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Module Summary
Overview of Module

Bicycles, a green technology, can provide a realistic transportation alternative. Students will learn about various types of bicycles used for different purposes or in different environments. Through activities, students will learn about the basic land vehicle systems for propulsion, guidance, control, suspension, structural, and support systems. In the final activity, students develop requirements and design a bicycle that will meet those requirements.

Primary Career Cluster:  Transportation, Distribution, and Logistics
Primary Career-Cluster Pathways:  Sales and Service, Transportation Operations and Transportation Systems/Infrastructure Planning, Management and Regulation

Related Occupations:  Bicycle Repairer, Product Engineer, and Sales Representative

Recommended Grade Level: Middle and High School


Recommended Subject Areas:  Introduction to Technology,  Introduction to Engineering Design, Technological Systems and Power and Technology

Scenario Problem Statement

Bicycles provide an environmentally friendly means for commuting to work, school, or other activities. They can also provide for our exercise and recreation needs. The broad range of bicycle designs reflects the many different uses of bicycles.  However, there are three primary types of bicycle designs: the road bicycle, built for racing and distance riding; the mountain bicycle, built for off-road and recreational riding; and the utility (hybrid) bicycle, built for multiple surfaces and getting around town.

The student's challenge is comprised of designing a bicycle for one of the following consumers: 

· Mark Jensen commutes 4½ miles to work. He wants a bicycle so that he can get some exercise by cycling to work. Mark also needs to save money to help pay for Cindy Jensen’s tuition. 

· Cindy Jensen wants a bicycle for getting around campus as well as for exploring the state park in the nearby mountains. 

· Ted Jensen is an athlete who needs a bicycle for riding in competitive events. These events occur on well- paved roadways and run from 50 to 100 miles. 

Students are asked to account for height and weight of the rider and any additional accessories that may be needed by each rider.

Upon completion of his/her design, students will prepare and perform a 5- to 7-minute sales pitch to convince us how his/her design will meet the needs of the rider they selected. The presentation should include sketches and specific information about drive systems, tires, seats, handle bars, frames, and accessories.

TDL Cluster Knowledge and Skills and Performance Elements Addressed

· TRC03.02  Analyze and evaluate ideas, proposals, and solutions to transportation-, distribution-, and logistics-related problems in order to select the best deliverable to meet business objectives.

National Learning Standards

International Technology Education Association (ITEA), Standards for Technological Literacy (STL)

· Standard 2--Students will develop an understanding of the core concepts of technology.

· Standard 9--Students will develop an understanding of engineering design.

· Standard 11--Students will develop abilities to apply the design process.

· Standard 18--Students will develop an understanding of and be able to select and use transportation technologies.
National Geography Standards: The World in Spatial Terms

· Standard 1  Understand how to use maps and other geographic representations, tools, and technologies to acquire, process, and report information from a spatial perspective.

· Standard 2  Understand how to use mental maps to organize information about people, places, and environments in a spatial context.

· Standard 3  Understand how to analyze the spatial organization of people, places, and environments on Earth's surface.
Science (NGSS) for “Different Bicycles for Different Needs”:

· MS-PS2.A: Forces and Motion

· MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

· MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem. 

· MS-ETS1-3. Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success. 

· HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration.

· HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.

· HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

Common Core Standards

Language Arts

· SL.9-10.1. Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.

Mathematics

· 6.RP.1. Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For example, “The ratio of wings to beaks in the bird house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote candidate A received, candidate C received nearly three votes.”

· 6.RP.2. Understand the concept of a unit rate a/b associated with a ratio a:b with b ≠ 0, and use rate language in the context of a ratio relationship. For example, “This recipe has a ratio of 3 cups of flour to 4 cups of sugar, so there is 3/4 cup of flour for each cup of sugar.” “We paid $75 for 15 hamburgers, which is a rate of $5 per hamburger.”

· 6.RP.3. Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of equivalent ratios, tape diagrams, double number line diagrams, or equations.

· 6.NS.2. Fluently divide multi-digit numbers using the standard algorithm.

· 6.NS.3. Fluently add, subtract, multiply, and divide multi-digit decimals using the standard algorithm for each operation

· A-CED.4. Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. For example, rearrange Ohm’s law V = IR to highlight resistance R.

