Invent-a-Wheel (Grades K-1)

Teacher’s Guide 

Overview

This unit develops energy concepts through children’s attempts to get something to slide, and eventually, roll downs a ramp.  The key concepts, which are largely implicit, are gravitational energy and its enemy, friction. 

Students begin by exploring ways to get an object to move, perhaps by pushing, pulling or blowing on it. The next challenge is to find a way to get it to move by itself – without touching it. An obvious solution is to make a ramp. In Lesson 3, students use small cardboard rectangles as sleds, and investigate how the height of a ramp affects whether a sled will go down. The following lesson focuses on how different surfaces affect sliding. Surface materials available for testing include cardboard, cardstock, wax paper, aluminum foil and sand paper. Next, students improve the “slipperiness” of a sled by putting rollers underneath. However, these rollers separate easily from the sled, and do not follow it beyond the bottom of the ramp. To solve this problem, students attach the rollers to the sled – thereby inventing the wheel! A sled with wheels is a car. In Lesson 8 they test their cars against one another’s’ cars. Lessons 9 and 10 require students to draw and write about their cars – first by showing the assembled car with parts labeled, and then by creating a How-to Book explaining how to make one. In Lesson 11 they improve on their designs, mechanically and esthetically, and in the final lesson present their cars to an audience. Table 1 provides a summary of the lessons.

Common Core Learning Standards for ELA
Common Core Writing Standards K-1
Text Types and purposes

2. Use a combination of drawing, dictating and writing to compose informative/ explanatory texts (K); Write informative/explanatory texts (1).  

Production and Distribution of writing

5. With guidance and support from adults, respond to questions questions and suggestions from peers and add details to strengthen writing as needed.
Research to Build and Present Knowledge

8. With guidance and support from adults, recall information from experiences to answer a question.

Common Core Speaking and Listening Standards K-1
Comprehension and Collaboration

1. Participate in collaborative conversations with diverse partners.
Presentation of Knowledge and Ideas

4. Describe familiar events

5. Add drawings to descriptions to provide additional detail.
Common Core Language Standards K-1

Conventions of Standard English

1. Demonstrate command of the conventions of standard English grammar and usage when writing or speaking. 
Vocabulary acquisition and use

4. Demonstrate or clarify the meaning of unknown and multiple-meaning words and phrases. 

Common Core Learning Standards for Mathematics

Standards for Mathematical Practice

MP 4: Model with mathematics.

MP 5: Use appropriate tools strategically.

MP 6: Attend to precision.

Measurement and Data (K.MD)
Describe and compare measurable attributes.

1. Describe measurable attributes of objects, such as length or weight.

Describe several measurable attributes of a single object.

2. Directly compare two objects with a measurable attribute in common, to see which object has “more of”/“less of” the attribute, and describe the difference. 

Measurement and Data (1.MD)
Measure lengths indirectly and by iterating length units.

1. Order three objects by length; compare the lengths of two objects indirectly by using a third object.

2. Express the length of an object as a whole number of length units, by laying multiple copies of a shorter object (the length unit) end to end; understand that the length measurement of an object is the number of same-size length units that span it with no gaps or overlaps. 

Represent and interpret data.

4. Organize, represent, and interpret data with up to three categories; ask and answer questions about the total number of data points, how many in each category, and how many more or less are in one category than in another.

Next Generation Science Standards/ Frameworks for K-12 Science Education

Dimension 1: Scientific and Engineering Practices:

1. Asking questions and defining problems: Students should be able to ask questions of each other about the phenomena they observe and the conclusions they draw from their models or scientific investigations. For engineering, they should ask questions to define the problem to be solved and to elicit ideas that lead to the constraints and specifications for its solution. 

2. Developing and using models: Students should be asked to use diagrams, maps and other abstract models as tools that enable them to elaborate on their own ideas, develop explanations and present them to others. 

