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Lesson Plan 
Subjects:  Algebra/Geometry/Physical Science  (8th-12th grades) 
         
Lesson Focus: Intro to Civil Engineering, Problem Solving, Critical Thinking

Curriculum Standards:  Science (NSES) and Math (Common Core) are provided under the Standards Tab (shown above).

Resources:  PowerPoint (Day 1) Use “Notes Page” for additional information.
https://drive.google.com/file/d/0B8fdd6cPWHsCTlhtaTB3Q2tteU0/edit?usp=sharing
Video:  Structural Engineering Failure – Tacoma Heights Bridge https://www.youtube.com/watch?v=j-zczJXSxnw 

Materials (per group):        	
Ruler
6-4X6 index cards
Roll of tape
Books for testing
Science/Mathematics Journal
Scales for weighing structures and loads
KNex Bridge Kit  - (Set includes 2282 K'NEX® parts – enough to build 7, five to six foot long K'NEX® Bridge models, two at a time. Includes building instructions and teacher's guide aligned to STEM standards
http://www.knex.com/shop/16774/real-bridge-building/ 
[image: ]
OPTIONAL:  Pitsco Bridge Tester Table http://www.pitsco.com/Structure_Testing_Device 
[image: ] 
NOTE:  Testing can also be done by spacing two table tops or chairs apart to establish the desired gap.

Preparing the lesson: 
1.  Preview the PowerPoint with Speaker Notes and Bridge Failure Video.
2.  Divide students into small groups. (4-5 students)
3.  Provide materials for each group.

Teaching the Lesson:
1.  Present “What is Civil Engineering” PowerPoint.

Mystery Challenge  #1:  
1.  Students will design, and build an appropriate structure during the challenge. 
2.  Teams will be able to use up to 6-4x6 index cards and a roll of tape. 
3.  The goal of the competition is to build the strongest foundation possible with index cards to support a tower of textbooks. 
4.  Rules:
Tape may only touch the cards
Textbooks must be off the surface of the table. 
Textbooks will be placed one by one on the card foundation in 10 second intervals.  
For the load to count it must hold for 10 seconds. 
20 minutes to build
Teams will not be given any more cards so they must be careful
5.  Students will work with their team to build the index card structure.
6.  Conduct testing and award points accordingly.
7.  Discuss what went well, what did not go well, what they would do differently.
8. For advanced students, discuss Buckling Theorem (height to diameter ratio), less is more likely to buckle  http://en.wikipedia.org/wiki/Buckling

Assessment: Total Score=Height (measured from the surface to the bottom of the first book) x #of books held

Continue “What is Civil Engineering?”  Discussion
In the past, the goal was to make thing thinner, lighter, and cheaper.  This is no longer the approach due to safety and environmental.
Engineering must always consider NEEDS and WANTS.
For example, in the last challenge the structure needs to hold a minimum of 4 books and wants to be as tall as possible.
Analogy:  Think about buying a car and determining needs and wants.
While impossible, the goal is always to seek an optimal solution.
Helpful Problem solving tips:
     RTFQ (Read The Full Question)
           Don’t add anything else.
           Don’t assume.
           Don’t make up your own rules.
     Journaling is IMPORTANT!  To convince students to document their work, share this article. http://www.aaos.org/news/aaosnow/jun09/managing6.asp
Old Chinese Proverb   - 
“The faintest ink is more powerful than the strongest memory.”
Document everything, every detail.   
For example:  We tried________.  It weighed_______________. We changed _____________.
The difference between engineering and groping through the dark is DATA!
Engineering is DATA Driven!

