(De)Construct My Technology

Grade Level/Course Code: Grade 8 

Strand(s) and Unit(s): Understanding Structures and Mechanisms: Systems in Action; Understanding Matter and Energy: Fluids

Overview 

Students will learn to describe mechanisms and how to reverse engineer (deconstruct or dissect) a technology of their choice and present it as a poster. I would not suggest other forms at this point because the poster can be easily accessed in the classroom as an exemplar for following years and provides a high level of proof that an actual technology has been explored rather than a compilation of  virtual dissections. They will complete a case study of a business enterprise that solves a developing world social issue for women and girls. Students will then consider how to make a better world through an innovation or invention they identify and create a potential business which they will present in a Dragon Den style format to the class and potentially to the Dragon Den.

Inquiry Focus 
Key Words: Product, service, input, output, forces, energy changes, components, materials, lifecycle, benefits, drawbacks, optimization, design, ergonomics, 1st law of thermodynamics.

Key Questions
What is the function of the technology?
Why is this technology (could be a product or service) designed and made this way? 
How does it serve a purpose for benefitting humans, other living things and the environment? 
What are the benefits and drawbacks of this technology? 
What is the true cradle to grave lifecycle of this technology so we can fully evaluate the cost of its use?

Timeline
2-3 periods for teacher directed learning about how to analyse technologies, safety considerations in deconstruction, life cycles and the marking rubrics and their interpretation. 

The student inquiries, part 1 (deconstruct), part 2 (business case study) and part 3 (invent or innovate) could be done in 2-3 50 minute periods each. 

A ½ period gallery walk for the posters is the most efficient way to share the dissection poster product. 

A student made video presentation for the last part is the most efficient class time way to present their own designed technologies, although student presentations in class is the most fun and provides students with presentation experience.

Big Ideas
Technology can be a product or a service[footnoteRef:-1] to meet human needs and wants (this one focuses on products). Technologies have benefits and drawbacks that are optimized on very complex competing priorities including aesthetics, costs of materials and manufacturing and other values such as profit, worker needs, environmental concerns and life cycle consequences. The laws of thermodynamics apply to all technologies. [-1:  P4 Ontario Curriculum, Science and Technology 2007.] 


Overall Expectations
From Systems: 
1. assess the personal, social, and/or environmental impacts of a system, and evaluate improvements to a system and/or alternative ways of meeting the same needs;
2. investigate a working system and the ways in which components of the system contribute to its desired function;
3. demonstrate an understanding of (different types of) systems and the factors that contribute to their safe and efficient operation.

From Fluids: 
1. analyse how the properties of fluids are used in various technologies, and assess the impact of these technologies on society and the environment (if relevant).

Specific Expectations 
From Systems: 
1.1 assess the social, economic, and environmental impacts of (automating) systems;
1.2 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;
2.1 follow established safety procedures for working with apparatus, tools, materials, and electrical systems;
2.4 use technological problem-solving skills to investigate a system that performs a function or meets a need;
2.5 investigate the information and support provided to consumers/clients to ensure that a system functions safely and effectively;
2.6 use appropriate science and technology vocabulary, including mechanical advantage, input, output, friction, gravity, forces, and efficiency, in oral and written communication;
2.7 use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with different audiences and for a variety of purposes;
3.7 explain ways in which mechanical systems produce heat, and describe ways to make these systems more efficient;
3.9 identify social factors that influence the evolution of a system;
3.2 identify the purpose, inputs, and outputs of various systems.

From Fluids: 
1.1 assess the social, economic, and environmental impacts of selected technologies that are based on the properties of fluids; 
2.6 use technological problem-solving skills (see page 16) to design, build, and test devices (that use pneumatic or hydraulic systems).