3. Planning and carrying out investigations: In the elementary years, students’ experiences should be structured to help them learn to define the features to be investigated, such as patterns that suggest causal relationships. 
4. Analyzing and interpreting data: At the elementary level, students need support to recognize the need to record observations – whether in drawings, words or numbers – and to share them with others.
5. Using mathematics and computational thinking: Students should have opportunities to explore how symbolic representations can be used to represent data and to predict outcomes.
6. Constructing explanations and designing solutions: The process of developing a design is iterative and systematic, as is the process of developing an explanation in science. Elements that are distinctive in engineering include specifying constraints and criteria for desired qualities of the solution, developing a design plan, producing or testing models or prototypes, selecting among alternative design features, and refining design ideas based on the performance of a prototype. 
7. Engaging in argument from evidence: In engineering, reasoning and argument are essential to finding the best possible solution to a problem. At an early design stage, competing ideas must be compared (and possibly combined), and the choices are made through argumentation about the merits of the various ideas pertinent to the design goals.
8. Obtaining, evaluating and communicating information: Students need opportunities to communicate ideas using appropriate combinations of sketches, models and language. They should also create drawings to test concepts and communicate detailed plans; explain and critique models, and present both planning stages and ultimate solutions.  
Dimension 2: Crosscutting concepts:

1. Patterns: Noticing patterns is often a first step to organizing and asking scientific questions about why and how the patterns occur. In engineering, it is important to observe and analyze patterns of failure in order to improve a design.  
2. Cause and effect: mechanism and prediction: Any application of science, or any engineered solution to a problem, is dependent on understanding the cause-and-effect relationships between events. The process of design is a good place to start, because students must understand the underlying causal relationships in order to devise and explain a design to achieve a specified objective.
3. Scale, proportion and quantity: The concept of scale builds from the early grades as an essential element of understanding phenomena. Young children can begin understanding scale with objects, space and time related to their world and with scale models and maps.
4. Systems and system models: A system is an organized group of related objects or components that form a whole. Models can be valuable in predicting a system’s behaviors or in diagnosing its problems and failures. Starting in the earliest grades, students should be asked to express their thinking with drawings or diagrams and with written or oral descriptions. They should describe objects in terms of their parts and the role those parts play in the functioning of the object. 

5. Energy and matter: flows cycles and conservation: Laws of conservation of matter and energy provide limits on what can occur in a system, whether human-built or natural. The ability to examine, characterize and model the transfers and cycles of matter and energy is a tool that students can use across virtually all areas of science and engineering.
6. Structure and function: The functioning of systems depends on the shapes and relationships of certain key parts, as well as on the properties of the materials. Exploration of the relationship between structure and function can begin in the early grades through investigations of accessible systems in the natural and human-built world. 
7. Stability and change: Much of science and mathematics has to do with understanding how change occurs in nature and in social and technological systems, and much of engineering has to do with creating and controlling change. 
Dimension 3: Disciplinary Core Ideas – Physical Science:

Core Idea PS2: Motion and Stability: Forces and Interactions
Interactions between any two objects can cause changes in one or both of them. An understanding of the forces between objects is important for describing how their motions change, as well as for predicting stability or instability in systems.

Core Idea PS3: Energy
Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between systems. Energy manifests itself in multiple phenomena, such as motion, light, sound, electrical and magnetic fields and heat energy.

Core Idea PS4: Waves and their Applications in Technologies for Information Transfer 
Electromagnetic waves can be detected over a wide range of frequencies, of which the visible spectrum is just a small part. Modern communication systems are based on the use of electromagnetic waves, including light waves, radio waves, microwaves and infrared.

Dimension 3: Disciplinary Core Ideas – Engineering, Technology and Applications of Science

Core Idea ETS1: Engineering Design
Engineering design begins with the identification of a problem and the specification of clear goals that the final product or system must meet, while contending with a variety of limitation, or constraints, that place restrictions on a design. Models allow the designer to better understand the features of a design problem, visualize elements of a possible solution and predict a design/s performance. Because there is always more than one possible solution to a problem, it is useful to compare designs, test them and compare their strengths and weaknesses. Selection of a design often requires making trade-offs among competing criteria. 

