY  Adult literacy: 94.3% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $14,130.00  

INSTRUCTIONS  

1. Loosely put cotton  in neck of cut bottle and  cover neck of bottle with 
cheese cloth, using a rubber band to secure it.   

2. Pour 1-cm of fine sand over the cotton plug, followed by  charcoal, 1-cm 
of coarse sand, fine gravel, and coarse gravel.   

3. Over a bucket clean filter by slowly (and ) pouring 1-litre of clean water 
through it. 

4. Test the filter by placing it over a plastic cup and pouring half of the dirty water 
 it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each   

 

 

MALAWI  

 

GENERAL Area: 118,480 km
2
  

Population:  17,377,468   
Main Languages:  English, Chichewa 
Growth Rate:  3.3% per year 

Rural:  84%  
Urban:  16%  

WATER 
RESOURCES  

Rainfall: 875 - 1250 mm Total Water Withdrawals: 378 m
3
/cap/year 

Water Use:  Domestic: 15%  Industrial: 5% Agricultural: 80% 

HEALTH  Life Expectancy: 60.0 years Infant Mortality  rate: 48 infant deaths/1000 live births 
Child Mortality  rate: 68 child deaths/1000 live births 

LITERACY  Adult literacy: 65.8% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $792.00  

INSTRUCTIONS  

1. Loosely  cotton plug in  cut  and then  neck of 
 with cheese cloth, using a rubber band  secure it.   

2.  1-cm of fine  the  plug,  by 
activated , 1-cm of coarse sand,  gravel, and  gravel.   

3. Over a  clean  by  (and carefully)  1-litre 
of clean water through it. 

4.  the filter by  a plastic cup and  half 
 water through it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each    

COUNTRY PROFILES AND INSTRUCTIONS 
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UGANDA  

 

GENERAL Area: 241,040 km
2
  

Population:  35,918,915   
Main Language:  English 
Growth Rate:  3.2% per year 

Rural:  84%  
Urban:  16%  

WATER 
RESOURCES  

Rainfall: 1,180 mm Total Water Withdrawals: 20 m
3
/cap/year 

Water Use:  Domestic: 32%  Industrial: 8% Agricultural: 60% 

HEALTH  Life Expectancy: 54.5 years Infant Mortality  rate: 61 infant deaths/1000 live births 
Child Mortality  rate: 66 child deaths/1000 live births 

LITERACY  Adult literacy: 78.4% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $1,856.00  

INSTRUCTIONS  

5.  put cotton plug in neck of cut bottle and then cover neck of bottle with 
cheese cloth, using a rubber band to  it.   

6. Pour 1-cm of fine sand  the cotton , followed  
charcoal, 1-cm of coarse sand, fine , and coarse gravel.   

7. Over a bucket clean filter by slowly (and )  1-litre of clean 
 through it. 

8. Test the filter by over a plastic  and pouring  
the  through it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each   
 

ETHIOPIA  

 

GENERAL Area: 1,104,300 km
2
  

Population:  96,633,458   
Main Language:  Amharic, English 
Growth Rate:  2.9% per year 

Rural:  81%  
Urban:  19%  

WATER 
RESOURCES  

Rainfall: 865 mm Total Water Withdrawals: 81 m
3
/cap/year 

Water Use:  Domestic: 11%  Industrial: 3% Agricultural: 86% 

HEALTH  Life Expectancy: 60.8 years Infant Mortality  rate: 56 infant deaths/1000 live births 
Child Mortality  rate: 64 child deaths/1000 live births 

LITERACY  Adult literacy: 49.1% of population age 15 and above  

ECONOMY GDP per capita (PPP US$): $1500.00  

INSTRUCTIONS  

5.  put  in  cut  and 
 neck  with  cloth,  a 
 band to  it.   

6. Pour 1-cm of fine  over  plug, 
 charcoal, 1-cm  sand, 
 gravel, and coarse gravel.   

7.  a  by  
() pouring 1-litre of  through it. 

8. Test  by placing it  a  cup  
half  water  it. 

COST OF MATERIALS  

Activated Charcoal  $50/cup Cheesecloth  $5/square Sand, Coarse $20/cup 
Cotton  $5/ball Gravel, Fine   $10/cup Sand, Fine  $20/cup 
Gravel, Coarse  $10/cup Rubber Band  $5 each    
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CLOSURE  
 
Ask each group to share the country that they were assigned, and the challenges that they encountered. Ask: How does 
this activity relate to access to water across the globe? 
 
 
 
Additional Resources:  
CIA World Factbook (2014) 
Organization for Economic Cooperation and Development (2013) for Assistance spending 
Statistics for Child mortality from UNICEF (2013) for children under age 5 
BBC Weather Centre 
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26. GO FISH!  
AN INQUIRY ACTIVITY ABOUT SUSTAINABILITY *  

 

GRADES   7, 9-12 LESSON DESCRIPTION 

A hands-on, team-oriented activity using scenarios for students to discover 
the importance of sustainability through the concept of the Tragedy of the 
Commons. The activity, using inquiry-based learning, promotes a sense of 
community among students, and is highly adaptable. 
 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Application 
Team-Building Skills 
Communication 
 

PREPARATION TIME 20 minutes  

DURATION 75 minutes  
 

STRAND   STRAND   STRANDS  

Understanding Life Systems  Biology  Chemistry 

Grade Seven  Grade 9-12 Courses Earth and Space Science 
This task addresses the following grade 7 
expectations:  
 assess the impacts of human activities and 

technologies on the environment, and 
evaluate ways of controlling these impacts; 

 investigate interactions within the 
environment, and identify factors that affect 
the balance between different components 
of an ecosystem. 

 use scientific inquiry/research skills to 
investigate occurrences that affect the 
balance within a local ecosystem; 

 demonstrate an understanding of an 
ecosystem as a system of interactions 
between living organisms and their 
environment 

 explain why an ecosystem is limited in the 
number of living things (e.g., plants and 
animals, including humans) that it can 
support 

 describe ways in which human activities and 
technologies alter balances and interactions 
in the environment. 

 Science, 
Grade 9 Academic   
B. Biology: Sustainable 

Ecosystems (B1, B2, B3) 

Science, 
Grade 9 Applied   
B. Biology: Sustainable 

Ecosystems and Human 
Activity (B1, B2, B3) 

Biology, 
Grade 11 University   
B. Diversity of Living Things 

(B1) 

Biology, 
Grade 12 University   
F. Population Dynamics (F1, 

F2, F3) 
 

 Environmental Science 

Grade 9-12 Courses 

  Science, 
Grade 10 Academic   
D. Earth and Space Science: Climate Change (D2, D3) 

Science, 
Grade 10 Academic   
D. 9ŀǊǘƘΩǎ 5ȅƴŀƳƛŎ /ƭƛƳŀǘŜ ό5мΣ 5нΣ 5оύ 

Chemistry, 
Grade 11 University   
F. Gases and Atmospheric Chemistry (F1) 

Environmental Science, 
Grade 11 University/College   
D. Sustainable Agriculture and Forestry (D1, D3) 

Environmental Science, 
Grade 11 Workplace   
B. Human Impact on the Environment (B1, B3) 
E. Natural Resource Science and Management (E1, E3)   

 

CROSS-DISCIPLINE CONNECTIONS  

 Mathematics  Social Studies, History and Geography   
 

MATERIALS STUDENT MATERIALS 

 written and visible set of rules 
 minimum of 100 candy fishes 
 a whistle (recommended) 

 a central bowl (fastened down)  
 activity diagram to show paths of players 
 4 paper plates/bowls for each team 

 large playing area  

 

HOOK  

{Ƙƻǿ ǘƘŜ ǾƛŘŜƻ ά¢Ƙƛǎ ƛǎ ŀ {ǳǎǘŀƛƴŀōƭŜ CƛǎƘέΥ https://www.youtube.com/watch?v=6ps0truARKs 
Ask students: 
¶ What is sustainability?  
¶ What are sustainable fishing practices? 