Objectives
	What I Want Students to Know
	What I Want Students to be Able to Do

	· Understand the principles of force associated with levers, axel and wheels, and gears.

· Explain the different systems of a vehicle.

· Describe different seat and handlebar configurations of bicycles.

· Effectively communicate ideas to an audience.


	· Identify simple machines found on a bicycle.

· Calculate the number of rotations of different sized gears per one rotation of the drive gear.

· Identify different attributes of tire designs.

· Explain the purpose of the suspension system and differentiate between the role of a wheel and that of a tire.

· Select the appropriate bicycle tire design for different uses.

· Explain navigation systems of vehicles.

· Choose appropriate configurations for different bicycle types.

· Design a bicycle based on defined parameters.




Measurement Criteria

· Identified simple machines found on a bicycle

· Calculated gear ratio 

· Reported on the development of tires and how they are used as part of the suspension system of a vehicle

· Identified design principles for various types of bicycle tires

· Designed seat and handlebar configurations for various types of bicycles

· Completed a design for one of the three types of bicycles

· Presented design to justify design choices 

Time Required to Complete Module (Estimated):  11 or 12  50-minute class periods to complete the 4 lessons; however,  you may elect to use only one of the lessons and the time estimated for that lesson is on the plan.

Materials Needed

· Computers with Internet access and computer-aided design or drawing software 

· Poster board, rulers, various other drawing materials

· Bicycle

· Different Bicycles for Different Needs PowerPoint Presentation that can be found in a PPT file that accompanies this module.

Websites

Bicycle Tech, Inc. www.bicycletechonline.com/.

Bicycle Technologies International. www.bti-usa.com/.
Buying a Bike. https://www.bicycling.com/bikes-gear/a20023052/bike-buying-tips/ 
Cycling Navigation. https://ridewithgps.com/ 
Damon Rinard's Bicycle Tech Site. www.sheldonbrown.com/rinard/index.htm.

Drives and Gears. www.exploratorium.edu/cycling/gears1.html.

Edhead’s Activities. http://edheads.org/?page=SimpleMachinesInfo 
Every Bicycle Tire. http://everybicycletire.com/. 

Fitting the Bicycle. http://www.bike-manual.com/brands/trek/om/hybrid/fitting.htm. 

FRM Bicycle Technology. www.frmbikeusa.net 
How a Bicycle Seat Is Made. http://www.madehow.com/Volume-7/Bicycle-Seat.html 
Kendra Bicycle Tires. https://bicycle.kendatire.com/en-us/ 
Saddle/Seat Replacement. www.koobi.com/technology-bicycle-saddle-lifespan.html.

Science of Cycling, Tires and Treads. http://www.exploratorium.edu/cycling/wheel3.html. 

Seat Pressure Issues. https://www.medicinenet.com/script/main/art.asp?articlekey=84072 
Sheldon Brown's Bicycle Glossary. http://www.sheldonbrown.com/gloss_u-v.html. 
Simple Machines. http://exploration.grc.nasa.gov/education/rocket/Talks/SimpleMacSpace.ppt. 

Tire Tech at TireRack.com. www.tirerack.com/tires/tiretech/tiretech.jsp.

Trends in Japan. http://web-japan.org/trends/science/sci040322.html. 

Wrench Science. http://www.wrenchscience.com/mountain/tires/Maxxis. 

	Lesson 1
	Investigating Drive and Gear Systems

	Time Estimate:  75 minutes

	Objectives

	1. Identify the simple machines found on a bicycle.

2. Explain the principles of force associated with levers, axel and wheels, and gears.

3. Calculate the gear ratio on a bicycle.

	Materials & Resources

	· Handout 1, Quiz

· Bicycle

· Basic drawing tools

· Different Bicycles for Different Needs PowerPoint Presentation

· Websites: 

· Drives and Gears. www.exploratorium.edu/cycling/gears1.html.

· Edhead’s Activities. http://edheads.org/?page=SimpleMachinesInfo
· Simple Machines. http://exploration.grc.nasa.gov/education/rocket/Talks/SimpleMacSpace.ppt. . 



	Agenda

	Step
	Minutes
	Activity

	1
	20
	Go thru Slides 1-14 of the PowerPoint, Different Bikes for Different Needs.