From Geography: 
B1.3 assess the effectiveness of various programs and policies aimed at improving the quality of life in various countries; 
B2.5 evaluate evidence and draw conclusions about issues related to global development and quality of life; 
B3.3 demonstrate the ability to analyse and construct scatter graphs, both on paper and using a graphing program, when studying global development and/or quality of life. 
From Language:

Listening and Speaking:
2.2 demonstrate an understanding of appropriate speaking behaviour in most situations, using a variety of speaking strategies and adapting them to suit the purpose and audience;
2.3 communicate in a clear, coherent manner, using a structure and style appropriate to the purpose, the subject matter, and the intended audience;
2.7 use a variety of appropriate visual aids.
Reading:
1.7 analyse a variety of texts, including complex or difficult texts, and explain how the various elements in them contribute to meaning and influence the reader’s reaction;
2.3 identify a variety of text features and explain how they help communicate meaning.

Writing:
1.3 gather information to support ideas for writing, using a variety of strategies and a wide range of print and electronic sources;
1.5 identify and order main ideas and supporting details and group them into units that could be used to develop a summary, a debate, or a report of several paragraphs, using a variety of strategies;
1.6 determine whether the ideas and information they have gathered are relevant, appropriate, and sufficiently specific for the purpose, and do more planning and research if necessary;
3.8 produce pieces of published work to meet identified criteria based on the expectations.

Media Literacy:
2.1 explain how individual elements of various media forms combine to create, reinforce, and/or enhance meaning;
3.4 produce a variety of media texts of some technical complexity for specific purposes and audiences, using appropriate forms, conventions, and techniques.

Key Concepts 
· The first law of thermodynamics basically states that energy is conserved; it can neither be created nor destroyed, just changed from one form to another. The energy in a system can do work, be converted to heat energy and sound energy, but you always have the same total amount of energy that you started with 
· Technology is a product or service that has at its fundamental goal to meet human needs and wants more efficiently or comfortably. 
· Technological Design is the process of invention or innovation and is about making new or more efficient products or services that will also have less negative impacts on humans and the environment and be more sustainable than currently available products.

Prior Skill Sets 
· Able to identify how components are connected together physically (glue, tape, screw, rivet, nut and bolt, latch and catch, friction) so that technologies can be taken apart.
· Able to search for YouTube tear-down or analysis videos or find exploded view diagrams for their technology product. For example: https://www.youtube.com/watch?v=0s_zg4_DZp8 
· Safe use of tools for deconstruction and construction of products (see STAO’s Safety in Elementary Science and Technology, resource for planning and teaching safety stao.ca/res2/unifElemSafety/document.pdf ).
· Presentation skills to present and pitch their product.

Prior Knowledge 
· Know the 1st law of Thermodynamics.
· Be able to identify energy inputs, energy outputs, amount of work done, energy losses to friction, sound and heat.
· Be able to identify kinetic and potential energy and their transformations (including losses to heat and sound or friction) in a machine.
· Be able to identify and make use of simple machines and electrical circuits to create a new or improved machine (grade 4 and grade 6).

The following are some suggestions for accessing prior knowledge.

Topics to Review, Learn or Teach
Theoretical underpinnings for work and energy

· 1st law of Thermodynamics, Energy types and work
· Review energy types they have learned over the past 6 years
· Teach 1st law of Thermodynamics and commit basic tenet to memory
· Work is a conversion of energy from one form to another more useable form; if by a machine, the machine can be called a technology. 
· Brainstorm machines/technologies and how they are all about energy transformations.
· Work is Force x distance. Measured in Joules, same as energy.


Analysing a machine as a system
· Energy into a system always does not equal useable energy out. Energy losses are due to friction, seen as heat, sound and material wear.
· Assign students a thought experiment: think of any machine and identify the energy going in, the useful energy out and the wasted energy out. Suggestions could include very complex machines like a car or bicycle, any musical instrument, a personal electronic device, or simpler machines like a pencil, a drill bit, a key and lock, or a saw.
· Show how the 1st law of Thermodynamics holds in a variety of machines, energy in = useful energy out + wasted energy out. 

