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MTEEA Math/Science Frameworks Integration

Overview and Rationale: Why integrate math and science into 
Technology Education and Engineering courses?

After 1 year of exposure to the math-enhanced lessons, the students in the experimental classrooms performed significantly better on the TerraNova and ACCUPLACER tests of math ability. They also performed better on WorkKeys, though the difference was not significant. Furthermore, there were no differences in measures of occupational or technical knowledge—meaning that CTE students’ math skills increased without detracting from the content skills learned in their CTE courses.  (Stone et al, 2007)
WHY K-12 ENGINEERING?

What is engineering, how is it being taught in K-12 schools, and how can it support math and science learning, creativity, and innovative thinking? These and other issues are discussed in a new report from the National Academies, the first-ever look at this emerging area of K-12 STEM education.

· National
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The TeachEngineering Digital Library exists to provide teachers with the curricular materials to bring engineering into the K-12 classroom for a single day, a unit, or even an entire course - but why would a teacher introduce students to engineering in the first place? Below are some answers to that question from TeachEngineering and the K-12 engineering education community. The answers fall into two categories: 1) to improve your students' learning, and 2) to guide your students to great careers:

Improve Student Learning

· American Society of Engineering Education (ASEE) EngineeringK12 Center "The Case for K-12 Engineering"

· Engineering
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· netTrekker
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Introduce Exciting Career Paths

· Engineering

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx" 

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx"Your

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx" 

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx"Life

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx" "

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx"Why

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx" 

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx"Engineering

HYPERLINK "http://www.engineeryourlife.org/cms/whyengineering.aspx"?"
· EngineerGirl
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· Junior
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HYPERLINK "http://www.jets.org/explore/10_reasons.cfm"reasons becoming a technological thinker and leader is essential for full participation in our high-tech, global world. Exploration of engineering with K-12 learners inspires youngsters to become aware of the human-made world around them. Developing engineering habits of mind helps all people (including youth) imagine themselves as shaping the future - developing skills to address real-world challenges and creating things for the benefit of humanity and our planet. Because engineering is a natural platform for integration of multiple subjects, and evidence suggests that design as a pedagogical strategy promotes learning across disciplines, K-12 engineering curricula introduces young students to relevant and fulfilling science, technology, engineering and mathematics (STEM) futures.
Why teach K-12 engineering in your classroom?

· Shaping Our World - Engineering design, by its very nature, is a pedagogical strategy that promotes learning across disciplines. K-12 engineering curricula introduce young students to relevant and fulfilling science, technology, engineering and mathematics (STEM) content in an integrated fashion through exploration of the built world around them.

· Learning through Experience - Children learn through experiences, and the earlier we create STEM-based experiences, the better. Yes, engineering builds upon knowledge of science and math - but its impact reaches far beyond for youth, capitalizing upon their visualization and creativity skills, and integrating their knowledge and skills with their values and view of the world.

· Enhance Scientific and Mathematical Literacy - Use of the TeachEngineering lessons and activities engages students in the everyday application of science, mathematics, technology and engineering in our world to improve their understanding of fundamental - and often complex - concepts in a way that makes sense to them through exploration of the built world.

· Inquiry-Based Lessons and Activities - Students who study engineering pose questions concerning "why things work" rather than "why they need to learn this." TeachEngineering provides an easy way to find consistently-designed, inquiry-based lesson plans and activities that integrate applied science and math content within an imaginative engineering context relevant to the lives of youth.

· Not an Engineer? Not a Problem! - Engineering is all around us. This collection uses engineering as a vehicle to integrate math and science fundamentals through open-ended, hands-on discovery. All lesson plans are based upon age-appropriate national and state science, technology, mathematics and engineering educational standards.

· Not a Computer Whiz? Not a Problem! - This collection is a freely-accessible, user-friendly environment for K-12 teachers and engineering educators. All you need is an internet-capable computer. The curricular units, lessons and activities contain consistent components, so once you become familiar with one lesson, you understand the structure of the other lesson plans in the TeachEngineering collection.

· Improve Public Understanding of Engineering - While we are surrounded everyday by the products and systems designed by engineers, and helped in our lives around the world by the work of engineers, a 
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TeachEngineering... because dreams need doing.

Proponents have put forth a number of reasons for adding K-12 engineering education to the school curriculum. Their arguments are similar to arguments for improving STEM education. Both cases are based on changes in the world - increasing complexity, interconnectivity, competitiveness, and technology dependence – that pose new challenges for individuals and for nations that cannot be met by continuing education as usual. We will still need a steady supply of well-trained engineers, scientists, and other technical workers, as well as technologically and scientifically literate general public, to succeed and prosper in the twenty-first century (Augustine, 2007; BSCS, 2007).