Have students review simple machines and the equations for calculating force. 

	2
	10
	Display a bicycle, and have students list all the simple machines found in it.

	3
	25
	Using the bicycle, review the levers, axel and wheels, and gears. Review the formulas for determining force and rotation.

	4
	20
	Have students count the number of gears on one of the drive sprockets and one of the wheel sprockets and calculate the gear ratio.

	5
	
	Give students the quiz which can be found on Handout 1 and also on slide 13 of the PowerPoint.


QUIZ


Quiz Questions and Answers

1.   How did the development of the chain prove to be an important design change for cycles?

Answer: The chain drive eliminated the need to have the cyclist seated directly above the wheel. 

2.  What change made it possible for pedaling resistance to be within a comfortable range for cyclists? 

Answer: The development of stronger materials and other technological and engineering advances.

3.  When pedaling uphill, a cyclist needs to pedal more revolutions to turn the wheel slower. When pedaling downhill, the cyclist changes the gears so that they pedal less and the wheel turns more. Changing the gears allows the cyclist to change the _________. 

Answer: gear ratio

4.  In the Paul de Vivie Alias “Velocio” article, the word derailleur is used several times. What is a derailleur, and how is it used on modern bicycles?  

Answer: A derailleur is a variable-ratio transmission system commonly used on bicycles, consisting of a chain, multiple sprockets of different sizes, and a mechanism to move the chain from one sprocket to another. It’s used in different situations to create torque or speed out of the bicycle’s drive train.

5.  What would the gear ratio be if the “driver” gear has 36 teeth and the “driven” gear has 12? 

Answer: The gear ratio would be 3:1.

	Lesson 2
	Exploring Bicycle Tire Designs

	Time Estimate:  3 ½   50 minute periods

	Objectives

	1. Identify the different systems of a vehicle.

2. Explain the purpose of the suspension system. 

3. Differentiate between the wheel and the tire.

4. Identify the benefits of various tire designs.

5. Select the appropriate bicycle tire design for different uses

	Materials & Resources

	· Computers with Internet access,

· Basic drawing tools
· Different Bicycles for Different Needs PowerPoint Presentation

· Websites: 

· Every Bicycle Tire. http://everybicycletire.com/. 

· Kendra Bicycle Tires. https://bicycle.kendatire.com/en-us/
· Science of Cycling, Tires and Treads. http://www.exploratorium.edu/cycling/wheel3.html. 

· Tire Tech at TireRack.com. www.tirerack.com/tires/tiretech/tiretech.jsp.

· Trends in Japan. http://web-japan.org/trends/science/sci040322.html. 

· Wrench Science. http://www.wrenchscience.com/mountain/tires/Maxxis.  



	Agenda

	Step
	Minutes
	Activity

	1
	30
	Go thru Slides 15-27 of the PowerPoint, Different Bikes for Different Needs.

Have students review vehicle systems for propulsion, guidance, control, suspension, structural, and support systems.

	2
	2 hours
	Have students prepare a report on the development of tires and how they are used as part of the suspension system of vehicles.

	3
	30
	Have students use the Internet to explore the different tire designs for bicycles and the uses of each design.

	4
	30
	Instruct students to create drawings of different types of tires, identifying which tire would be used on each of the three basic types of bicycles: road, mountain, and utility.


	Lesson 3
	Exploring Types of Bicycle Seats and Handle Bars

	Time Estimate:  4  50 minute periods

	Objectives

	1. Explain navigation systems of a vehicle.

2. Identify different seat and handlebar configurations of bicycles.

3. Choose the appropriate configurations for different bicycle types.

	Materials & Resources

	· Handout 2, Second Quiz

· Computers with Internet access

· Basic drawing tools

· Different Bicycles for Different Needs PowerPoint Presentation

· Websites: 

· Cycling Navigation. https://ridewithgps.com/
· Fitting the Bicycle. http://www.bike-manual.com/brands/trek/om/hybrid/fitting.htm. 

· How a Bicycle Seat Is Made. http://www.madehow.com/Volume-7/Bicycle-Seat.html
· Saddle/Seat Replacement. www.koobi.com/technology-bicycle-saddle-lifespan.html.