Kinetic and Potential Energy
· Identify kinetic energy (moving energy) and potential energy in systems and when they are doing work and converting from one into another in machines. TVO offers a couple of great little 5 min animations called “Eureka” They can be found on Youtube. (Eureka #8, work, #9, Kinetic Energy and #10 Potential Energy). https://www.youtube.com/playlist?list=PLHkKvVtDaY1POHhjt5qATXsPNi7wdwD-8 
· As an example of 2 energy conversions, drop a textbook from a small height and ask students to identify the starting potential energy (gravitational), the gain (kinetic) and loss (potential) of energy as it speeds up and the conversion of moving energy (kinetic) to sound (kinetic) as it stops very quickly on the desk. If you want to make it more intuitive and energetic raise the textbook higher and see if the sound is also louder.

Energy is Needed for all Technologies to Work
· All technologies that do work for humans have to have an energy source and they always lose some energy to waste (heat, friction, sound, wear and tear). Electronic systems also have this heat waste to contend with (grade 7 learning: how to get heat to move around, conduction, convection and radiation).
· Ask students to choose any technology and identify the input(s) of energy to the product. 
· Ask students to use that same technology to identify the useful energy output and the wasted energy output in its processes. Even super-efficient Personal Electronic Devices (PEDs) get warmer with use. Depending on the size, some are more easily identified getting hot than others. If you have an infrared thermometer you can even “see” where the heat is being released, usually where the CPU of the PED is located.


Simple Machines Set the Stage
· Most complex machines are made up of multiple simple machines mated together in interesting ways to make things easier to do, or do things more accurately. The Eureka series # 11 through #15 does a really nice job of simplifying all machines down to two, the lever and wedge, from which all other machines derive their characteristics and uses. https://www.youtube.com/playlist?list=PLHkKvVtDaY1POHhjt5qATXsPNi7wdwD-8 
· Many mechanical machines are made up of simple machines, whereas electronic machines are made up of switches, wires, various types of resistors and a load (light bulb, motor) that does things when energy is flowing through it.

Input and Output
· Have students identify energy input as well as an input action that starts the process of the machine working. Similarly, identify the desired output as well as the outputs not really wanted. For example, a pencil needs the input of being pushed down and dragged across a surface in order to shear the graphite off and adhere or leave a desired output mark on the paper. The negative outputs could include ripping the paper with too much force, or not enough force to leave a thick enough line. A laser printer does a much better job of making consistent marks on paper, but needs a computer input and uses a lot of heat to bond the pigment to the paper.

Components
· These are the parts and simple machines or circuits that allow the machine to carry out its function. A pencil has a graphite shaft and a wooden or other tube-like container to protect the graphite and allow it to be held without breaking (try to write with a 5 mm graphite from a refill package). Some pencils also have an eraser and an eraser holder. Mechanical pencils have even more components. Electrical circuits have as their components energy sources, switches, wires and various resistors and a load to make things happen. For example, a vibrator in a phone is an electric motor hooked up to a small disc slightly off centre and is triggered by a switch in a circuit controlled by a resistor.

Product Life Cycles
· The EPA has a good example of the life-cycle of a cell phone, although somewhat dated style wise, and with an accompanying more up to date info-graphic of cell phone impact on the environment
https://nepis.epa.gov/Exe/tiff2png.cgi/P100CAA7.PNG?-r+75+-g+7+D%3A%5CZYFILES%5CINDEX%20DATA%5C00THRU05%5CTIFF%5C00001780%5CP100CAA7.TIF 
and
https://www.epa.gov/sites/production/files/2015-06/documents/smart_phone_infographic_v4.pdf  
and a very up to date poster on the life cycle of a soccer ball https://www.epa.gov/sites/production/files/2015-09/documents/the_life_of_a_soccer_ball.pdf 
A referenced 4th year engineering project about cell phone impact is available at http://www.appropedia.org/LCA_of_cell_phones 


Materials and Equipment 
Basic Tool Set for Deconstruction: hand drill and various bits, pliers, screwdrivers, hammer, saw, tweezers, scissors, heating method (for softening glues) and a simple watch repair screwdriver set. 