Elementary 
For years educators have seen the STEM initials and wondered what they meant?  Now with the need for more integrated curriculum to meet the state standards, MCA (Minnesota Comprehensive Assessments) testing and STEM (Science, Technology, Engineering, Math) we must start that education earlier not later.  

Specific Tech Ed and Engineering Areas Aligned with Standards:

Suggestions for Integration
Elementary:

	Elementary School Grade and Topic:
	Math/Science Standards that are a good fit and should be focused on:
	Specific Math/Science Benchmarks:
	Comments: (Activities where these would fit well.)

	Kindergarten
	
	
	

	K- Communication
	Compare and order objects according  to location and measurable attributes./Engineers create products or processes based on needs. 
	K.3.2.1/0.1.2.2.1

Use words to compare objects according to length, size, weight and position./Identify items from everyday life that are engineered or designed.
	Magnets (Determine different materials that magnetic fields will extend through.  Observe and describe animals, plant materials and common objects using simple tools.)

	K-Construction
	Recognize and sort basic two and three dimensional shapes; use them to model real world objects/Scientific inquiry is a set of interrelated processes used to pose questions about the natural world and investigate phenomena.
	K.3.1.3/0.1.3.2.1

Use basic shapes and spatial reasoning to model objects in the real-world./ Use tools to observe, measure and make things
	Sink and Float (Test and predict if a variety of objects will sink or float. make foil boats, test foil boats with cargo.)

	K-Energy/Power
	Recognize, create, complete, and extend patterns/The sun and burning some materials can provide heat.
	K.2.1.1/0.2.3.1.2

Identify, create, complete, and extend simple patterns using shape, color, size, number, sounds and movement./Recognize the different kinds of materials can be burned to make heat.
	Magnets (Show the magnetic field by using iron fillings, investigate magnetic force through objects and how it is used in powering energy.)

	K-Manufacturing
	Understand the relationship between quantities and whole numbers up to 31/Some of the things in the world are found in nature and others are made by humans.
	K .1.1.1/ 0.2.4.1.1

Recognize that a number can be used to represent how many objects are in a set or to represent the position of an object in a sequence/Construct simple structures through the safe and appropriate use of tools and materials.
	Sink and Float (Test and predict if a variety of objects will sink or float. make foil boats, test foil boats with cargo.)

	K-Transportation
	Compare and order objects according to location and measurable attributes/Scientific inquiry is a set of interrelated processes used to pose questions about the natural world and investigate phenomena.
	K.3.2.2/0.1.3.2.2

Order 2 or 3 objects using measurable attributes, such as length and weight/Explain how tools can be used to improve observations.
	Sink and Float (Test and predict if a variety of objects will sink or float. make foil boats, test foil boats with cargo.)

	Elementary School Grade and Topic:
	Math/Science Standards that are a good fit and should be focused on:
	Specific Math/Science Benchmarks:
	Comments: (Activities where these would fit well.)

	First Grade
	
	
	

	1-Communication
	/Science involves group interactions, emphasizing evidence and communication
	/1.1.1.1.1

/Ask, “How do you know?” in situations where others present unsupported information, and attempt to respond with reasonable answers when likewised questions.
	Dinosaurs and Fossils (Fossil formation, create plaster fossils, different types of fossils, remains, tracks, impressions and the formation of fossil fuels and how they are used.) 

	1-Construction
	/ Designed and natural systems exist in the world. These systems are made up of components that act within a system and interact with other systems.
	/1.1.3.1.1

/Observe that many living and non living things are made of parts and that if a part is missing or broken, they may not function properly
	Intro to Engineering and Tools (To know the six simple machines and to understand what they do and how they have changed the lives of humans.)

	1-Energy/Power
	/Earth materials include solid rocks, sand, soil and water. These materials have different observable physical properties that make them useful.
	/1.3.1.3.1

Group or classify rocks in terms of color, shape and size.
	Dinosaurs and Fossils (Fossil formation, create plaster fossils, different types of fossils, remains, tracks, impressions and the formation of fossil fuels and how they are used.) 

	1-Manufacturing
	/Men and women throughout the history of all cultures, including Minnesota American Indian tribes and communities, have been involved in engineering design and scientific inquiry.
	/1.1.3.2.1

/Recognize that tools are used by people, including scientists and engineers, to gather information and solve problems.