KNex Challenge #1 (This information is also on the PowerPoint.)
Design and build a horizontal support structure that will span a distance of at least 14 inches and support the greatest load.
1.  The materials for construction will be limited to those parts available in the provided K’Nex kit.
2.  The structure design must span a distance of at least 14 inches, which is the distance between the inside edges of the two supports on the Pitsco tester.
3.  The supports on the tester are each 2” tall and 2” wide and 6”deep.
4.  When the structure is in place, no part of the structure may extend below the supports and the load support must be a minimum of 6” above the top of the support.
5.  The load support is a piece of wood that is 3 and 1/8” long by 2” wide. It may be oriented on the structure in any way you want, on the road bed, or on the top of trusses.
6.  The structure must be designed to allow for a 1” by 1” clearance below the loading block to allow for the load to be hung below the structure.
7.  The minimum load that the structure must support is approx. 800 g.
8.  Once the minimum load has been certified, additional loads may be added until failure of the structure occurs.
9. Failure is defined as either a catastrophic failure of the structure or a deflection in any dimension of 1” or more.
10.  During the design process, data must be collected on the performance of any designs tried and the process leading to the design modification.
11. Assuming that the final design meets the minimum specifications, the mass of the structure will be recorded, as well as the load held.
12. Additional points will be awarded for documentation.
13.  Conduct a 5 minute follow-up regarding Team Work… Communication….Data Collection…
How can each group improve for next time?  Every group should do this no matter how well your performance was.

Assessment:  A ratio of the load held to the mass of the structure will be calculated.  There will be 100 possible points based on the ratio calculated. Points will be based on the structure with the best ratio being given 100 points and each other structure scaled below that.  
There will be an additional 50 points that will be awarded at the instructor’s judgment based on the data taken during the design process.
Should a structure fail to meet the minimum specifications, that structure will be awarded 25 performance points, as well as any points that the instructor awards for the design process.





[bookmark: _WNSectionTitle][bookmark: _WNTabType_0]Intro to Civil Engineering	6/2/2014

Lesson Plan 
Subjects:  Algebra/Geometry/Physical Science  (8th-12th grades) 
         
Lesson Focus: Collecting, Recording, and Analyzing Data, Problem Solving, Critical Thinking, Memphis Water Resources, Engineers Without Borders, Water Filtration

Guest Speakers:  Sara Girdner (sarah.girdner@gmail.com) and Kelsey Ford (keford@memphis.edu) , UofM Graduate Students
Note:  Their PowerPoint Presentation with speaker notes is included in the attachment.  In it, they discuss Memphis Water and Sara’s experience working abroad with Engineers Without Borders.  

Resources:  PowerPoint (Day 2) Use “Notes Page” for additional information.
Technical Presentation PowerPoint  https://drive.google.com/file/d/0B8fdd6cPWHsCYTZLWDR1WGZpRE0/edit?usp=sharing 
 

Materials (per group): 
For Water filtration Challenge –
Plastic 1 or 2 liter drink bottle
Coffee Filters
Rubber Band
napkins or paper towels
gravel, sand, and cotton balls for your filter
dirty water, collected from a pond or stream
Digital scale
For Testing - Turbidity Tester [image: ]

For KNEx Challenge #2 - Materials from 1 K’NEX Education Forces, Energy, and Motion Set 
 (Set includes 442 K'NEX® parts, along with a Battery, Spring and Fly-wheel motor – enough to build 11 vehicles, up to four at a time. Building instructions and comprehensive teacher's guide aligned to STEM Standards included.)
 [image: ]
Timer
Masking Tape for marking testing areas
Digital Scale for weighing car

Preparing the lesson: 

1. Review the PowerPoints and Handouts listed above.
2.  Provide a KNex kit for each student team.
3.  Provide Water Filtration Materials for each student team.
3.  Set up Testing Area(s).


Water Filtration Challenge #1 (These instructions are also on PowerPoint.)
Make the “Best” filter. BEST= Lowest Cost and Best Turbidity
Turbidity- The measure of water clarity 
1.  You will have the following materials to choose from to make your filter:
 Cotton Balls- 5 for $100
 Sand- $250 per 100 grams
 Gravel- $300 per 100 grams
2.  You will be given
1 One Soda bottle
1 Coffee Filter
1 Rubber band to secure the filter to the bottle
[image: ]


3.  Remember:  Think about the characteristics of each material.
4.  Once you “buy” materials you can not give any back.
5.  Plan! Plan! PLAN! It’s hard to separate materials once you mix them.
6.  Pour the dirty water through the filter, using the bottom of the bottle to collect the filtered water.
  [image: ]
7.  Use the turbidity meter to analyze the filtered water.
Extension: Wipe the bottle clean and try again. Try putting materials in different layers or using different amounts of materials.