 

* This activity was originally developed through the University of Windsor Bridging Worlds ð An Engineering Education Experience 
project by Eric Bondi and Aaron Blata. 

https://www.youtube.com/watch?v=6ps0truARKs
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DEVELOPMENT  
Sustainability is becoming increasingly important as the human population is growing and we live in an industrialized 

world.  As our global population continues to rise we are faced, globally, with the problem of having fewer resources for 

all. Becoming aware of the movement toward a more sustainable future is important, especially for the next generation. 

The idea of sustainability, however, is not new to the 21
st
 century. In fact the philosopher Aristotle described what we now 

call the Tragedy of the Commons more than 2000 years ago. In his book, Politics, Aristotle says, “Everyone thinks chiefly 

of his own, hardly at all of the common interest” (Politics, Book 11, Ch. 3).  When this becomes the case, our resources 

are carelessly used and this may eventually lead to depletion beyond recovery. A prime example of such a scenario is the 

collapse of cod stocks off the coast of Newfoundland which occurred in 1992. 

 

The collapse of the cod stocks in Eastern Canada 

Until the 1950’s, the Canadian fishing industries used traditional methods  (using hook and “jiggling” techniques, or small 

nets), and the cod were plentiful, being fished at a rate that they could reproduce to keep their numbers stable. At around 

that time, large factory “trawlers” were being introduced, using huge ships with enormous nets that are dragged behind 

the boats, catching whatever is in their path.   

 

Another “improvement” in fishing technology made it popular to use “draggers,” which are large nets that are dragged 

along the bottom of the ocean, catching everything in their path, including young fish, food sources for the cod, and other 

marine life. To make matters worse, many of the fish that were caught were also spawning, making it impossible for them 

to reproduce. This highly destructive method damages eco-systems, making it difficult for the plant and animal life to 

recover.  

 

These new fishing methods caused “over-fishing,” meaning that fish were being caught much faster than they could 

reproduce. The populations of cod began to rapidly decline, with available fish mass dropping from 250,000 tonnes in the 

1950’s down to 1,700 tonnes in 1995. 

 

Fortunately, the local fisherman started to report the drop in the normal levels of cod, which attracted the interests of 

scientists in the 1980’s. The government ignored their concern for several years, until the decided to take action in 1992, 

imposing a ban on Northern cod fishing in Canada. 

 

Note: 

Sustainability is important for understanding natural resources and how we as humans can affect the environment we live 

in. This activity can be a powerful tool towards the Environmental and Sustainable Education movement. 

 

Students are given the opportunity to start considering their finances and how they spend money. This activity also has 

the potential to be adapted incorporate Financial Education in the classroom.  GO FISH! is an activity rooted in methods 

of differentiated instruction that provides an avenue where financial education can be applied in the classroom. It 

promotes students to think critically and explore methods of sustainability based on their observations and experiences 

from the activity. This is accomplished in a fun and engaging way, adapting to a variety of learning preferences. The game 

itself encourages students to develop their problem solving skills and practice team-work in a community setting. 

 
APPLICATION  

The Essence of the Game 

This activity has been designed so that students are able to ‘discover’ the idea of the tragedy of the commons and the 

importance of living sustainably through an inquiry-based game involving four teams (communities) and one common 

resource. This activity can be adapted to suit the classroom needs. In reference to the scenario above (the collapse of the 

cod stocks in Eastern Canada), the common resource may be a stock of candy fish. 

 

Students will run through trials of the game with their designated team. Since there are four teams, using a deck of cards 

works well to randomly designate the teams. At the end of each round, when the time has finished (or when the common 

resource has been depleted), each team needs a certain amount of fish to survive. In the first round, there are only 

enough players in the game that there is extra fish to go around to all teams (Please see below for an example of a class 

with 24 students). When the round finishes, teams add up their ‘total catch’ and any surplus they sell back to replenish the 

commons (this can be done by the teacher keeping a tally). 
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In the second round, one player is added to each team. This puts the system at full-capacity, meaning that there is no 
extra fish in the commons. If any individuals cannot be properly fed, then that team does not survive and is removed from 
the game. During this round some teams will likely have to use up of some of their points they previously accumulated in 
order to survive. In the third trial, another player is added to each team. This pushes the system beyond capacity and 
‘nature’ begins to take its toll on the communities. The process of elimination and growth in community (team) population 
can be continued until it reaches a point where no team is able to survive. 

 

Fundamental Rules 

1. Players must always WALK. There is NO RUNNING. 
[The teacher may wish to do the activity outside, in which case it is their discretion for the allowance of running] 

2. Players must follow the designated path. 
[Teacher has path posted on wall or taped on ground] 

3. Only one fish allowed per person at a time (i.e. no grabbing handfuls) 

4. There is a minimum amount of fish to feed each person (in the example above, it was five fish per person) 

5. In order to obtain fish, team members must form a “boat.” Members of the boat must join in a hand-on-shoulder 
fashion. 

6.  

Sample Trial of GO FISH! 

This trial was played with 24 students and a common stock of 100 candy fish. 

Round #1: 100 fish in the commons and 4 players on each team. Each player needs five fish to survive the round. 
Therefore there is a surplus of 20 fish in the commons for the round (the system is under-capacity). 

Round #2: Commons is replenished to 100 fish and each team adds a new member to the community (population 
growth) so that each team now has 5 players (the system has now reached full capacity). 

Round #3: The commons is restocked to 100 (or teacher has option of removing ¼ of the stock per team that is 
eliminated to speed up the trials) and each of the remaining teams gains a new player for the round. If all teams 
remain, then the system is over-capacity and teams will begin to be eliminated. 

Following Rounds: The game continues until all teams have been eliminated. If it gets to the point where only one 
team is surviving, the population growth can increase as the rounds increase; that is, add 2 players, then 4 players, 
then 8 players, etc. 

 

 

CLOSURE  
What happened in the three rounds of the game? What would happen if you kept adding more players? 

Why is sustainability important? What other situations would sustainability be important for? 

What can you do to promote sustainability? 

 
 
 

TIPS  
 Run a trial round with the class before the actual activity begins. 

 Be mindful of time, and be sure to leave enough time for the closure activity, even if all three rounds of 
the game are not completed. 
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Visual Representation of GO FISH! Set up 
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27. PIRATES AT BAY  

 

GRADES   7-12 LESSON DESCRIPTION 

Students will figure out how to bring a ball bearing at the bottom of a 
tub of water to the surface with the materials provided, without 
manually pulling it up in any way. 