Core Idea ETS2: Links among Engineering, Technology and Society
Advances in science, engineering and technology have had profound effects on human society, which can change significantly when new technologies are introduced, with both desired effects and unexpected outcomes.
Curriculum Map
	Lesson
	Title
	Summary
	Approx. time (min.)
	Vocabulary
	Assessment Methods

	1
	How Can You Get It To Move?
	Exploring ways of getting a flat object to move
	50
	blow, cardboard, drop, flip, lift, materials, motion, pull, push, ramp, roll, shift, slide, spin, wiggle
	Observation, discussion, written work

	2
	Playground Slides
	Exploring slides in the playground
	50
	ball, bounce, different, distance, drop, fast, half way, quick, roll, rough, rubber, same, size, slippery, slow, smooth, speed, stuck, weight
	Observation, discussion, written work

	3
	Ramps and Sleds
	Trying to get a sled to go down a ramp, and exploring the effect of ramp height
	100
	bumpy, experiment, fold, force, friction, gravity, half way, height, highest, inches, investigation, lowest, notice, observe, predict, roll, rough, sideways, size, sled, slow, smooth, speed, stand, stuck, surface, template, test, weight
	Observation, discussion, written work

	4
	Surfaces and Friction
	Looking at how different ramp surfaces affect the movement of the sled
	100
	aluminum foil, bare, cardstock, classify, compare, crinkly, crumpled, data, effect, explore, feel, felt, friction, hard, inches, record, results, sand paper, scratchy, soft, texture, touch, wax paper
	Observation, discussion, written work

	5
	Sled Re-design
	Re-design sleds to slide on a variety of surfaces
	100
	design, down, experimenting, findings, lids, masking tape, paper clips, paper fasteners, re-design, reduce, slope, steep, troubleshoot, washers
	Observation, discussion, written work, student projects

	6
	Let’s Roll
	Using rollers to make the sled move more easily
	100
	rollers, round, skewers, stirrers, straws
	Observation, discussion, written work, student projects

	7
	Make a Car
	Inventing the wheel and the car by adding rollers to a sled
	100
	axle, clay, compare, negative, positive, rotate, rubber bands, solution, stop, through, wheel
	Observation, discussion, written work, student projects

	8
	A Test Drive
	Testing cars against each other
	50
	curve, furthest, test drive
	Observation, discussion, written work, student projects

	9
	Car Facts
	Students drawing and writing about the cars they have made
	50
	bird’s eye view, body, bottom, diagram, exploded, gallery, label, side, top, view, viewpoint
	Drawings and diagrams made by students

	10
	Write a How-to-Book
	Making a How-to Book showing someone how to make a car
	150
	first, fourth, last, next, second, third


	Observation, discussion, written work

	11
	Improve Your Ride
	Redesigning cars to make them work better and look better
	100
	better, decorate, identify, improve, pipe cleaners, re-design


	Observation, discussion, written work, student projects

	12
	The Auto Show
	Presenting cars to an audience
	100
	audience, display, explain, museum, presentation, visitor
	Observation, student projects

	Lesson
	Title
	Standards alignment

	
	
	CCLS -- ELA
	CCLS -- Math
	NGSS -- Science. & Engineering Practices
	NGSS – Cross-cutting Concepts
	Disciplinary Core Ideas

	1
	How Can You Get It To Move?
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas Language: Conventions of Standard English, Vocabulary Acquisition and Use


	
	3. Planning and carrying out investigations

8. Obtaining, evaluating and communicating information
	2. Cause and effect: mechanism and prediction
	PS2: Motion and Stability: forces and interactions

	2
	Playground Slides
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas Language: Conventions of Standard English, Vocabulary Acquisition and Use
	
	3. Planning and carrying out investigations

8. Obtaining, evaluating and communicating information
	2. Cause and effect: mechanism and prediction
	PS2: Motion and Stability: forces and interactions

	3
	Ramps and Sleds
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 
Language: Conventions of Standard English, Vocabulary Acquisition and Use
	Standards  for Mathematical Purpose: Model with mathematics, Use appropriate tools strategically, Attend to precision

Kindergarten –Measurement and Data: Describe and compare measurable attributes
First Grade – Measurement and Data: Measure lengths indirectly and by iterating length units, Represent and interpret data
	4. Analyzing and interpreting data

7. Engaging in argument from evidence
	1. Patterns 

2. Cause and effect: mechanism and prediction

5. Energy and matter: flows cycles and conservation
	PS2: Motion and Stability: forces and interactions

	4
	Surfaces and Friction
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use
	Standards  for Mathematical Purpose: Model with mathematics, Use appropriate tools strategically, Attend to precision