· Seat Pressure Issues.    https://www.medicinenet.com/script/main/art.asp?articlekey=84072
· Sheldon Brown's Bicycle Glossary. http://www.sheldonbrown.com/gloss_u-v.html. 
.

	Agenda

	Step
	Minutes
	Activity

	1
	20
	Go thru Slides 28-30 of the PowerPoint, Different Bikes for Different Needs.

Have students review navigation systems used in transportation.

	2
	20
	Have students use the Internet to explore different configurations of bicycle seats and handlebars.

	3
	15
	Have students draw diagrams of seat and handlebar configurations, identifying the type of bicycle that would be associated with each configuration.

	4
	20
	Instruct students to write a brief description for each configuration, explaining how this configuration meets the needs of the bicycle type.

	5
	
	Give students quiz in Handout 2 or in slide 29-30 of PowerPoint Presentation


                         Second QUIZ
Quiz Questions
1.    How should you be aerodynamically positioned on the bicycle when you are trying to increase speed?

Answer: Your body should be bent deeply over the handlebars. Handlebars should be lower than the seat.

2.  How might you be positioned when you are making a long commute and are trying to achieve comfort? 

Answer: Upright position. Handlebars should be higher than the seat.

3.  What two bike parts work together to balance the rider on the bicycle? 

Answer: Handlebars and saddle

4.  Should the handlebars be lower or higher than the seat on a road bike? Why? 

Answer: The handlebars should be lower than the seat. This increases the aerodynamic position of the rider, and, thereby, increases speed.

5.  Should the handlebars be higher or lower on a utility/hybrid bicycle? Why? 

Answer: The handlebars should be higher than the seat. This allows the rider to be more comfortable because speed and aerodynamics aren’t necessary.

6.  According to what you’ve read, how do the handlebars fit under the control category? 

Answer: The handlebars are used to change or regulate the speed and direction of a vehicle’s travel. 

7.  Using the correct gearing is crucial to the amount of power generated while pedaling. Why is the seat height crucial to the amount of power generated? 

Answer: Extending the knee is the primary source of pedaling power. If the seat is too low, power will be low. But if the seat is too high, stress is placed on the knee and lower back.

8.  What does changing the fore-aft and weight distribution of the seat have to do with control? 

Answer: Weight distribution on the wheels affects handling.

	Lesson 4
	Designing Custom Bicycles

	Time Estimate: 6  50 minute periods

	Objectives

	1. Communicate ideas to an audience.

2. Design a bicycle based on defined parameters.

	Materials & Resources

	· Computers with design software or basic drawing tools

· Handout 3, Scenario

· Different Bicycles for Different Needs PowerPoint Presentation

· Websites: 

· Bicycle Technologies International. www.bti-usa.com/.

· Bicycle Tech, Inc. www.bicycletechonline.com/.

· Buying a Bike. https://www.bicycling.com/bikes-gear/a20023052/bike-buying-tips/
· Damon Rinard's Bicycle Tech Site. www.sheldonbrown.com/rinard/index.htm.

· FRM Bicycle Technology. www.frmbikeusa.net
.

	Agenda

	Step
	Minutes
	Activity

	1
	2 hours
	Use Slides 31-32 of the PowerPoint, Different Bikes for Different Needs.

Distribute Handout 3, Scenario.

Have students design a bicycle, using available drawing or computer based tools, that meet the needs of one of the persons described in the letter. See handout, next page.

	2
	2 hours
	Instruct students to prepare a “sales presentation" that explains all the attributes and specifications of the bicycle and how that bicycle meets the needs of the intended recipient.

	3
	10 minutes per student
	Have students present to the class the attributes and specifications of their bicycle design and how that bicycle meets the needs of the intended recipient.


SCENARIO
Design a bicycle for one of the following consumers: 

· Mark Jensen commutes 4½ miles to work. Mark wants a bicycle so that he can get some exercise by riding to work. He also needs to save money to put his daughter, Cindy, through college.

· Cindy Jensen, college student, wants a bicycle for getting around campus as well as for exploring the state park in the nearby mountains. 

· Ted Jensen is an athlete who needs a bicycle for riding in competitive events. These events occur on well-paved roadways and run from 50 to 100 miles. 

In your design, be able to justify your choices and account for height and weight of the rider and any additional accessories that may be needed by each rider. Remember, the first priority is to plan the design for a great bike. The second priority is to sell this bike to the intended recipient. You need to make this bike attractive to your consumer.