Materials for Deconstruction: A technology of interest to the student (preferably something that is not working anymore); a box or container for keeping all components; poster board, markers and hot glue as needed for making deconstructed display; Internet connection for research.

Basic Tool Set For Construction: hand drill and various bits, pliers, screwdrivers, hammer, saw, scissors, sewing needles, hot glue gun, ruler. A small table mounted vice clamp or other clamping mechanisms have been found useful where hand strength has not been enough to pull or pry apart a product.

Materials for Product Construction: clean/safe recyclable materials, hot glue, tape, screws, nuts and bolts, thread, cardboard, paper, Coroplast (a corrugated plastic), wood and other materials as available or needed for making innovative product. Paper binding clamps ¼” to 2” have proved useful for holding materials in place while fastening components together to make products.

Safety 
· Use of safety glasses during deconstruction and some parts of the construction of a product is required. 
· Knowledge of disposal procedures for broken glass, other sharps and hazardous materials as well as general clean-up will need to be taught or may need to reinforced.
· Knowledge of safe proper use of hand tools for deconstructing and construction may need to be taught or reinforced.
· Use of hot glue and heating should be done in an area prepared and dedicated for higher heat applications.
· If power tools are available, the teacher should be certified to teach with power tools and students should have demonstrated adequate skill and safe usage knowledge through a formal licensing/testing process. See http://www.ccohs.ca/oshanswers/safety_haz/woodwork/ and download SAFEdoc_DESIGN_WL.docx) for instructions and tests.


Instructional Planning and Delivery 

I have done these in this order, but you could do the case study first and then the deconstruction next for similar learning outcomes to help the students with getting into doing the invention or innovation.

Introductory Hook 
Have you ever wondered what was inside the technologies you use every day and how to make money from that? In this series of 3 activities you will be able to dissect a technology of your choice, analyse it for its components, inputs and outputs. Secondly, do a case study of a company that wants to reduce the 4 million deaths from cooking fires each year by bringing energy to everyone with cleaner fire and thermocouple technology. Finally, using what you have learned about technologies, innovate a current product or invent a product that will make the world a slightly better place and market  it to investors at the Dragon’s Den.

Lessons 
Deconstruction: Activity 1
This is the fun part, but also the most difficult to do well because different technologies will be explored by individual students. 

20 minutes review of criteria and rubric. 
100 minutes of teardown and beginning of poster making 
Completion of poster as homework
25 minute gallery walk of completed posters 

· Begin with the hook suggested earlier or by watching a YouTube video of a teardown like the most recent iPhone. https://www.youtube.com/watch?v=0s_zg4_DZp8  
· Ask students to think of a technology they have used in the past and are interested in taking apart to see how it is put together on the inside. Ideally it is something that they were planning to discard so there is no cost involved and they get a little learning out of it before disposal.
· Give students the Part 1 Technology Deconstruct assignment and rubric. Before deconstructing, go over the assignment and rubric so students will know what is expected of them.
· When they have identified and acquired their technology (cheap calculators, old keyboards, remote controls, mechanical pencils and broken three ring binders seem to be easy to access for those who can’t find their own technology) they want to deconstruct, ask them to see if they can find a breakdown or teardown video on-line to help guide them with more complex technologies.
· Having a small container to hold the components as they deconstruct their technology can help with organization and cleanup. 
· Teach/remind students about the safety and clean-up procedures in your classroom. 
· Posters can be completed at home for homework if extra time is needed. Have students go over their poster with the rubric to make sure they know if they have met all the criteria at the level they want to achieve.

Presentations:
· A gallery walk is a good way to share the knowledge across the class as well as have students ask and answer questions.
· Alternatively, students can present their technology, focussing on need for the product, input, output, components, negative environmental impact (from their life cycle analysis) and possible optimizations for the future. I gave them a max of 1 min 30 sec per presentation because with a decent poster as a prop they can easily talk for 5 minutes.

Business Models and Plans (Enrichment):
· This is an enrichment component. Biolite has an unusual business plan, but very 21st century and social justice and profit driven. It is similar to Tesla’s business plan and very unlike Google or older resource extraction companies. See http://www.toniic.com/biolite-parallel-innovation-to-spur-growth-and-impact/ for an analysis of the entrepreneur and investment side of the business.