For example: Magnifier, snowplow and calculator.
	Intro to Engineering and Tools (To know the six simple machines and to understand what they do and how they have changed the lives of humans.)

	1-Transportation
	/Men and women throughout the history of all cultures, including Minnesota American Indian tribes and communities, have been involved in engineering design and scientific inquiry.
	/1.1.3.2.1

/Recognize that tools are used by people, including scientists and engineers, to gather information and solve problems.

For example: Magnifier, snowplow and calculator.
	Intro to Engineering and Tools (To know the six simple machines and to understand what they do and how they have changed the lives of humans.)

	Elementary School Grade and Topic:
	Math/Science Standards that are a good fit and should be focused on:
	Specific Math/Science Benchmarks:
	Comments: (Activities where these would fit well.)

	Second Grade
	
	
	

	2-Communication
	
	
	Structures (Create clay and straw structures including towers, and bridges, testing bridge strength.

	2-Construction
	
	
	Structures (Create clay and straw structures including towers, and bridges, testing bridge strength.

	2-Energy/Power
	
	
	Balance/Motion and Flight (Explore concepts of balance, counterweight, and stability.

• Observe systems that are unstable and modify them to reach

equilibrium.

• Discover different ways to produce rotational motion.

• Construct and observe toys that spin.

• Explore and describe some of the variables that influence the

spinning of objects.

• Observe and compare rolling systems with different-sized

wheels.

• Explore and describe the motion of rolling spheres.

	2-Manufacturing
	
	
	Structures (Create clay and straw structures including towers, and bridges, testing bridge strength.

	2-Transportation
	
	
	Balance/Motion and Flight (Explore concepts of balance, counterweight, and stability.

• Observe systems that are unstable and modify them to reach

equilibrium.

• Discover different ways to produce rotational motion.

• Construct and observe toys that spin.

• Explore and describe some of the variables that influence the

spinning of objects.

• Observe and compare rolling systems with different-sized

wheels.

• Explore and describe the motion of rolling spheres.



	Elementary School Grade and Topic:
	Math/Science Standards that are a good fit and should be focused on:
	Specific Math/Science Benchmarks:
	Comments: (Activities where these would fit well.)

	Third Grade
	
	
	

	3-Communication
	
	
	Sound ( ,Students learn to discriminate between sounds generated by dropped objects, how sounds can be made louder or softer and higher or lower, how sounds travel through a variety of materials, and how sounds get from a source to a receiver. The investigations provide opportunities for students to explore the natural and human made worlds by observing and manipulating materials in focused settings using simple tools then create sound instruments.

	3-Construction
	
	
	Clay Boats (Making clay float, testing floating clay with cargo and using different types of water. Determining buoyancy of various shapes and sizes.

	3-Energy/Power
	
	
	Sound ( ,Students learn to discriminate between sounds generated by dropped objects, how sounds can be made louder or softer and higher or lower, how sounds travel through a variety of materials, and how sounds get from a source to a receiver. The investigations provide opportunities for students to explore the natural and human made worlds by observing and manipulating materials in focused settings using simple tools then create sound instruments.

	3-Manufacturing
	
	
	Clay Boats (Making clay float, testing floating clay with cargo and using different types of water. Determining buoyancy of various shapes and sizes.

	3-Transportation
	
	
	Clay Boats (Making clay float, testing floating clay with cargo and using different types of water. Determining buoyancy of various shapes and sizes.

	Elementary School Grade and Topic:
	Math/Science Standards that are a good fit and should be focused on:
	Specific Math/Science Benchmarks:
	Comments: (Activities where these would fit well.)

	Fourth Grade
	
	
	

	4-Communication
	
	
	Electricity (Creating circuits, with switches/bulbs/batteries, make an electromagnet, testing conductors and insulators, making a light bulb.)



	4-Construction
	
	
	Space Colonies (Class  teams will brainstorm the pros and cons of designing and developing a space colony on each planet. Then, the class will discuss and decide as a group which planet you will colonize. Each team will design and build a space colony.

	4-Energy/Power
	/ Energy appears in different forms, including heat and electromagnetism.
	/4.2.3.1.1

/Describe the transfer of heat energy when a warm and a cool object are touching or placed near each other.
	Electricity (Creating circuits, with switches/bulbs/batteries, make an electromagnet, testing conductors and insulators, making a light bulb.)

	4-Manufacturing
	
	
	Space Colonies (Class  teams will brainstorm the pros and cons of designing and developing a space colony on each planet. Then, the class will discuss and decide as a group which planet you will colonize. Each team will design and build a space colony.