Kindergarten –Measurement and Data: Describe and compare measurable attributes
First Grade – Measurement and Data: Measure lengths indirectly and by iterating length units, Represent and interpret data
	4. Analyzing and interpreting data

5. Using mathematics and computational thinking
	1. Patterns 

2. Cause and effect: mechanism and prediction

5. Energy and matter: flows cycles and conservation
	PS3: Energy


	Lesson
	Title
	Standards alignment

	
	
	CCLS -- ELA
	CCLS -- Math
	NGSS -- Science. & Engineering Practices
	NGSS – Cross-cutting Concepts
	Disciplinary Core Ideas

	5
	Sled Re-design
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use


	
	1. Asking Questions and Defining Problems

6. Constructing Explanations and Designing Solutions
	2. Cause and effect: mechanism and prediction

6. Structure and function
	PS2: Motion and Stability: forces and inteactions

PS3: Energy



	6
	Let’s Roll
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use


	
	1. Asking questions and defining problems

6. Constructing explanations and designing solutions
	2. Cause and effect: mechanism and prediction

6. Structure and function
	PS2: Motion and Stability: forces and interactions

PS3: Energy

	7
	Make a Car
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use


	
	2. Developing and using models


	2. Cause and effect: mechanism and prediction

3. Scale, proportion and quantity

6. Structure and function

7. Stability and change


	ETS1: Engineering Design




	Lesson
	Title
	Standards alignment

	
	
	CCLS -- ELA
	CCLS -- Math
	NGSS -- Science. & Engineering Practices
	NGSS – Cross-cutting Concepts
	Disciplinary Core Ideas

	8
	A Test Drive
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use


	
	1. Asking questions and defining problems

7. Engaging in argument from evidence
	6. Structure and function

7. Stability and change


	PS2: Motion and Stability: forces and interactions

	9
	Car Facts
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use


	
	2. Developing and using models
	4. Systems and system models
	ETS1: Engineering Design

	10
	Write a How-to-Book
	Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use
	
	8. Obtaining, evaluating and communicating information
	4. Systems and system models
	ETS2: Links among Engineering, Technology and Society

	11
	Improve Your Ride
	Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Vocabulary Acquisition and Use


	
	1. Asking questions and defining problems

3. Planning and carrying out investigations

7. Engaging in argument from evidence
	2. Cause and effect: mechanism and prediction

6. Structure and function

7. Stability and change


	ETS1: Engineering Design

	12
	The Auto Show
	Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Vocabulary Acquisition and Use


	
	8. Obtaining, evaluating and communicating information
	
	


Teaching Strategies

Learning: People learn by doing, and then reflecting on what they have done. In engineering, the goal is to design and create something new, and new designs rarely work well the first time. The effort to troubleshoot and fix something that doesn’t work provides rich motivation for learning. This curriculum unit provides numerous opportunities for students to explore for themselves, make things based on what they have learned, and reflect on their work in both oral and written form. Just as there is no one way to design something new, there is no one way to teach this unit. Be creative and flexible, and your students will be too!
Vocabulary: Words are not very meaningful unless they are connected with concepts. For this reason, we do not believe in presenting vocabulary words at the beginning of a lesson. Provide students with experiences that allow them to develop the concepts for themselves, and encourage them to use their own words to describe these concepts. Then provide the words that professional scientists and engineers use to describe these same concepts. These are the words provided in the Vocabulary column of the curriculum maps and the Word Bank section of each lesson. The Glossary at the end of this unit provides a working definition for each word.

Writing and Drawing: Writing and drawing are essential parts of engineering design. The person who created something new is the only person who can describe what they did, and may be strongly motivated to convey these original ideas to others. This curriculum unit provides numerous opportunities for students to make sense of what they have done through text and graphics. They are encouraged to describe what they plan to make, the issues that prevented it from working, how someone else could make it, how it works and what was learned from it.
As much as possible, students need to express themselves in their own words (see Vocabulary, above), with no more prompts than necessary to get them started. The boxes labeled Science Notebook and the worksheets in the lessons provide starting points. These can be used in any combination, and students should also have opportunities to do more open-ended writing, for example to reflect on how they feel about their work. 