Assessment:  Total Score = 300*Lowest Cost/Your Cost + 300*Lowest Turbidity/Your Turbidity


KNEX Challenge #2 
Part 1:  It’s a RACE!!!
Your team must RACE to build 2 of 3 cars that use the spring motors. Once your team has completed both cars and both cars work, tell your teacher your build time will be recorded. 
Part 2:  Which is the most Reliable vehicle?
1.  Collect data on each car. (Pull back your car x distance and measure the travel distance.) Do this many times for both vehicles. 
2.  Since Pullback distance is the unit that the student controls, that is the Independent Variable.  Travel distance is the Dependent Variable.
[image: ]3.  On the quad-ruled paper, 
         	Plot Pullback distance vs. Travel Distance
		Label Axes with proper units
		Use a proper scale
Give the graph a title that will explain the experiment.
4.  Postulate that there is a linear relationship between these variables.  Find the line of best fit, using a straight edge. 
5.  Use the line of best fit to predict distance for a certain # of pullbacks.  Discuss the slope (rise/run) of the graph and it’s relevance to the experiment.  (SEE EXTENSION OPTION.)
6.  You will have to get 1 of your vehicles to travel a mystery distance and land in a 1x1 ft box. 
7.  You must decide, using your data 
(1) Which is the most reliable vehicle to do this and 
(2) how far will you pull your vehicle back…. You get 1 TRY!

Assessment:  Total Score = 100*Best time/Your Time +200*Least #of inches from target/Your #of inches from target + 50 point maximum (awarded for data and graphs)

Following challenges, teams should give a technical presentation.  
1.  Discuss Technical Presentations using attached PowerPoint.
2.  Provide teams time to prepare and present their projects.

Journal writing:  Journals should included notes from trials and modifications, including data and graphs.  Also, have students reflect on their method(s) of problem solving and communicating.  What did they do well?  What could they have done differently to improve accuracy and efficiency?

Extension:  Data can be analyzed for each challenge.  Combining data from all groups and analyzing graphs can lead to rich discussions of scientific formulas.  
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[bookmark: _GoBack]Lesson Plan 
Subjects:  Algebra/Geometry/Physical Science  (8th-12th grades) 
         
Lesson Focus: Structures, Problem Solving, Critical Thinking, Dealing with constraints, making trade-offs

Resources:  PowerPoint (Day 3) Use “Notes Page” for additional information.
Technical Presentation PowerPoint  https://drive.google.com/file/d/0B8fdd6cPWHsCYTZLWDR1WGZpRE0/edit?usp=sharing 

Materials (per group): 
For Vertical KNex Challenge – 
800 gm weight
Dry Beans and scoop, for adding additional weight
Scale for measuring load      
Bucket 	
KNex Bridge Kit  - (Set includes 2282 K'NEX® parts – enough to build 7, five to six foot long K'NEX® Bridge models, two at a time. Includes building instructions and teacher's guide aligned to STEM standards http://www.knex.com/shop/16774/real-bridge-building/ 
[image: ]
For Mystery Challenge #2 – 
One piece of 8.5x11 paper
Load (beans, pennies, or washers)
Supports (books or wood blocks)

Preparing the lesson: 
1.  Preview the PowerPoint.
2.  Divide students into small groups. (4-5 students)
3.  Provide materials for each group.