	4-Transportation
	
	
	Space Colonies (Class  teams will brainstorm the pros and cons of designing and developing a space colony on each planet. Then, the class will discuss and decide as a group which planet you will colonize. Each team will design and build a space colony.

	Elementary School Grade and Topic:
	Math/Science Standards that are a good fit and should be focused on:
	Specific Math/Science Benchmarks:
	Comments: (Activities where these would fit well.)

	Fifth Grade
	
	
	

	5-Communication
	/Inquiry requires identification of assumptions, use of critical and logical thinking and consideration of alternative explanation
	    /5.1.3.2.2

/Share, critique and analyze one’s own observations and speculations and those of classmates.
	Wind Turbines ( What makes wind?  Natural resources used to generate electricity. The design process, Design of blade, Building of turbine and testing and collection of data of blade design.)

	5-Construction
	/Change in speed or direction are caused by forces.
	    /5.2.2.1.1

/Demonstrate that the greater the force applied, the greater the change in motion.
	Pendulums (Testing bob weight, string length, swing distance, graphing string length and frequency, also testing potential and kinetic energy.)

	5-Energy/Power
	/
	     /5.3.4.1.1

/Categorize energy resources and materials into renewable and non-renewable.
	Wind Turbines ( What makes wind?)  Natural resources used to generate electricity. The design process, Design of blade, Building of turbine and testing and collection of data of blade design.)

	5-Manufacturing
	/
	 5.4.1.1/5.1.2.1.2

/Understand that requirements for a design include such factors as the desired element and features of a product or system or the constraints that are placed on the design.
	Wind Turbines (What makes wind?  Natural resources used to generate electricity. The design process, Design of blade, Building of turbine and testing and collection of data of blade design.)

	5-Transportation
	
	     /5.2.2.1.2

Describe how simple machines are used to control forces to accomplish tasks.
	Pendulums (Testing bob weight, string length, swing distance, graphing string length and frequency, also testing potential and kinetic energy.)


Suggestions for Integration

Middle School or Junior High
Specific Tech Ed and Engineering Areas Aligned with Standards:

There are a number of approaches that can be used to decide which math and science standards should be added to the focus of tech ed and engineering courses. One approach might be to review the MCA scores for a building or grade level and pick the topics that have the lowest scores. But the most successful approach (used by the National Research Center for Career and Technical Education in their Math in CTE model - http
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HYPERLINK "http://www.nrccte.org/"/ ) instead selects the math and science concepts that are the most natural fit with the course. Even if the standards and benchmarks are not at the exact same grade level that the class is offered at, the NRC studies still show achievement gains. So it might be very reasonable to select standards that are as much as two grade levels below the grade of the class being offered. Aligning with standards that are three or more grade levels below the course you are teaching however, are not likely to have much positive impact.

Also, too often math and science concepts may have been presented to students in very theoretical ways, and providing students with concrete, application-based experiences will both strengthen the learning of students that may already have mastered the material and could easily be the approach that finally connects with students that struggled during theoretical approaches.

Part of applying the concepts includes having students acknowledge the concepts they are applying.  Students also need to be accountable for that application. One way to ensure students are accurately applying the concepts is to have them complete well designed paper work along with their project.  Science classes use this method in their labs as students complete lab sheets while doing their labs.  These lab sheets can help direct students to the important things that we want them to learn.  

MN Math Standards and Middle School/Junior High Tech Ed/Engineering Courses: 

	Middle School Course:
	Math Standards that are a good fit and should be focused on:
	Specific Math Benchmark:
	Comments: (Activities where these would fit well.)

	Modular Lab
	
	
	(Note: The standards and benchmarks selected will depend on the modules chosen; but here are examples of what might fit well.)

	Modular Lab
	
	
	The Modular Lab approach to teaching Technology Education was developed in order to provide a wide variety of technology &engineering based activities in a structured environment by requiring students to learn important concepts through a combination of electronically delivered instruction and various hands-on activities to reinforce the concepts addressed in that module. Because of the wide variety of modular themes and varying activities within particular modules between different lab vendors, it is nearly impossible to create a master list of state math standards covered in modular labs around the state. Most vendors have already cross referenced each of their modules with national math standards, STL standards, and other national standards. Teachers could easily access those particular listed standards and then cross reference them with the current Minnesota  Math Standards http://scimathmn.org/stemtc/standards.

Resources:

http
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	Communication
	Analyze the effect of change of scale, translations and reflections on the attributes of two-dimensional figures.
	7.3.2.3 Use proportions and ratios to solve problems involving scale drawings and conversions of measurement units.
	All CADD and drafting drawings require students to understand and properly apply scale to the dimensions of their drawings. This also occurs when students read a scale drawing and then build the item based on that drawing.