ASSESSMENT CATEGORIES 

Thinking and Investigation 
Application 

Team-Building Skills PREPARATION TIME 20 Minutes 

LESSON DURATION 45 minutes 
 

STRAND   STRAND   STRAND  

Understanding Structures & 
Mechanisms 

 Physics  Construction Engineering 

Grade Seven and Eight  Grade 9-12 Courses  Grade 11-12 Courses 
This task addresses the following grade 7 
expectations:  
 design and construct a variety of 

structures, and investigate the 
relationship between the design and 
function of these structures and the 
forces that act of them 

 demonstrate an understanding of the 
relationship between structural forms 
and the forces that act on and within 
them. 

 design, construct, and use physical 
models to investigate the effects of 
various forces on structures 

 investigate a working system and the 
ways in which components of the 
system contribute to its desired 
function. 

 use scientific inquiry/experimentation 
skills to investigate mechanical 
advantage in a variety of mechanisms 
and simple machines; 

 use technological problem-solving skills 
to investigate a system that performs a 
function or meets a need. 

  
Science, 
Grade 9 Academic   
F. Physics: Structures and Functions 

Science, 
Grade 10 Applied   
F. Physics: Structures and Functions 

Science, 
Grade 10 Academic   
G. Physics: Structures and Functions 

Science, 
Grade 10 Applied   
G. Physics: Structures and Functions 

Physics, 
Grade 11 University  
C. Forces 

Physics,  
Grade 12 University  
  B. Dynamics 
  D. Gravitational, electric, and   
      magnetic fields 
Physics,  
Grade 12 College  
  C. Mechanical Systems 

  
Exploring Technologies/Exploring Construction, 
Grade 9 Open  
C. Technological Design Fundamentals 
D. Technological Skills 

Technological Design 
Grade 10 Open 
A. Technological Design Fundamentals 
B. Technological Design Skills 
 

Manufacturing Technology, 
Grade 10 Open  
B. Manufacturing Technology Fundamentals  

Manufacturing Technology, 
Grade 11 College  
A. Manufacturing Technology Fundamentals  
B. Manufacturing Technology Skills   
 
 
See supplementary document Ontario 
Curriculum Alignment for Engineer-in-
Residence Secondary Classroom Activities: 
Science and Technological Education for 
relevant overall and specific expectations. 

 

MATERIALS STUDENT MATERIALS 

 8 gal Bucket/tub *   
 2 Magnets*   
 пΩ wǳōōŜǊ ƘƻǎƛƴƎϝ 

 1 Ball Bearing*  

 10 Marbles*   
 1 Balloon* 
 Tape* 

 5 Straws    
 мΩ 5Ŝƴǘŀƭ Ŧƭƻǎǎ   
 10 Toothpicks   

 2 Matchsticks  

 10 Paper clips   
 2ft of String   
 2 Zip ties 

 10 Popsicle sticks 
*Necessary materials.  
The rest can be substituted for other materials.  They are to throw students off and make them think, but can be used as well. 

 

 
 
 

 
 
 

 
* This activity was developed through the University of Windsor Bridging Worlds ð An Engineering Education Experience 

project by Katie Facecchia and Jeff Gagnier. 
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HOOK  

Divide students randomly into groups of 3 or 4. Have one representative from each team come to the front of the class to 
play “walk the plank.” The group representatives take a place at the end of a piece of tape on the floor, which represents 
“the plank.” The plank is divided into three “steps.” Present Jeopardy-type questions to the contenders about pirates. The 
first student to raise their hand gets to answer the question. If they answer correctly, they take a step back on the plank, if 
the answer is wrongly, they must take a step forward. After answering 3 questions incorrectly, the student will “fall off” the 
plank. 

 
DEVELOPMENT  
 

The story: one of your team members has tripped over your box of treasure, accidentally spilling a very valuable 
gemstone overboard. Being pirates, none of you know how to swim, and the waters are filled with sharks. The Captain 
has threatened to make your entire team walk the plank, but you convince her to give you 20 minutes to recover the 
gemstone to spare your lives. You can use the materials provided, but cannot touch the water with your hands or other 
limbs, and are not allowed to hook the “gemstone” using the paperclip. Good luck! 

 
APPLICATION  

Preparation:  

 Count and divide the materials for each group. 

 Create a scenario handout for each group. 

 

Each team is equipped with the materials listed above, and is given a barring at the bottom of a tub of water. The team 

must recover the “gemstone” so they will not be thrown overboard. It is up to them to figure out a way to bring the 
ball bearing to the surface of the water without simply pulling it up (either with ȅƻǳǊ ƘŀƴŘǎ ƻǊ ōȅ ΨƘƻƻƪƛƴƎΩ ƛǘ 
with the paperclip and pulling it up). 

 
CLOSURE  
 

Ask students what they liked most about the activity. Was it difficult? What would they change to 
increase/decrease the level of difficulty? 

 

 

 

 

Potential Solution: 

Put the magnet and the marbles (for weight) inside of the balloon.  Connect the balloon to the hose.  The 
magnet will attract the ball bearing that should rise to the surface of the water when the balloon is inflated by 
mouth, through the hose 

 
 
 

TIPS  
 

 Remind students that the ball bearing only has to reach the surface of the water. 

 Remind students that ǘƘŜȅ Ŏŀƴƴƻǘ άǇǳƭƭέ ǘƘŜ ōŀƭƭ ōŜŀǊƛƴƎ ǳǇ ǿƛǘƘ ŀƴȅǘƘƛƴƎΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜȅ cannot tie a 
magnet to a string, get the ball bearing with the magnet, and pull it up that way.  
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28 . EDIBLE CELLS  

 

GRADES   8 and 10 LESSON DESCRIPTION 

Students create cells using Jell-O and Halloween candy to learn the 
basic parts of an animal cell and specific specialized cells. Students 
will identify cell components by completing a cell diagram and then 
get into groups to discuss their project before presenting their cells 
to the class. At the end of the activity students will be able to eat 
their cell creations. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Communication 
Application 
Team-Building Skills 

PREPARATION TIME 30 minutes 

ACTIVITY DURATION 60 minutes 
 

STRAND   STRAND   CROSS-DISCIPLINE 
CONNECTIONS  Understanding Life Systems  Science 

Grade Eight  Grade 10 Courses Language 
This task addresses the following overall expectations: 
 demonstrate an understanding of the basic structure and 

function of plant and animal cells and cell processes  

and the following specific expectations: 
 identify structures and organelles in cells, including the 

nucleus, cell membrane, cell wall, chloroplasts, vacuole, 
mitochondria, and cytoplasm, and explain the basic 
functions of each (e.g., the nucleus holds all the information 
needed to make every cell in the body) 

 compare the structure and function of plant and animal cells 

 Biology, 
Grade 10 Academic   
B. Biology: Tissues, 

Organs, and Systems 
of Living Things 

Biology, 
Grade 10 Applied   
B. Biology: Tissues, 

Organs, and Systems 

The Arts 
 
See supplementary document 
Ontario Curriculum Alignment for 
Engineer-in-Residence Secondary 
Classroom Activities: Science and 
Technological Education for relevant 
overall and specific expectations. 

 

TEACHER RESOURCES   MATERIALS ς PER STUDENT  

 Diagrams describing animal cell parts 
 Examples & pictures of specialized cells in human body 
 Table relating cell components to candy pieces 
 A microscope and a glass slide 
 An onion (and a knife to cut the onion) 

  Bag containing Jell-O 
 Paper plate 
 Plastic knife 
 Plastic spoons 

 Bag with various 
candies to represent 
parts of the cell 

 

PREPARATION  
 

 Prepare bags of set Jell-O for each student (have extras on hand). 