Essay

Write at least a 500-word essay, providing specific information about vehicle systems, tires, seats, handlebars, frames, and accessories. You may also include any information about simple machines that you think is relevant.  

Presentation

Now that your design is finished, prepare and perform a 5- to 7-minute sales pitch to convince us (the class) how your design will meet the needs of the intended recipient. The presentation should include sketches and specific information about drive systems, tires, seats, handle bars, frames, and accessories.

Teacher                    

   Assessment Material
Final Evaluation Criteria
· Identified simple machines found on a bicycle

· Calculated gear ratio 

· Reported on the development of tires and how they are used as part of the suspension system of a vehicle

· Identified design principles for various types of bicycle tires

· Designed seat and handlebar configurations for various types of bicycles

· Completed a design for one of the three types of bicycles

· Presented design to justify design choices 

Score Sheet for Assessment on each Lesson’s Activities on following page.

Rubric for Presentation attached
ASSESSMENT

Grading Score Sheet for Lesson Activities
	Student Name: 
	Scoring

	Activity and Rubric
	1
	2
	3
	4

	Lesson 1, Activity 2

Identification includes all simple machines found on the selected bicycle.
	
	
	
	

	Lesson 1, Activity 4

Calculation presents the gear ratio. 
	
	
	
	

	Lesson 2, Activity 2

Report details the relationship between the tires and the suspension of the bicycle. 
	
	
	
	

	Lesson 2, Activity 4

Drawings justify how the tires correspond to a particular bicycle type. 
	
	
	
	

	Lesson 3, Activity 3
Images and/or drawings of seat and handlebars configurations identify the type of bicycle for each configuration.
	
	
	
	

	Lesson 3, Activity 4
Descriptions for each configuration explain how the configuration meets the needs of the bicycle type.
	
	
	
	

	Lesson 4, Activity 1
Bicycle design meets the needs of the intended recipient.
	
	
	
	

	Lesson 4, Activity 3
Presentation is assessed according to the presentation rubric included in the module.
	
	
	
	

	Total points
	/32


Student Presentation Rubric
	
	1
	2
	3
	4
	Total

	Organization
	Student presents information without any logical sequence, and audience cannot follow presentation.
	Student presents information in disjointed sequence, and audience has difficulty following presentation.
	Student presents information in logical sequence, and audience can follow presentation.
	Student presents information in logical, interesting sequence, and audience can easily follow presentation.
	

	Subject Knowledge
	Student does not have grasp of subject and cannot answer questions about it.
	Student is somewhat familiar with subject and can answer only rudimentary questions.
	Student is knowledgeable about subject and can answer all questions but fails to elaborate.
	Student demonstrates full knowledge of subject (more than required) by answering all questions with explanations and elaboration.
	

	Graphics
	Student uses superfluous graphics or no graphics.
	Student occasionally uses graphics that rarely support text and presentation.
	Student uses graphics that relate to text and presentation.
	Student uses graphics that explain and reinforce text and presentation.
	

	Mechanics
	Presentation has four or more misspellings and/or grammatical errors.
	Presentation has three misspellings and/or grammatical errors.
	Presentation has no more than two misspellings and/or grammatical errors.
	Presentation has no misspellings or grammatical errors.
	

	Eye Contact
	Student uses no eye contact and reads all of report.
	Student occasionally uses eye contact but still reads most of report.
	Student maintains eye contact most of the time but frequently returns to notes.
	Student maintains eye contact with audience and seldom returns to notes.
	

	Elocution
	Student mumbles, pronounces terms incorrectly, and speaks so quietly that audience members in the back of room cannot hear presentation.
	Student enunciates indistinctly, pronounces some terms incorrectly, and speaks so quietly that some audience members have difficulty hearing presentation.
	Student enunciates clearly, pronounces most words correctly, and speaks loudly enough for most audience members to hear presentation.
	Student enunciates quite clearly, pronounces all words correctly and precisely, and speaks so that all audience members can easily hear presentation.
	

	Total Points
	/24


Adapted from Evaluating Student Presentations, Information Technology Evaluation Services, NC Department of Public Instruction.
Handout 1, Lesson 1
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