Communication in Technology education is a large content area.  Looking at  communication with a wide perspective allows students to apply the concepts in different situations giving students more practice with the concepts. 

Communication includes relaying ideas beyond technical drawings. Communication includes any image used for a purpose, such as a poster advertising a school dance, or advertising a school club.  Communication also includes presentations or posters students do to communicate ideas.  Students could apply scale and ratio to the effectiveness of communication of the message asking questions like, “What size should text be to be most effective?”   “Does the size of room change which size of text that should be used?” 

Is there a ratio that can be used to decide on what text should be used?   Students could convert size of text from pixels to inches.  Students could look at images and change the scale to determine which size is best for viewing in their project asking, “What size do images need to be to be effective?”
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	Communication
	
	
	

	Construction
	6.3.1 Calculate perimeter, area, surface area and volume of two- and three-dimensional figures to solve real-world and mathematical problems. 
	6.3.1.1 Calculate the surface area and volume of prisms and use appropriate units, such as cm2 and cm3. Justify the formulas used. Justification may involve decomposition, nets or other models.

this may be a more appropriate benchmark: 6.3.1.2 Calculate the area of quadrilaterals. Quadrilaterals include squares, rectangles, rhombuses, parallelograms, trapezoids and kites. When formulas are used, be able to explain why they are valid.


	Any course that produces a product out of wood should require students to calculate the bill of materials - including Board Feed (Bd Ft = [L x W x Thickness]/144) when all measurements are stated in inches. 

Math classes generally teach this concept using worksheets.  Technology Educations classes give students real hands on experience with these concepts.   This concept is a natural fit in most of our projects and can demonstrate the value of TE to help students see the application of math concepts.  This concept should be Incorporated into as many projects as possible.  

DREAM ROOM

Middle school students are always interested in their space especially looking at their rooms and thinking about remodeling their room. This is a high interest activity to use area, square footage, calculate perimeter, surface area.  Intro the unit by showing a room make-over show that would be interesting to your students.  Have students talk about things they would like to do to their rooms if they could make it over.  Give them a budget to work with.  Have them measure their room at home.  Use these measurements to do calculations.   Set up the activity as a lab using a worksheet to help students work through the concepts you want them to practice.   Have them design their make-over for their room then present their new design.  
LAMP 

Many schools build a lamp as part of their TE classes.  

Students can calculate the bill of materials.  But students could also calculate the amount of Area on the lamp base for an estimate of required stain or paint.  

They could also calculate the amount of area the lamp effectively lights up.  Be creative and apply this concept in as many ways as possible.  What is the effective area of the light the lamp produces?  How could we test and measure this?   What does changing the lamps bulb wattage do for the effective light area? What does using a florescent bulb’s do to the bulb’s area?  Do lamp shades change the area? Many times in TE we stop the design process after the project is finished and do not take the project into the testing and improvement stage.  Asking these questions about the lamp’s effectiveness not only takes the design process farther but also gives the students an opportunity to use the formulas many times in real life problem solving.  

Discuss the terms in the standard and how they relate to the materials being used. The concept is equally well delivered in either the English or Metric system. Demonstrate where each part of the formula is derived from.
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	Construction
	
	
	

	Manufacturing
	Multiply and divide decimals, fractions and mixed numbers; solve real-world and mathematical problems using arithmetic with positive rational numbers.
	6.1.3.2 Use the meanings of fractions, multiplication, division and the inverse relationship between multiplication and division to make sense of procedures for multiplying and dividing fractions.
	Any student who designs/produces a project that requires them to measure part of the project using fractions of an inch and then divide that measurement into equal parts is demonstrating this concept (examples: finding the middle of a 1¾” piece of wood or cutting a piece of string into 6 equal lengths for a rocket parachute).

We know Multiplication and division are being used in TE class all the time.  However, we do not formally have students do multiplication and division.  With every project students design and make we need to have students formally practice these concepts.  Connecting these very important concepts to  real life application in projects will help students see the application beyond math class.  

CLOCK

Many students make Clocks in TE classes.  Attaching  the numbers is a prime place to apply these concepts.  Have students work through the problem of spacing/aligning the numbers at the correct distance and angles.  A lab work sheet could lead them through thinking about how that process would look.  
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	Manufacturing
	Multiply and divide decimals, fractions and mixed numbers; solve real-world and mathematical problems using arithmetic with positive rational numbers.
	6.1.3.4 Solve real-world and mathematical problems requiring arithmetic with decimals, fractions and mixed numbers.
	Any project that requires students to add or subtract measurements using inches & fractions of inches is demonstrating this concept (example: what is the wheelbase of a CO2 car that is 8⅞” long if the front wheel is 1½” from the front end and the rear wheel is 2¼” from the back end?)