Teaching the Lesson:
KNex Challenge #3 (This information is also on the PowerPoint.)
Following up on the first building challenge, this challenge also involves your team’s ability to design and build a structure.  This time, rather than spanning a gap, you goal will be to raise a load as far as you can off the ground with the fewest number of pieces.
1.  For this challenge, you will use a K’Nex bridge building kit, even through you are not building a bridge.
2.  You may use any of the K’Nex pieces in the kit for this challenge. 
3.  You may not use any part or parts of the KNex container.
4.  The base of your structure must fit within one square floor block, which is approximately one foot by one foot.
5.  No part of the base of the structure may touch the floor or anything else outside of the one square foot block.
6.  When loaded, the structure you submit must be completely self supporting.
7.  The structure must be completely connected as one piece.
8.  The load for the structure consists of the bucket and the 800g weight, as in the pervious challenge.
9.  Additional loads (beans) may be added.  That decision is up to the design team.
10.  The structure will be judged based on the following three criteria.
The height of the top of the bucket above the floor.
The mass of the load supported (including the bucket).
The number of pieces used to build the structure.
After each successful load is made, the mass of the bucket and loads will be recorded. 
The load at failure will not be recorded. (The design team decides when to stop adding weight and measure along the way.)
At each loading, the load must be successfully supported for 60 seconds, as determined by the judges.
Teams are responsible for recovering all beans which are spilled should the submission fail.
11.  Find the Balance: Tallest, Strongest, and fewest pieces
12.  Conduct the testing and scoring.
13.  Follow with a 5 minute follow-up.  Discuss how your team handled planning, determining what was important, and what you sacrificed to hold the load.

Assessment:  Total Score = 75*Your team’s height/maximum height + 75*Your team’s load/maximum load + 50*Minimum # of pieces/your team’s # of pieces + 25(awarded based on your team’s data and design process collection as shown in your submitted notes)

Mystery Challenge #2 – Paper Bridges
Challenge:  Your team must design a bridge out of paper that will support a load.  Your goal is to support the maximum load using only the piece of paper provided.  You must also determine how you will load your bridge.
Constraints:  
You may only place the load along the bridge span (not at the supports).  Level supports will be provided, with a 5-inch distance between supports.  
You may not attach the bridge to the support- the bridge must simply rest on the supports (piers).
You may only use the materials provided. 
Time:  
Your team will have 5 minutes to plan, 10 minutes to construct and test your design before ‘official’ loading begins.  
Note:  Have fun, be creative, and be sure to using the planning time to your advantage!
Discussion:
As a class, discuss which designs worked best and why.  Allow each team to describe their planning processes.

Technical presentations
1.  Discuss Technical Presentations using attached PowerPoint.
2.  Provide teams time to prepare and present their projects.
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Lesson Plan 
Subjects:  Algebra/Geometry/Physical Science  (8th-12th grades) 
         
Lesson Focus: Problem Solving Steps, Transportation Engineering Profession, Texting While Driving, Dangers of Speeding, Unit Conversions, Potential Energy, Balancing Constraints

Resources:  PowerPoint (Day 4) 
Texting While Driving Handout
Dangers of Speeding Handout

Technical Presentation PowerPoint  https://drive.google.com/file/d/0B8fdd6cPWHsCYTZLWDR1WGZpRE0/edit?usp=sharing 

Materials (per group): 
¼” Plywood Ramps, approximately 2’ X 4’ with ¼” markings
Masking Tape for marking testing areas
Materials from 1 K’NEX Education Forces, Energy, and Motion Set 
 (Set includes 442 K'NEX® parts, along with a Battery, Spring and Fly-wheel motor – enough to build 11 vehicles, up to four at a time. Building instructions and comprehensive teacher's guide aligned to STEM Standards included.)
 [image: ]


Preparing the lesson: 
1.  Preview the PowerPoint.
2.  Copy handouts for activities, 1 per team.
3.  Divide students into small groups. (4-5 students)
4.  Provide materials for each group.
5.  Set up testing area for KNex Challenge #3 by placing ramp(s) on edge of chairs to create constant slope.
6.  Set up testing area for KNex Challenge #4 by marking off a 2X2 area on a long hallway, making the start to finish approximately 60 feet long.