Science Notebook entries are boxed.
· Writing prompts have lightning bullets.

Writing in notebooks and worksheets is primarily for the students themselves – to help them consolidate and remember what they have learned and communicate it to others – but it also serves as an assessment tool. It should not be marked closely for grammar and spelling. However, it is appropriate to ask students to read what they have written to the class, and to challenge them to clarify ideas that are unclear or incomplete. Much of the description will require drawings or diagrams as well as text, and it is important to help students learn to coordinate these two modes of communication. 

Discussion: Speaking and listening are essential forms of literacy and are central to learning science and engineering. The purpose of a discussion, like that of writing and drawing, is to create meaning. A discussion is not a question-and-answer session led by the teacher, nor a sharing session in which students simply report on what they did. Making meaning requires that students listen and respond to one another’s ideas. In a discussion of engineering design, students may want to bring up issues that they have encountered. Other students may respond by identifying similar issues, and/or by suggesting solutions that they have come up with. As the teacher, your role is to facilitate this give-and-take, by posing questions for discussion and then maintaining focus within the group. Sample focusing questions are identified like this within each lesson:

· Lightning bullets and italics indicate prompts for discussion

Reference: Worth, K., Winokur, J. Crissman, S., Heller-Winokur, M. (2009) The Essentials of Science and Literacy: A Guide for Teachers. Portsmouth, NH: Heinemann.

Structure of the Lesson Plans

The following categories appear in each lesson (*), or most lessons (**): 

*Essential Question 
*Task 
*Standards 
*Outcomes 
*Assessment 
**Advance Preparation 
*Materials 
*Procedure 
**Word bank 
**Worksheets 

Overview of Basic concepts

Energy is needed to make things happen, such as getting something to move. Energy can take many forms. Types include energy of sound, light, heat, position and motion; as well as elastic, chemical, magnetic and electrical energy. Energy can’t be created or destroyed, but it can be changed from one form to another. In order to get something to move we can create a push or a pull. Mechanical energy is transferred from your hand to whatever is being pushed or pulled creating kinetic energy. As the object moves, friction turns the kinetic energy into thermal energy ultimately slowing the object down as all the kinetic energy is transformed.

Teacher Notes on the Lessons

Lesson 3: Ramps and Sleds

Children usually report conflicting results as to the height at which the sled will move on the ramp.  There are various reasons for this. Whether the sled will begin to slide down the ramp may depend on factors other than just the height of the slide. Here are some other issues that could affect the outcome:

· Dropping the sled, rather than placing it gently:  If the sled is dropped on the ramp it may begin to move, whereas if it is carefully set down and given no initial push the sled may remain stationary.

· Knocking the ramp after placing the sled on it:  If the slide is tapped or bumped, it may cause the sled to begin to move.

· Putting the sled at different places on the ramp.  There are inconsistencies in the cardboard surface.  These may result in the sled moving at some places and not at other places.

Lesson 7: Make a Car

The barbecue skewers do not all have exactly the same diameter.  Thus, wheels slide easily onto some skewers and turn easily on them. On other skewers wheels fit tightly so that both the skewer and wheel must turn together.

If the wheels turn easily on the skewer, the main problem is that the wheels may fall off, which is addressed above.  The other major problem is that a wheel may rub against the cardboard. Help the student find the place where rubbing is creating too much friction, and brainstorm ways to reduce it.

If the wheels fit tightly on a skewer, the skewer will need to be attached to the bottom of the car in a way that allows the skewer to turn freely.  If the skewer is taped directly to the cardboard, it will not turn and then the wheels will not turn either.  A simple solution is to place the skewer through a straw, and then tape the straw to the bottom of the cardboard.  This leaves the skewer free to rotate inside the straw, and allows the skewer and wheels to turn easily.

Lesson 9: Car Facts

Sample Diagrams
Top View

Side View


Notes:

1. Dashed lines represent objects that are hidden from view.

2. Drawing the rubber band in a separate color makes the drawing less confusing to look at.

Exploded View

This drawing of an exploded view also shows another way in which to make a car. The car has bearings (straws) in which the axles (skewers) slide into.