 For each group prepare a separate bag of candies that represent various parts of a cell.  The table below 
provides suggestions of candy types to use: 

 

CELL COMPONENT CANDY EQUIVALENT 
Membrane Plastic Bag 

Cytoplasm Jell-O 

Nucleus Gum Ball 

Centrosome Gum Drops 

Lysosome M&M Candy 

Rough ER Sour Gummy Worms 

Smooth ER Gummy Worms 

Ribosome Candy Sprinkles 

Vacuole Jaw Breakers 

Golgi Body Fruit Roll-ups 

Mitochondrion Raisins 
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HOOK  

Carefully peel the inside skin between the layers of an onion, and place it on a slide under a microscope. Invite 
students to come up and look at the onion cells under the microscope. 

 
DEVELOPMENT  

Explain the differences between plant and animal cells, and use diagrams. Review what each of the 
components in a cell is responsible for. 

Additional background information (optional): 
 Describe how cells divide 
 Describe how cells get nutrients, exchange information and connect to other cells to form tissues. 
 
 

EPITHELIAL CELL  MUSCLE CELL 

 

 

 
   

CONNECTIVE TISSUE CELL  NEURON CELL 
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APPLICATION  

Assign students to one of the above cell types and instruct them to create it using the provided materials.   

1. Students will first open their bag of Jell-O and divide it into two halves using a plastic knife.   
2. Using the bag as the outer membrane and the Jell-O as the cytoplasm, students insert candies into the 

Jell-O to create cell components.   
3. Once students complete their cell they will place the other Jell-O halve on top (creating a Jell-O sandwich). 
4. Students will then complete a diagram indicating the parts of the cell. 

When completed, group students according to their cell type to discuss their cell designs and then present 
these findings to the class.   

 
Possible Discussion Questions: What is your cell type? What components does it have? Which parts is it 
missing? Why? 
 

CLOSURE  
 
Why is it important to understand how a cell functions?  
What applications might this knowledge have for medicine, research, or engineering?  
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29 . EGG BUNGEE JUMP COMPETITION  
 

GRADE   9 LESSON DESCRIPTION 

To determine the distance an egg will "bungee" jump to the floor 
without breaking. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking 
Communication 
Team-Building Skills 

PREPARATION TIME 20 minutes 

ACTIVITY DURATION 75 minutes 
 

STRAND STRAND 

Mathematics & Physics 

Grade Nine  
Principles of Mathematics, 
Grade 9 Academic   
 Linear Relations 

Foundations of Mathematics, 
Grade 9 Applied   
 Linear Relations 

Relevant mathematics expectations for this activity can be found in the 
supplementary Ontario curriculum alignment document: Ontario Curriculum 
Alignment for Engineer-in-Residence Secondary Classroom Activities: Science and 
Technological Education. 

 

MATERIALS STUDENT MATERIALS 

 Panty hose  
 Ziploc bags 

 Metre stick  
 Graph paper 

 Weigh scales (grams) - one per group of four 
 Coins or other weights  

 Eggs 

 
 

HOOK  

Tell the class that you’re looking for 3 volunteers, and show them this video of bungee jumping: 

https://www.youtube.com/watch?v=2RzXLhcV0xg 

Explain that unfortunately—or perhaps fortunately—it’s an egg that they are going to take bungee jumping. These three 
volunteers are going to lie underneath an egg when it is released at the end of the lesson (make sure that the egg is being 
launched from high enough that it won’t actually hit them).  

 
DEVELOPMENT  

Explain that engineers often use modelling to predict physical outcomes. One example of this is a software developed in 
the wind power industry that predicts when equipment will fail, and determines which mechanical parts need to be 
replaced. There are countless other examples. Although we won’t be using sophisticated software to model our egg 
bungee, we will be using a set of experimental data to predict what will happen. 

Explain how graphing and best fit analysis works. If you know how something reacts at 0, 30, 60 and 100 grams, then you 
will know how an egg (about 70g) will react.  

 

Vocabulary: 

 Interpolation 

 Gravity 

 Elastic deformation 

 Plastic deformation 

 
APPLICATION  

In teams of four provide students with 100 grams of weight (coins, metal or other item), an egg, pair of regular (cheap) 

panty hose, a metre stick, Ziploc bag, and a piece of graph paper. 

First, have students measure the panty hose when unstretched. Then, with a weight (about 30g) have one student stand 

on a chair, hold the panty hose with one hand, and then drop the weighted end of the panty hose.  The other students will 

note how far the panty hose stretches. Repeat activity with 60g and 100g weights. On a piece of graph paper students will 

graph the distance their panty hose stretched with each trial. 

Using a best-fit analysis (once the egg is weighed), students can determine how far the panty hose will stretch when an 

egg is placed in the panty hose and dropped.  

https://www.youtube.com/watch?v=2RzXLhcV0xg
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After completing their analysis each group will hold the panty hose with the egg (in a Ziploc bag) from the height they 

determine. The one that gets the egg closest to the floor without breaking it wins the competition.  

 

 
CLOSURE  
 

Ask students: 

What applications could this activity have? 

Were their predictions accurate?  

What did they like about the activity? 

 

 

TIPS  
 

 Have plenty of eggs on hand.  

 If possible have the eggs and weights pre-measured as this can take the longest amount of time. 
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30. MINI SUMO - BOT  

 

GRADES   9-12 LESSON DESCRIPTION 

Students will design and build a simple robot, the mini "Sumo-Bot." ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking 
Communication 
Team-Building Skills 

PREPARATION TIME 75 minutes 

ACTIVITY DURATION 90 minutes 

 

STRAND  

Technological Education 

Grade 9 & 10 Courses Grade 11 & 12 Courses 
Exploring Technologies, 
Grade 9 Open   
 A. Technological Fundamentals 
 B. Technology Skills 
 
Technological Design, 
Grade 10 Open   
 A. Technological Fundamentals 
 B. Technological Design Skills 

Technological Design, 
Grade 11 University/College  
 A. Technological Design Fundamentals 
 B. Technological Design Skills 
 

Technological Design, 
Grade 12 University/College  
 A. Technological Design Fundamentals 
 B. Technological Design Skills 

Technological Design in the 21st Century, 
Grade 12 Open  
 A. Technological Design Fundamentals 
 B. Technological Design Skills 
 
See supplementary document Ontario 
Curriculum Alignment for Engineer-in-
Residence Secondary Classroom Activities: 
Science and Technological Education for 
relevant overall and specific expectations. 

 

TEACHER RESOURCES   STUDENT MATERIALS  

 See robot building and competition websites, as well as robot 
building hints 

  found materials (parts from 
±/wΩǎΣ ǿŀƭƪƳŀƴǎΣ ŜǘŎΦύ 

 
 

MATERIALS STUDENT MATERIALS 

 

 A base: This is used to hold everything together, and could be as simple as a piece of cardboard, or an old 
plastic container. You could use plastic or cardboard or whatever- but try to use recycled material! 

 Two Electric DC Motors/group: these can be found in most anything that spins! Fans, pencil sharpeners, RC 
Cars. Try to make sure they're the same size, although that doesn't necessarily mean they're the same. 

 Two AA 1.5V batteries/group: both of these will supply three volts to the motors. 
 Four “wheels”/group: anything round you can find to use as wheels! Bottle caps are one easy material; although 

they don't have the best traction so may need to be used on short carpet. For best results, use actual wheels for 
the front. 