CANDLE HOLDER

Making a candle holder out of scrap is a great project to let students work out math problems using adding and fractions.  Have students design a candle holder for tee lights.  If they have more then one candle in the design they will need to think through the layout to make sure it is balanced.  Make sure the students understand the process they used to place the candle holes by having them explain how they thought through their layout.  This 

could be a formal worksheet they turn in or have them explain to you verbally.  

CUTTING BOARD 

Students can go through the scrap bin and collect wood scraps to make a cutting board.  Students measure the pieces by adding them up and arranging them to come to a predetermined size width.  The assignment would have them figure out how much needs to be cut off on only one piece to reach the width goal.  For example the goal might  be 10”   The student looks through the scrap bin and finds pieces the following lengths 1 ⅞”,  2 3/16”, ¾”,  1” , 2 ¼”, 1 ½” = 9 1/16 (the correct total would be 9 9/16”)

Student figures out that the last piece needs to be cut at 15/16 to make it 10”     (with those sizes of wood, I would suggest that the example be changed to 11” wide) so the remaining piece of wood would need to be cut to 1 7/16”)
This could even be done without going to the next step of actually cutting down the last piece and gluing the pieces together. 
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HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1".

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"com

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"/

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"lesson

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"_

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"detail

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1".

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"cfm

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"?

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"lessonID

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"=88&

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"s

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=88&s=1"=1

	Manufacturing
	
	
	

	Power/Energy
	
	9P.2.3.2.2 Explain and calculate the relationship of current, voltage, resistance and power in series and  parallel circuits.
For example: Determine the voltage
between two points in a series circuit 

(This is a science concept)
	When using an electronics project or experiment using parallel or series circuits, students should be able to apply Ohms Law to calculate voltage, resistance, or current anywhere within the circuit.

This can be used in any electronics kits, or projects.  Have students use a Multimeter to work with the concepts.  

Provide a lab sheet helping students focus on the concepts that you are working on.  Test students by having them troubleshoot with a multimeter.  

APPLY the concepts by MAKING  a:

Flashlight 

Fan 

Electric car 

Adapt a electronic toy for special needs kids by adding a switch adapter

Burglar alarm

LED throwee 

Water fountain 

Resources: 

http

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"://136.165.122.102/

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"mambo

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"/

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"index

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75".

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"php

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"?

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"option

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"=

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"com

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"_

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"content

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"&

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"task

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"=

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"view

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"&

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"id

HYPERLINK "http://136.165.122.102/mambo/index.php?option=com_content&task=view&id=75"=75 
http

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"://

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"www

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf".

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"clackamascareers

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf".

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"com

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"/

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"media

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"/

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"uploads

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"/

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"mathcte

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"-

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"electronicsohmslawwatts

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf".

HYPERLINK "http://www.clackamascareers.com/media/uploads/mathcte-electronicsohmslawwatts.pdf"pdf 

	Power/Energy
	Calculate with positive and negative rational numbers, and rational numbers with whole number exponents, to solve real-world and mathematical problems.
	7.1.2.5 Use proportional reasoning to solve problems involving ratios in various contexts.


	Changing the size (number of teeth) in a gear train will change the output speed (either proportionally or inversely proportionally) depending on whether the drive gear or driven gear is increased or decreased.

LOOK AT A BIKE 

Have students examine a multi-speed bike.  Ask questions like how does gearing change the energy input required vs the output.  

WINDMILL

Have students make a windmill using a small motor, gearing and student designed blade.  How does the gearing change the power output?

REVERSE ENGINEERING 

Take apart a broken compact disk player, VCR, or any electronic device that has moving parts.  Have them look for gears and determine the gear ratio.  

Use the parts to build something else.  

Resource: http

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"://

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"www

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1".

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"ctemathlessons

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1".

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"com

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"/

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"lesson

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"_

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"detail

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1".

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"cfm

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"?

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"lessonID

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"=68&

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"s

HYPERLINK "http://www.ctemathlessons.com/lesson_detail.cfm?lessonID=68&s=1"=1

	Power/Energy
	Recognize proportional relationships in real-world and mathematical situations; represent these and other relationships with tables, verbal descriptions, symbols and graphs; solve problems involving proportional relationships and explain results in the original context.
	Solve multi-step problems involving proportional relationships in numerous contexts.