Energy and Technology Company Case Study: Activity 2
15 min whole class exploring of Biolite website
15 min review of assignment and rubric 
50 min of research, reading and writing
Completion of assignment as homework if needed

· Ask the questions: How important is energy to us? How easily can we get the energy we need? In what ways might that be different for people in developing nations? Potentially watch the TED talk: https://www.ted.com/talks/william_kamkwamba_how_i_harnessed_the_wind to emphasize the importance of local knowledge.
· As a link to the previous activity, point out that entrepreneurs, scientists, engineers and business people are needed to bring ideas that solve technological problems to life.
· Begin by going to https://www.bioliteenergy.com/pages/mission and watch the video. Next, explore the content below as a class to see the web design (media literacy) and the rationale for their company (the data that drives their technological design). Focus on the three technologies (Cook, Charge and Light) and explain how “problems are just solutions waiting to happen”.

This is an information research component that could be done in a 50 minute period with completion of the questions as homework and then submission of the research paper on line.

Design: Invent or Innovate a Technology: Activity 3
15 min review of assignment and rubric 
50 min thinking, drawing, planning, collecting materials and 
50 or more min making their product
Finish making their product or mock up for homework or at extra help in class.

· This is the creative part of this inquiry, where they can invent or innovate a technology to solve a problem they have identified either through their deconstruction or observed in their world. 
Step 1 is usually identifying a problem or way to make a current technology better, known as innovation or inventing a whole new product to meet an identified need. For example, putting a small electric motor on a bicycle to make it easier to ride further is considered an innovation. Creating the first bicycle in 1817 is considered an invention. 
· Students should be designing (thinking, drawing and planning) on why and how they want to make the world a better place through technology. (I discouraged the “make an app” design approach as the app world is very well developed already and requires a solid foundation of programming).
· Students make their product so that it either works or is a mock up of what it would look like and can be used to describe how it works.

Student Support Resources
1. Part 1 Technology Deconstruct inquiry assignment
2. Part 2 Biolite case study assignment
3. Part 3 Invent or Innovate assignment
4. Exemplars: see end of this document

Related Background Resources and/or Links 
· Eureka videos, Youtube (I can’t find them through TVO anymore)
· GTK press STAR series, Systems in Action, http://www.gtkpress.com/systems-in-action-1 
· Nelson Science and Technology Perspectives, 2009, various parts of chapters 1-3
· Biolite https://www.bioliteenergy.com/pages/mission last accessed 2017-08-09
· EPA life cycle https://nepis.epa.gov/Exe/tiff2png.cgi/P100CAA7.PNG?-r+75+-g+7+D%3A%5CZYFILES%5CINDEX%20DATA%5C00THRU05%5CTIFF%5C00001780%5CP100CAA7.TIF last accessed 2017-08-09
· EPA infographic https://www.epa.gov/sites/production/files/2015-06/documents/smart_phone_infographic_v4.pdf last accessed 2017-08-09
· EPA soccer ball https://www.epa.gov/sites/production/files/2015-09/documents/the_life_of_a_soccer_ball.pdf last accessed 2017-08-09
· Detailed life cycle of cell phone http://www.appropedia.org/LCA_of_cell_phones last accessed 2017-08-09
· Eureka playlist Youtube: https://www.youtube.com/playlist?list=PLHkKvVtDaY1POHhjt5qATXsPNi7wdwD-8 last accessed 2017-08-09

Assessment Opportunities 
· Rubrics are included with each assignment.
· A metacognition reflection question at the completion of each assignment is to help students think about themselves as learners.

Future Opportunities / Extensions: 
Sell Your Idea “Dragon Den” Style (Enrichment)
Have students present their idea to the class and receive feedback from their peers. Because there is no “marking” of the presentation component, it is the students who will do this because they see value in their ideas. This is also a great opportunity for assessing the initiative learning skill.
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