 Strong tooth picks or barbeque skewers: these are used as the axle for the front wheel.  
 One Two-Position Switch/group: these have three pins.  
 Wire to connect the batteries to the switch to the motors. 
 2 Popsicle sticks/group: used to attach the front wheel axle to the base of the car.  
 A Hot Glue Gun and glue: Use the Hot Glue Gun with caution! 
 Wire Clippers/Scissors 
 Found materials (e.g. parts from VCR’s, walkmans); servo motors, motors with existing gearboxes, logo or 

meccano-type building materials are not allowed 
 Rulers (optional but helpful) 
 Bulldog clips, or something to “clamp” down 
 A Drill Press or Something sharp to make a hole. NOTE: the EIR should drill the holes ahead of time before 

visiting the classroom. Students are not permitted to drill the holes themselves 
 

 
 
 
 
 



- 79 – 
Engineer-in-Residence Program Guide 

 
 

PREP  
 
Photos and details of this project are available online:  
http://www.instructables.com/id/The-Simplest-House-Hold-Objects-Robot/#step1 
 
Drill or punch holes in the “wheels” for each robot. Each group will need 4 wheels. The hole size should match the size of 
the shaft of the motor. It’s okay if it’s a little off-- hot glue will fix it later. Once you have drilled both of the back wheels, drill 
your front wheel of choice. Ideally, the front wheels are actual wheels, but you can use anything round! Test the whole of 
the front wheel by putting a tooth pick in -- make sure it is not too tight. If it's too tight, it won't roll. You should have three 
wheels per group with some sort with a hole in the middle of each.  
 

HOOK  

Show the class a robot that you built ahead of time. Explain what it does and how you built it. 
 
DEVELOPMENT  

We rely on various machines and robots everyday. This lesson is an introduction to building robots. Some of 
the students may want to try building other robots at home, and there are a lot of free instructions on the 
internet for building amateur robots. 

 
APPLICATION  

Randomly divide the class into groups of 3 people. 

1. Add Wires to the Motors 

Give 2 motors of equal sizes to each group, and four lengths of wire that are 8 inches long. If the motors already have 
wires connected to them that are about 5 inches long, you’re all set. If not, you’ll need to add some. It's great if you can 
use the same two colours of wire on each motor (i.e. red and black on each motor or blue and white) so you don't get 
them mixed up later on. Wrap the end of each wire on the small metal leads. Make sure you make a connection between 
the wire and the leads. Squeeze it tight so it's connected. Now, use your hot glue gun and glob some glue on top of the 
connections between the wires and the leads. Once it dries, connect each end of the wire to a battery and make sure the 
motor moves. Ensure that there is a good connection. 

 

2. Attach the Wheels! 

We want to connect the wheels to the motors. First, insert a toothpick or wooden skewer through the axel of your front 
wheel, and set it aside (this one is not turned by the motor). Next, position the toothpick shaft inside the hole in one of the 
back wheels. Leave enough length in the shaft to ensure that the wheel will not be rubbing on the motor. Once you have it 
positioned to your liking, put a dab of hot glue on the shaft poking through the hole. This should secure the wheel to the 
motor and it should not move without moving the motor.  
 
Once you have both of the back wheels done, set them aside and grab your toothpicks, hot glue gun, and Popsicle sticks. 
First cut the Popsicle sticks according to your wheel size. Measure from the center of your wheel to the outside of the 
wheel. Double that number and cut 4 Popsicle sticks to that length. Once you have those four, get one person to hold your 
toothpick straight up and down. Grab two of the Popsicle stick pieces and position them like this: 
 

 

The Popsicle sticks should be in an L shape, with the toothpick/skewer in the crook. Glue it together and wait for them to 
dry. Now put the front wheel on the long part of the toothpick. DON"T FORGET TO PUT ON THE WHEEL! Then repeat 
what you did on the opposite side. The front wheel should look like this: 
 

http://www.instructables.com/id/The-Simplest-House-Hold-Objects-Robot/#step1
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3. Attach the Motors to the Base 

Line up your motor with the wheel where you want to put it. Use pencil to mark where the wires will be going through the 
base. Use scissors to cut out the area that you marked. Now, grab both of your motors and a battery. By reversing the 
wires going to the battery (+ and -), determine which way the motor turns and mark on a piece of paper or something 
which wire (ie, red, blue, etc.) goes to the + of the battery and which goes to the -. Once that is finished and you know 
which way to put your motors, put them in the holes you cut and feed the wires through the holes. Glue it in place, 
securing both sides of the motor so it doesn't fall off. It should look something like this: 

 

 

4. Attach the front wheel to the base 

Set the four legs of the front wheel onto wherever you want it on the base. Then put some hot glue on that and let it dry.  

 
5. Wiring 
You‘ll need your battery holder and the switch. The battery holder has two metal leads on it near the bottom. There is a 
positive lead and a negative one. The negative one goes directly to the negative wire of your motor. You can go use two 
pieces of wire and glue one to each lead on the battery holder. Once you have them on there with hot glue, glue the 
holder to the top surface of the base.  
 
The switch has three leads coming out of the bottom of it, like so: 

 
 
The top black part of the switch (that you move) is connected to the large conductive piece. When you move the switch to 
the left or right, you are connecting either the left two leads or the right ones, allowing electricity to flow through it. In order 
to control the electricity going to the motors, we need to put the positive wire coming from the battery holder to one of the 
end leads. We also need the motor connected to the middle lead. Put your battery on the far right lead. When the switch is 
to the left, it is connecting the motor to nothing, so it will not run. But when it is to the right, it connects to the battery which 
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supplies electricity, and both motors move.  
 
Connect all the wires by twisting them together and then putting some hot glue on the connections. This diagram shows 
where the wires go: 

 
 

CLOSURE  
Have each group demonstrate their robot for the class. Ask students to turn to the person next to them, and 
tell them what they liked most about the lesson, and one thing that they found to be challenging or confusing. 
 

! 
CAUTION 
Do not purchase glue guns from dollar stores. They are a safety concern and not 
recommended by STAO (Science Teachers Association of Ontario) or OCTE (Ontario 
Council of Tech Educators).  
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31. BLUE BOX FRANKENTOY  
 

GRADES   4-9 LESSON DESCRIPTION 

Design and build an interesting toy from recyclable materials.  
 
Note: This is an activity that is fun for almost any age, but we 
recommend grades 4-9. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking 
Communication 
Team-Building Skills PREPARATION TIME Time Varies 

LESSON DURATION 75 minutes 
 

STRAND  

Technological Education 

Grade 9 
Exploring Technologies, 
Grade 9 Open   
 A. Technological Design Fundamentals 
 B. Technological Skills 
 C. Technology, Environment & Society 

See supplementary document Ontario Curriculum Alignment for Engineer-in-Residence Secondary Classroom Activities: 
Science and Technological Education for relevant overall and specific expectations. 
 

MATERIALS STUDENT MATERIALS 

-found materials 

-duct tape 
-glue 

-string 
-needles and thread 
 

HOOK  

Show these photos of Frankentoys that other people have made: 
https://www.pinterest.com/melleny/frankentoys/ 

Bring an example of a toy, gadget, container, backpack, musical instrument, or other contraption that was 
built using recovered or recycled materials. 

 
DEVELOPMENT  

tŜƻǇƭŜ Ŏŀƴ ǳǎŜ ǊŜŎȅŎƭŜŘ ƻǊ ǊŜǇǳǊǇƻǎŜŘ ƳŀǘŜǊƛŀƭǎ ǘƻ ōǳƛƭŘ ŀƭƭ ǎƻǊǘǎ ƻŦ ǘƘƛƴƎǎ όŜΦƎΦ άhƴŜ ƳŀƴΩǎ ǘǊŜŀǎǳǊŜ ƛǎ 
ŀƴƻǘƘŜǊ ƳŀƴΩǎ ƧǳƴƪέύΦ ¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ƛƴǾƻƭǾŜ ŘŜǎƛƎƴƛƴƎ ŀnd building a superhero that will help fight 
climate change. 