	Students who are calculating the distance a robot travels may be using the wheel diameter/radius using the formula c=pi*d or c=2*pi*r. They should be able to recalculate/predict the distance if the size of the wheels or the gear ratio is changed.

HYDROPONICS

Design a gravity fed hydroponics system - students would use simple supplies to experiment in water coming out of different size holes and tubes using gravity feed.  They could develop a table to explain the proportional relationships to size of holes and hose and water delivery.

AIR ROCKETS

Have students experiment with air rockets (use NASA’s air rocket design instructions for building a launcher.) Students change one element and compiling the information on distance or height.  Students make conclusions after looking at their data.  Students could make a table and graph the data.  The results could even be presented to the class.  Different groups could be working on different elements to manipulate.  For example: one group could be increasing the weight in the nose cone to find optimum weight.  Another group of students  could be working on fin size/shape, another group could be working on length of body, etc.  



	Power/Energy
	
	
	

	Transportation
	Understand the concept of ratio and its relationship to fractions and to the multiplication and division of whole numbers. Use ratios to solve real-world and mathematical problems.
	6.1.2.3 Determine the rate of quantities with different units
	This standard wants students to be able to convert quantities to different units and then use the quantities for some computation.  For Example, American standard to metric or feet per second to miles per second.  

CO2 CARS

When racing CO2 cars, students should recognize that they can convert the formula “d=r*t” into “r=d/t” in order to calculate the speed of their CO2 car down a specified racetrack length for any resulting time. Then that rate in feet/second (fps) could be converted to miles/hour (mph).



	Transportation
	Use reasoning with proportions and ratios to determine measurements, justify formulas and solve real-world and mathematical problems involving circles and related geometric figures.
	7.3.1.1 Demonstrate an understanding of the proportional relationship between the diameter and circumference of a circle and that the unit rate (constant of proportionality) is . Calculate the circumference and area of circles and sectors of circles to solve problems in various contexts. 
	Students who create mousetrap cars, robots, or other vehicles with wheels can calculate and/or measure distance traveled  for each wheel rotation, but should also be able to  accurately calculate how many rotations/degrees the wheels rotate when a specific distance is traveled (this will normally include partial wheel rotations).




MN Science Standards and Middle School Tech Ed/Engineering Courses (continued):

	Middle School Course:
	Science Standards that are a good fit and should be focused on:
	Specific Science Benchmarks
	Comments: (Activities where these would fit well.)

	Modular Lab
	
	
	(Note: The standards and benchmarks selected will depend on the modules chosen; but here are examples of what might fit well.)

	Modular Lab
	
	
	The Modular Lab approach to teaching Technology Education was developed in order to provide a wide variety of technology &engineering based activities in a structured environment by requiring students to learn important concepts through a combination of electronically delivered instruction and various hands-on activities to reinforce the concepts addressed in that module. Because of the wide variety of modular themes and varying activities within particular modules between different lab vendors, it is nearly impossible to create a master list of state science standards covered in modular labs around the state. Most vendors have already cross referenced each of their modules with national science standards, STL standards, and other national standards. Teachers could easily access those particular listed standards and then cross reference them with the current Minnesota  Science Standards <embed link to MN science standards>.

	Communication
	Engineers create, develop and manufacture machines, structures, processes and systems that impact society and may make humans more productive.
	6.1.2.1.2 Recognize that there is no perfect design and that new technologies have consequences that may increase some risks and decrease others.
	When discussing students use the “Design Process” / “Engineering Process”, their redesign loop should be used so that they can improve their design to eliminate as many undesirable aspects of the product as possible.

INVENTIONS THAT MATTER

Look at different inventions and ask questions about the inventions.  For example, has the MP3 player had consequences that may not have been envisioned?  What are some of the positives (benefits) of the MP3 player?  What are some of the negatives (drawbacks/ consequences)?  How has this technology spurred other technology?

DESIGN PROJECTS

After doing a Design project like the Crash test, or Cities project have students reflect on these questions.  



	Communication
	Men and women throughout the history of all cultures, including Minnesota American Indian tribes and communities, have been involved in engineering design and scientific inquiry.
	8.1.3.2.1 Describe examples of important contributions to the advancement of science, engineering and technology made by individuals representing different groups and cultures at different times in history. 
	A classroom case-study or student book report on an engineer/technologist in history and the impact their work made on society would demonstrate this benchmark concept.