Teaching the Lesson:
1.  Use attached PowerPoint to discuss Problem Solving Steps and relate the steps to previous challenges.
Define the problem (Where do I start?  Where am I going?)
Generate Solutions (Brainstorming!  Preconceptions are deadly!)
Decide the course of action
Implement the solution (Solution must satisfy needs!)
Evaluate the solution (What did I miss?  I may need to ask questions to get clarification.)
Repeat the process
2.  Use the attached PowerPoint to discuss the Transportation Engineering Profession.  A big part of what Transportation Engineers do, is related to safety.  They use human behavior, such as reaction times, perception time, and walking time, as a basis for many traffic safety features.
3.  Texting while driving and Speeding are major concerns for Transportation Engineers.  Why?

 “Texting While Driving Challenge”
Eyes if the road = 5 seconds
1 mile per hour(mph) = 1.47 feet per second(fps)
Example:  How many fps is 15 mph?
15 mph X 1.47 fps/1mph = 22 fps
Distance Traveled while Texting for 5 seconds (which means eyes off the road) = 22 fps X 5 seconds  = 110 feet
1.  Distribute one handout to each team. 
2.  Teams must calculate the distance, in feet, that a vehicle would travel while the driver is texting for various speeds.
There are eleven speeds that are listed on the handout.
Each member of your group must calculate at least 2 of the calculations.
Calculations must be in order (1st person must calculate the first 2 speeds and write it on the sheet before the 2nd person can start calculating).
Scoring - Teams will be scored on time and accuracy.

Assessment:  Total Score = 200 * Team’s # of correct answers/Most # of correct answers + 200 * Fastest Time/ Team’s time

“Dangers of Speeding Challenge”
This weekend you plan to go and visit a few friends for a week who live 60 miles away. The posted speed limit is 55 mph. You are to determine the travel time required to get there by filling in the table below and then convert that time to minutes. You are then to determine how much time was saved by traveling at each of the speeds and the percent time gained by speeding. 
Example:  Traveling 60 miles at 30 mph posted speed compared to driving 5 mph over the speed limit
Travel Time= (60miles/30 mph)=2 hours
Travel Time in Minutes= 2hours*60 minutes = 120 minutes
Travel Time= (60 miles/35 mph)= 1.71 hours
Travel Time in Minutes= 1.71 hours*60 minute=102.6 minutes
Time Saved= 120-102.6= 17.4 minutes
Percent gained= (17.4 minutes/ 7,680 minutes in a week)*100=0.23%

1.  Distribute one handout to each team. 
2.  Teams must calculate the travel time in hours, convert to minutes, determine the time saved, and present that as a percent. 
3.  There are eight speeds that are listed.
4.  Each member of the group must calculate at least 1 of the calculations.
5.  Calculations must be in order (1st person must calculate the first speed and write it on the sheet, then the next, then the next, until all spots are filled.)
6.  Scoring will be based on time and accuracy.

Assessment:  Total Score = 200 * Team’s # of correct answers/Most # of correct answers + 200 * Fastest Time/ Team’s time

KNex Challenge #3
1.  Teams are to create a non-motorized K’NEX car from the kit.
2.  A ramp will be setup for the students to place their cars to demonstrate the effects of potential energy.
3.  By placing the car at multiple different locations up the ramp from the bottom (datum), the teams will have 15 minutes to collect data for how far the car travels, once it reaches the bottom of the ramp.
4.  Using this data, the teams will determine how far up the ramp the car should be released in order to have it stop at a provided mystery distance. (We used 17 feet.)
The scoring is based on the distance from the mystery mark (in inches) after the car has stopped to the front wheels of the car. 