As a group, make a list of some qualities that this super hero might possess (e.g. it eats carbon dioxide, it can 
refreeze polar icecaps, etc.) 

Vocabulary: 

¶ Up-cycling 

¶ Repurposing 

¶ Frankentoy 

¶ Reuse 

¶ Recycling 

¶ Climate change 

¶ Greenhouse gas 

¶ TerraCycling 

 

 

https://www.pinterest.com/melleny/frankentoys/
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APPLICATION  

Teams of 2-3 students will design a superhero to help fight climate change using recyclable materials. They will 
create a one-page report detailing how the toy fights climate change, ŀƴŘ ǿƘȅ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜŎȅŎƭŜ ŀƴŘ 
reduce waste. The toys are graded on their overall ingenuity, appearance, safety and effectiveness. 

Students are given 10 minutes to design their superhero, and 25 minutes to build/name their toy and write 
their report. Each team will present their superhero and explain how it fights climate change. 

 
CLOSURE  

Explain some creative ways άtrashέ is converted into useful or artistic items, have students think about why 
reusing and up-cycling waste materials is becoming more and more important, and encourage them to do 
their own research on ways to up-cycle household items . Most schools have a sustainability, environmental or 
4-H clubs. 

 

TIPS  
 

 Superheroes can be displayed in the school with their description.  
 LŦ ȅƻǳΩǊŜ ǿƻrking with a group of older students, you can extend this activity over 2 or more lessons, 

adding animatronics components or LED lights for a technological challenge. 
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32. PAPER AIRCRAFT COMPETITION  

 

GRADES   9, 11 and 12 LESSON DESCRIPTION 

Students will research, design and build their own aircraft using paper, 
weights and glue to compete in a time-in-the-air competition. A mixture 
of theory and experimentation that teaches some basics of 
aerodynamics, energy conservation and experimental methodology.  

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Thinking and Investigation  
Team-Building Skills 

PREPARATION TIME 30 minutes  

ACTIVITY DURATION 75 minutes 
 

STRAND   STRAND  

Physics  Transportation Technology 

Grade 9, 11 & 12 Courses  Grade 9, 11 & 12 Courses 
Physics, 
Grade 11 University   
 C. Forces 
 
Physics, 
Grade 12 University   
 B. Dynamics 

 
Physics, 
Grade 12 Open   
 B. Motion and its Applications 
 
 

  
See supplementary document Ontario Curriculum 
Alignment for Engineer-in-Residence Secondary 
Classroom Activities: Science and Technological 
Education for relevant overall and specific 
expectations. 

 

MATERIALS STUDENT MATERIALS 

 typing paper 
 modelling clay 
 balsa sticks 

 tissue paper  
 plastic straws 
 scissors 

 glue 
 newsprint paper or Manila envelopes 
 Computer (Internet) or books for researching designs 

 

HOOK  
 

Show this video about the Wright Brothers and the history of the airplane: 
http://www.history.com/topics/inventions/wright-brothers 
 
Ask: 
What were the factors mentioned that defined an “airplane”? 
What are the three axes that need to be controlled on an aircraft? 
What designs found in nature inspired early inventors to build flying machines?  
How have airplane designs advanced over time? 
 

DEVELOPMENT  
Using visual examples, explain the basics of aerodynamics that illustrates flight, stalls and stability. It may also be 
beneficial to build and bring in some examples of non-standard paper aircrafts built with multiple parts using glue, or those 
constructed with origami folding techniques. If you don’t have the time to build the examples, try and find some on the 
internet to show to students. Several books on paper airplanes, such as those by Norman Schmidt (a professional glider 
Pilot), may be helpful to bring to the classroom for students to look at. There are plenty of other books on origami-based 
designs, and “interceptor” aircrafts, airplanes modeled after birds, and designs with a straw fuselage that can inspire 
students’ creativity.  

TIP: Incorporating artistic and nature-inspired designs will help to engage different types of students.  

 

Vocabulary: 
 Lift, drag, thrust 
 Yaw, pitch, roll, and stall 
 Airfoil 

 Nose, tail, wings, fuselage, and cockpit 
 Streamline 

 

 

 

http://www.history.com/topics/inventions/wright-brothers
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APPLICATION  
 
Propose two design challenges, and allow students to decide which one they would like to chose. 

1. Design and build the most creative or uniquely-designed flying machine. This machine must be able to fly 
a minimum of two meters, and will be evaluated on creativity, appearance, and flying ability. 

2. Build an airplane that will fly the farthest distance. 
 
 
Divide students into teams of two within the challenge they have chose. Distribute materials to each team (several types 
of paper such as typing paper, tissue paper, newsprint, Manila paper and/or onion paper, scissors, glue, plastic straws, 
modeling clay and balsa sticks).  
 
Give each team 20 minutes to research and design their aircraft, and 15 minutes to build it. Help students by giving 
feedback and critique on their designs. Encourage students to experiment with different designs. 
 
Challenge #1: Have each team from challenge #1 present their flying machine and demonstrate how well it flies. Students 
from challenge #2 will vote for their favourite. 
 
Challenge #2: draw a line on the ground in an open space, and each team will take a turn throwing their airplane. The 
airplane that flies the farthest is the winner. 
 

CLOSURE  
Ask students:  

 Why do they think the wining designs were most successful?  
 If they had to design another aircraft, what would they do differently and why? 
 What parts of the plane provided lift, reduce drag, and make the plane fly efficiently once thrust (by 

throwing/launching) is added?  
 What surprised you about this activity?   

 
 
This activity should inspire students who do not think of themselves as engineers to become more enthusiastic and 
knowledgeable about using their design skills to create better paper models that fly.   
 
 
 

TIPS 
 

 Students can also do research for their designs outside of class.  

 Have the students stand on a desk or chair (making sure this is safe) to throw their aircraft. 

 Balsa sticks provide the rigidity to make robust larger aircraft. Paper on its own when rolled tightly is too 
heavy for strutting and if rolled loosely, is not very rigid. 

 Larger, lighter, longer wingspan aircraft will fly farther than smaller folded units.  

 Try to encourage students to move beyond the simpler, smaller folded paper aircraft designs (though these 
are fine for younger students). 

 This activity can be adapted for grade six 

 Mention how engineers today design aircrafts, and connect students with local flying organizations and 
university aviation clubs if there is interest. 
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33.  I NTERNET AND EMAIL  
 

GRADES   11 and 12 LESSON DESCRIPTION 

A simulation designed to show the underlying structure and methods of 
communication on the Internet. 

ASSESSMENT CATEGORIES 

Knowledge and Understanding 
Application 

PREPARATION TIME Time Varies 

ACTIVITY DURATION 60 minutes 
 

STRAND   STRAND  

Business Studies  Technological Education 

Grade 11 & 12 Courses  Grade 11 & 12 Courses 
Information and Communication Technology: The Digital Environment, 
Grade 11 Open   
 Digital Literacy 
 
Information and Communication Technology: Multimedia Solutions, 
Grade 12 College  
 The Electronic Business Environment 
 
Relevant business studies expectations for this activity can 
be found in the supplementary Ontario curriculum alignment 
document: Ontario Curriculum Alignment for Engineer-in-
Residence Secondary Classroom Activities: Science and 
Technological Education. 