Look at different inventions by time period or geography.  What inventions and technology did they have and how were they used.  Are there any individuals that are associated to the technologies.  Try to have a broad perspective looking at different cultures and perspectives. 



	Manufacturing
	Engineering design is the process of devising products, processes and systems that address a need, capitalize on an opportunity, or solve a specific problem.
	6.1.2.2.1 Apply and document an engineering design process that includes identifying criteria and constraints, making representations, testing and evaluation, and refining the design as needed to construct a product or system that solves a problem.
	A student who completes a design/engineering notebook or portfolio during the design, manufacturing, and testing of an item they make is creating a quality documentation of the process.



	Manufacturing
	Science and engineering operate in the context of society and both influence and are influenced by this context.  
	8.1.3.3.3 Provide examples of how advances in technology have impacted the ways in which people live, work and interact.
	The use of advanced manufacturing equipment and machinery by the students, such as CNC mills, laser engraver, solid-modeling CADD, 3-dimensional printers, etc., will allow hands-on experience and opportunities to realize the benefits of advances in technology.

	Manufacturing
	
	
	

	Power/Energy
	Current and emerging technologies have enabled humans to develop and use models to understand and communicate how natural and designed systems work and interact.
	6.1.3.4.1 Determine and use appropriate safe procedures, tools, measurements, graphs and mathematical analyses to describe and investigate natural and designed systems in a physical science context.
	Any product that is built and tested by students to test a scientific principal will require the students to follow proper safety practices, testing procedures, and evaluation of the results (examples: catapults, rockets, CO2 cars).

	Power/Energy
	Current and emerging technologies have enabled humans to develop and use models to understand and communicate how natural and designed systems work and interact.
	8.1.3.4.2 Determine and use appropriate safety procedures, tools, measurements, graphs and mathematical analyses to describe and investigate natural and designed systems in Earth and physical science contexts.
	Any product that is built and tested by students to test a scientific principal will require the students to follow proper safety practices, testing procedures, and evaluation of the results (examples: catapults, rockets, CO2 cars).

	Power/Energy
	Energy can be transformed within a system or transferred to other systems or the environment.
	6.2.3.2.1 Differentiate between kinetic and potential energy and analyze situations where kinetic energy is converted to potential energy and vice versa.
	An egg-crash car experiment would demonstrate conversion between Potential & kinetic energy and vice versa.

OFFBEAT ENERGY 

Energy is all around us.  Some of it is hidden right in front of us.  Students can design small electric generators using small motors.  They can look around and find sources not normally looked at.  For example rain coming down gutters has kinetic energy.  Wind from cars on an overpass has lots of kinetic energy and could be harnessed.  What about the kinetic energy from water going down the household drain.  There must be a way to harness energy from 1000 students walking halls each hour.  This could also be a way for students to start thinking outside the norm and brainstorm future technologies that could be developed.  



	Power/Energy
	Energy can be transformed within a system or transferred to other systems or the environment.
	6.2.3.2.2 Trace the changes of energy forms, including thermal, electrical, chemical, mechanical or others as energy is used in devices.
	A small-gas engine, a Rube-Goldberg machine, or a catapult/trebuche would demonstrate change of energy to mechanical form. An electrical circuit project would demonstrate changes in electrical energy.

	Transportation
	The motion of an object can be described in terms of speed, direction and change of position.
	6.2.2.1.1 Measure and calculate speed of an object
	When racing CO2 cars, students should recognize that they can convert the formula “d=r*t” into “r=d/t” in order to calculate the speed of their CO2 car down a specified racetrack length for any resulting time. Then that rate in feet/second (fps) could be converted to miles/hour (mph).

	Transportation
	Forces have magnitude and direction and affect the motion of objects.
	6.2.2.2.2 Identify the forces acting on an object and describe how the sum of the forces affects the motion of the object.
	Any transportation system requires some form of energy input to cause it to move, but there are also other forces acting upon it causing it to lose efficiency (examples: airplane (thrust, drag, lift, weight), rockets, CO2 cars).

	Environmental
	In order to maintain and improve their existence, humans interact with and influence Earth systems.
	8.3.4.1.2 Recognize that land and water use practices can affect natural processes and that natural processes interfere and interact with human systems.
	Students could perform an analysis of a technological system and of the impacts on the environment from that system or from modifying the system.

CITIES PROJECT

Students can design a future city including all necessary systems such as water and sewer, power, transportation, housing.  Students use recycled goods to design and model their cities.  Students present their city explaining how their cities interact with the environment and their systems impact the natural process. 


Suggestions for Integration

High School:
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