Assessment:  Total Score = 100*Least Distance from mark /Team’s Distance from mark

KNex Challenge #4
1.  Teams are to create a custom motorized car using the pieces from the K’NEX kits using 1-3 motors. 
2.  The teams will be shown a 2’x2’ square located at some position away from the starting point. (We used a distance of approximately 60 feet.)
3.  The goal of this challenge is to get the front wheels of the car inside the 2’x2’ square with the least number of pullbacks required while also attempting to minimize the time required.
4.  The car must come to a complete stop before starting the next pullback.
5.  Although using more motors will get you to your destination with less pullbacks, the scoring of this challenge accounts for the number of pullbacks, as well as the number of motors used.
6.  Each teams score will be based on their PMT (Pullback-Motor-Time) score.

Assessment:  300 * least # of pullbacks/team’s # of pullbacks + 300 * 1/team’s # of motors + 300 * least time/ team’s Time

Technical presentations
1.  Discuss Technical Presentations using attached PowerPoint.
2.  Provide teams time to prepare and present their projects.

KNex Challenges continue on Friday.
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Lesson Plan 
Subjects:  Algebra/Geometry/Physical Science  (8th-12th grades) 
         
Lesson Focus: Cantilevers, Design, Problem Solving, Critical Thinking, Cost Analysis

Resources:  PowerPoint (Day 5) 
KNex Cost Sheet
Technical Presentation PowerPoint  https://drive.google.com/file/d/0B8fdd6cPWHsCYTZLWDR1WGZpRE0/edit?usp=sharing 

Materials (per group): 
For Cantilever Challenge – 
800 gm weight
Dry Beans and scoop, for adding additional weight
Scale for measuring load 
Timer 
Boomilever Adapter to attach to Structure Testing Table  
http://www.pitsco.com/Boomilever_Adapter   
[image: ]
KNex Bridge Kit  - (Set includes 2282 K'NEX® parts – enough to build 7, five to six foot long K'NEX® Bridge models, two at a time. Includes building instructions and teacher's guide aligned to STEM standards http://www.knex.com/shop/16774/real-bridge-building/ 
[image: ]

Preparing the lesson: 
1.  Preview the PowerPoint.
2.  Divide students into small groups. (4-5 students)
3.  Provide materials for each group.
4.  Provide KNex Cost handout to each group. (Color copy is preferable.)
5.  Set up testing area.

Teaching the Lesson:
KNex Cantilever Design Challenge
The final challenge is to design and build a cantilever support structure. (Think of a diving board.)
1.  The materials for construction will be limited to those parts available in the provided K’Nex construction set.
2.  One end of a cantilever is unsupported.
3.  Show everyday examples of cantilevers. (Photos are on the PowerPoint.)
4.  The structure design must be supported by the vertical wall only.
5.  The structure may be on both sides of the wall, but may only touch the wall.
6.  As a minimum, the structure must support the load 12” past the end of the table.
7.  The load support is a piece of wood that is 3 and 1/8” long by 2” wide.  It may be oriented on the structure in any way the team decides.
8.  The structure must be designed to allow for a 1” by 1” clearance below the loading block to allow for the load to be hung below the structure.
9.  The minimum load that the structure must support is approximately 800g.
10.  Once the minimum load has been certified, additional loads may be added until failure of the structure occurs.
11.  Failure is defined as either a catastrophic failure of the structure or a deflection in any dimension of 1” or more.
12.  During the design process, data must be collected on the performance of any designs tried and the process leading to the design modification.
13.  Assuming that the final design meets the minimum specifications, the following elements will be used to determine the final score.
Distance the load is supported from the vertical wall
Mass of the load supported
Cost of the structure
Time to build the structure
14.  At the beginning of the competition, team’s structure will be completely disassembled.
15.  When given the start, the team will assemble their structure using any instructions that they develop beforehand.
16.  They signal when their structure is complete and the time will be recorded.  After they signal, they may no longer make any changes to the structure.
17.  Cost of the structure will be based on the table provided.
[image: ] 
Assessment = 175 * Team’s distance/ Greatest Distance + 150 * Team’s Load/ Greatest Load + 200 * Least Cost/Team’s Cost + 125 * Least Build Time/Team’s Build Time

Technical presentations
1.  Discuss Technical Presentations using attached PowerPoint.
2.  Provide teams time to prepare and present their projects.
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