 Technological Engineering Technology, 
Grade 11 University/College  
 Computer Technology Fundamentals 
 
Technological Engineering Technology, 
Grade 12 University/College  
 Computer Technology Fundamentals 
 
See supplementary document Ontario Curriculum 
Alignment for Engineer-in-Residence Secondary 
Classroom Activities: Science and Technological 
Education for relevant overall and specific 
expectations. 

 

MATERIALS STUDENT MATERIALS 

 A prepared list of student names, ǿƛǘƘ ǘƘŜƛǊ ΨƪƴƻǿƴΩ ƴŀƳŜǎ ǳƴŘŜǊƴŜŀǘƘ ς an example set is attached for 26, 
25 and 16 students 

 "Email" messages (2-5 per student) with destination name or address clearly indicated at the top  
 Names attached to desks  
 

HOOK  

Show this short video about the history of the internet: https://www.youtube.com/watch?v=h8K49dD52WA 
Ask students how people used to get by without the internet (snail mail, etc.). 

 
DEVELOPMENT  

Everyone uses ŜƳŀƛƭΣ ōǳǘ Ƴŀƴȅ ǇŜƻǇƭŜ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŘŜƭƛǾŜǊŜŘΦ  /ƻƳǇǳǘŜǊǎ ǳǎŜ 
άalgorithmǎέ ǘƻ ŜȄŜŎǳǘŜ ǾŀǊƛƻǳǎ ǘŀǎƪǎΦ !ƭƎƻǊƛǘƘƳǎ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ Ψŀ ǎŜǘ ƻŦ ƛƴǎǘǊǳŎǘƛƻƴǎΩ ƻǊ ŀ ǇǊƻŎŜŘǳǊŜ 
that lets the computer know the best method of accomplishing a task. This activity explores a simple algorithm 
for delivering email. 

 
Vocabulary: 
 Iteration 
 Algorithm 

 
APPLICATION  
 
Stage One - Basic Email Delivery 
 
This stage answers the question: How does an email get delivered when the place you are sending it from 
doesn't know the final destination?  

https://www.youtube.com/watch?v=h8K49dD52WA
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For this stage, use the example set for 16, 25 or 26 students, or prepare your own for a different number of 
students. For older grades, using alternative names (such as suggested in the example set) is more challenging 
ŀƴŘ ŦǳƴΦ CƻǊ ƭƻǿŜǊ ƎǊŀŘŜǎ ǳǎŜ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŀŎǘǳŀƭ ƴŀƳŜǎΦ 
 
In this simulation, each student plays the role of an email server. They get a piece of paper with their name at 
the top (representing their email address) and a list of names below (representƛƴƎ ǘƘŀǘ ǎǘǳŘŜƴǘΩǎ ŘŜǎǘƛƴŀǘƛƻƴǎ 
ƛΦŜΦ ǘƘŜ ƻǘƘŜǊ ŀŘŘǊŜǎǎŜǎ ǘƘŀǘ ǘƘŜȅΣ ŀǎ ŀƴ ŜƳŀƛƭ ǎŜǊǾŜǊΣ ΨƪƴƻǿΩ ƻŦ ŀƴŘ Ŏŀƴ ǘƘŜǊŜŦƻǊŜ ŘŜƭƛǾŜǊ ŘƛǊŜŎǘƭȅ ǘƻύΦ ¢ƘŜ Ŏƭŀǎǎ 
ŀǎ ŀ ǿƘƻƭŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ LƴǘŜǊƴŜǘΣ ŀƴŘ ǿƛƭƭ ōŜ ŀǘǘŜƳǇǘƛƴƎ ǘƻ ŘŜƭƛǾŜǊ ΨŜƳŀƛƭǎΩ ǘƻ ǘƘŜƛǊ Ŧƛƴŀƭ ŘŜǎǘƛƴŀǘƛƻƴΦ  
 
Make sure every student area (desk, chair, or computer) is labelled with their name. Give each student their 
list of destinations and explain the rules for delivery.  
 
The rules for delivery are as follows:  
 

1. You may only deliver an email message addressed to someone who is on your list. Each message can 
ōŜ ǘŀƪŜƴ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŀǘ ǎǘǳŘŜƴǘΩǎ ŘŜǎƪ, at which point it becomes a completed delivery. 

 
2. If ŀ ƳŜǎǎŀƎŜΩǎ ƴŀƳŜκaddress is not on your list ƛǘ ƛǎ Ψƴƻǘ ǳƴŘŜǊǎǘƻƻŘΦΩ 5eliver it instead to the first 

name on your list.  
 

3. This process continues until the delivery is complete. Depending on the situation, the number of hops 
can vary from 1 to 7. 

 
Do a couple of trial runs using any message and the above delivery rules. Once students understand, give each 
student 2-5 messages to be delivered. You can expect chaos for a while and a number of students will be 
confused and need extra direction. Everyone usually gets it after one or two assisted deliveries.  
 
 
Ask the students: 
 
How efficient is this method of delivery? 
How would you improve this algorithm? 
 
This activity works if, and only if, everyone is present.  Complications therefore arise if someone is absent. 
Here is how to handle absences: 
 

1. Mail addressed to this person cannot be delivered; therefore, the person delivering the message 
should hold onto it until the end of the round. This is the same as with the Internet ς where nodes 
will hold messages for specified periods of time and will retry delivery at regular intervals. 

 
2. For one student, the absent person will be the first name on their list (i.e. the address to deliver 
Ƴŀƛƭ ǘƻ ǿƘŜƴ ǘƘŜȅ Ŏŀƴƴƻǘ ŘŜƭƛǾŜǊ ƛǘ ŘƛǊŜŎǘƭȅύΦ ¢Ƙƛǎ ǎǘǳŘŜƴǘ ǎƘƻǳƭŘ ƛƴǎǘŜŀŘ ǎŜƴŘ ǘƘŜƛǊ Ψƴƻƴ-
ǳƴŘŜǊǎǘƻƻŘΩ ƳŜǎǎŀƎŜǎ ǘƻ ǘƘŜ ǎŜŎƻƴŘ ƴŀƳŜκŀŘŘǊŜǎǎ ƻƴ ǘƘŜƛǊ ƭƛǎǘΦ 

 
 
Stage Two - Iterations 
 
If stage one delivery were continued, network growth would mean the volume of mail would quickly become 
intolerable, as each message would be handled a large number of times. This simulation stage demonstrates 
Ƙƻǿ ǘƘŜ ƛƴǘŜǊƴŜǘ άƭŜŀǊƴǎέ to overcome this. 
 
To run the second simulation each student will need a copy of the sample form that allows them add new 
addresses to their delivery list. It is recommended that the instructor first run a few demonstrations as this 
simulation can be complicated.  
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Take any student and any message:  
 

1. Can the message be delivered directly to the recipient (according to the rules in stage one)?   
2. If yes, then delivery proceeds exactly as it would in the first stage. 
3. If no, then take the message to the first address on your list, as per stage one. Leave the message 

there but look at the address list for that person.  
a. Can that person directly deliver the message to its intended recipient?  
b. If yes ς go back to your desk and complete the form (sample below).  
c. If no ς note the first address that that person had on their list. Go back to your desk and 

complete the form. 
 
Sample Form:  
 

 
For _____________ send message to _______________, _______________, _______________. 

 
 
An example would play out as follows:  
 
Delta has to deliver a message to Foxtrot, but Foxtrot is not on her list.  
Instead Mike is the first address on her rules list.  Delta goes to Mike's desk and looks at his list.  
 
Scenario 1: Mike has Foxtrot on his list.  

The form would be completed as:    For  Foxtrot  send message to  Foxtrot , __________, ___________.  
Scenario 2: Mike does not have Foxtrot on his list, and Romeo is the alternate address.   

The form would be completed as:    For  Foxtrot  send message to  Romeo , __________, ___________. 
 
The next time the student has a message for Foxtrot, they would take it directly to Romeo, and repeat the 
process. By repeating the process for each new message for Foxtrot, eventually the student will find a direct 
link to Foxtrot, and therefore be able to deliver to Foxtrot directly.   

 
CLOSURE  
 

9ŀŎƘ ǎǘǳŘŜƴǘ ǿƛƭƭ ǿǊƛǘŜ ŀƴ άŜƳŀƛƭέ ǘƻ ǘƘŜ ŦƛǊǎǘ ǇŜǊǎƻƴ ƻƴ ǘƘŜƛǊ ƭƛǎǘΣ ŜȄǇƭŀƛƴƛƴƎ ǿƘŀǘ ǘƘŜȅ ŦƻǳƴŘ Ƴƻǎǘ ƛƴǘŜǊŜǎǘƛƴƎ 
about the lesson, what they learned, and anything that they found confusing. Students can also include any 
thoughts or ideas on how the efficiency could be improved upon. After students read the message that is 
delivered to them, they will deliver the message to you. 
 

 

TIPS  
 
 This activity works perfectly with Unit 3 of the Grade 9 Business Technology course.   
 Each simulation will be chaotic ς ǎǘǳŘŜƴǘǎ ǎƘƻǳƭŘ ƴƻǘŜ ǘƘƛǎ ǊŜŀƭƛǎǘƛŎŀƭƭȅ ŘƛǎǇƭŀȅǎ ǘƘŜ LƴǘŜǊƴŜǘΩǎ ŎƘŀƻǘƛŎ 

nature. 
 Be prepared for lots of questions!  
 If possible provide introductory or closing remarks about real world use of the Internet, and explain the 

following: Although in the description of this simulation the names are represented as email addresses, 
and the messages as emails, this scenario can actually represent any part of the Internet communication 
systems. Whether the message is an email or a chunk of a web page, the same basic process is used. For 
example, if you type in a web page address for the first time in your browser, the local ISP (web server) 
may not understand the address. It turns the web address into IP form, and then goes to their designated 
alternatiǾŜ όƛΦŜΦ ǘƘŜ ŦƛǊǎǘ ƴŀƳŜ ƻƴ ǘƘŜ ƭƛǎǘ ƛƴ ǘƘŜ ǎŎŜƴŀǊƛƻύ ŀƴŘ ŎƘŜŎƪǎ ǘƘŜǊŜΦ LŦ ǘƘŀǘ ǎŜǊǾŜǊ ŘƻŜǎƴΩǘ ƪƴƻǿ ƛǘ 
passes it onto their designated alternative, etc. Ultimately, a server out there will know the new address 
and can interpret it.  
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List for 26 Students   

Alpha Bravo Charlie Delta Echo Foxtrot Golf Hotel 

Juliette Kilo Lima Mike November Oscar Papa Quebec 

Sierra Tango Uniform Victor Whiskey X-Ray Yankee Zulu 

Papa Quebec Romeo Sierra Tango Uniform Victor Whiskey 

X-Ray Yankee Zulu Alpha Bravo Charlie Delta Echo 

Hotel India Juliette Kilo Lima Mike November Oscar 

Delta Echo Foxtrot Golf Hotel India Juliette Kilo 
 

India Juliette Kilo Lima Mike November Oscar Papa 

Romeo Sierra Tango Uniform Victor Whiskey X-Ray Yankee 

Alpha Bravo Charlie Delta Echo Foxtrot Golf Hotel 

X-Ray Yankee Zulu Alpha Bravo Charlie Delta Echo 

Foxtrot Golf Hotel India Juliette Kilo Lima Mike 

Papa Quebec Romeo Sierra Tango Uniform Victor Whiskey 

Lima Mike November Oscar Papa Quebec Romeo Sierra 
 

Quebec Romeo Sierra Tango Uniform Victor  Whiskey X-Ray Yankee Zulu 

Zulu Alpha Bravo Charlie Delta Echo  Foxtrot Golf Hotel India 

India Juliette Kilo Lima Mike November  Oscar Papa Quebec Romeo 

Foxtrot Golf Hotel India Juliette Kilo  Lima Mike November Oscar 

November Oscar Papa Quebec Romeo Sierra  Tango Uniform Victor Whiskey 

X-Ray Yankee Zulu Alpha Bravo Charlie  Delta Echo Foxtrot Golf 

Tango Uniform Victor Whiskey X-Ray Yankee  Zulu Alpha Bravo Charlie 
 

List for 25 Students   
Alpha Bravo Charlie Delta Echo Foxtrot Golf Hotel 

India Juliette Kilo Lima Mike November Oscar Papa 

Sierra Tango Uniform Victor Whiskey X-Ray Yankee Alpha 

Kilo Lima Mike November Oscar Papa Quebec Romeo 

X-Ray Yankee Alpha Bravo Charlie Delta Echo Foxtrot 

Echo Foxtrot Golf Hotel India Juliette Kilo Lima 

Charlie Delta Echo Foxtrot Golf Hotel India Juliette 
 

India Juliette Kilo Lima Mike November Oscar Papa 

Quebec Romeo Sierra Tango Uniform Victor Whiskey X-Ray 

Bravo Charlie Delta Echo Foxtrot Golf Hotel India 

Sierra Tango Uniform Victor Whiskey X-Ray Yankee Alpha 

Golf Hotel India Juliette Kilo Lima Mike November 

Mike November Oscar Papa Quebec Romeo Sierra Tango 

Kilo Lima Mike November Oscar Papa Quebec Romeo 
 

Quebec Romeo Sierra Tango Uniform Victor Whiskey X-Ray Yankee 

Yankee Alpha Bravo Charlie Delta Echo Foxtrot Golf Hotel 

Juliette Kilo Lima Mike November Oscar Papa Quebec Romeo 

Bravo Charlie Delta Echo Foxtrot Golf Hotel India Juliette 

Oscar Papa Quebec Romeo Sierra Tango Uniform Victor Whiskey 

Uniform Victor Whiskey X-Ray Yankee Alpha Bravo Charlie Delta 

Sierra Tango Uniform Victor Whiskey X-Ray Yankee Alpha Bravo 
 

List for 16 Students 

Alpha Bravo Charlie Delta Echo Foxtrot Golf Hotel 

Hotel India Juliette Kiloe Lima Mike November Oscar 

Kilo Lima Mike November Oscar Papa Alpha Bravo 

Oscar Papa Alpha Bravo Charlie Delta Echo Foxtrot 

Charlie Delta Echo Foxtrot Golf Hotel India Juliette 
 

India Juliette Kilo Lima Mike November Oscar Papa 

Papa Alpha Bravo Charlie Delta Echo Foxtrot Golf 

Charlie Delta Echo Foxtrot Golf Hotel India Juliette 

Golf Hotel India Juliette Kilo Lima Mike November 

Kilo Lima Mike November Oscar Papa Alpha Bravo 
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