Materials
	Item
	Detail
	Qty
	Lessons used in

	Cardboard sheets (ramps), slit to accommodate stand
	8 ½ x 11 
	30
	1, 3, 4, 5, 6, 7

	Cardboard rectangles 
	4 ¼ ″ x 5½ ″  
	100
	3, 4, 5, 6, 7, 8, 11

	Templates for ramp stands
	Printed on cardstock
	40
	

	Reclosable storage bag
	2 gallon
	25
	5-12

	Blank cardstock
	8 ½″ x 11″ assorted colors
	50
	4, 5, 11



	Felt
	8″ x 10″ sheet
	25
	

	Wax paper
	Roll
	1
	

	Aluminum foil
	Roll
	1
	

	Sand paper
	8″ x 10″ sheet
	25
	

	Masking tape
	2 rolls
	
	4, 5, 6, 7, 11

	Jumbo paper clips
	Box of 100, smooth
	1
	4, 5, 7, 11



	Wooden barbecue skewers 
	6″  & 8″,  150 of each
	300
	

	Wire stripper (for cutting skewers)
	
	1
	

	Plastic coffee stirrers
	5″
	100
	

	Straws 
	Box  of 100, ¼ in. diam.
	2
	

	Rubber bands
	¼ lb. bag, assorted  #511378
	1
	

	Wheels w/ 3 mm. holes
	Pitsco  black plastic
	100
	7, 11

	Steel washers
	½ ″, box of 50
	1
	5

	Plastic spoons
	6 ″
	50
	


	Craft supplies

	Google eyes
	Small bag assorted sizes 
	1
	11-12

	Feathers
	Small bag, assorted shapes & colors
	1
	

	Foam stickers
	Small bag, assorted shapes & colors
	1
	

	Pipe cleaner
	Assorted colors
	30
	

	Cocktail umbrella
	Assorted colors, 4” diam. 
	30
	

	Pom-poms
	Small bag, assorted sizes and colors
	1
	


	Provided by School 

	Blocks, boxes, bags and other found objects
	These can be any objects that have flat sides, i.e., that can’t roll. 
	1

	Glue
	School glue or glue stick
	3, 5, 11

	Clay, putty or Play Doh
	Small quantities for keeping wheels for falling off
	7

	Art supplies
	Markers, crayons, etc.
(whatever is available) for decorating cars
	11

	Bins or boxes
	Large enough for storing students’ cars between lessons
	5-12

	Materials for playground
	rubber mats, balls
	2


Lesson 1: How Can You Get It To Move?
Essential Question
How can we make objects move in as many ways as possible.

Task

Students try to get things to move, first without a ramp, then with a piece of cardboard that can be used as a ramp.

Standards
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas Language: Conventions of Standard English, Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 3. Planning and carrying out investigations

Cross-cutting Concepts 2. Cause and effect: mechanism and prediction

Disciplinary Core Ideas PS2: Motion and Stability: forces and interactions

Outcomes

· Students explore methods of initiating motion of an object, and recognize that something “extra” is needed to make it go.

· The “extra” needed to make something move could come from a person, in the form of a push or pull. It could also be made to move by putting it in a place where it “wants” to move, such as at the top of a ramp or slide.  

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Identify that a push or pull is needed to make something move
	Unable to articulate that objects need a push or pull to create motion
	Able to articulate that objects need a push or pull to create motion but not both
	Able to articulate that objects need a push or pull to create motion 
	(3) + Can identify the direction of motion

	B. Pushes and pulls can come from a person or by placing the object on a ramp
	Unable to articulate that a person or a ramp can make an object move 
	Able to articulate that a person or a ramp can make an object move but not both
	Able to articulate multiple ways that a person or a ramp can make an object move 
	(3) + That the greater the force  or the higher the ramp the greater the movement 


Advance Preparation

· Make copies of student worksheet “How I Made it Move”
· Create a chart to record the variety of ways students were able to make the cardboard move

· Prepare and collect materials for the class

Materials

· Variety of small objects that cannot roll: books, wooden or plastic blocks, small boxes, bags, pieces of paper or cardboard, etc.

· Cardboard sheets (for making ramps)
Procedure

1. How can you get it to move? (Part #1)
· Give students a variety of objects. Ask the students to try different ways of moving them. 
2. Class Meeting: 
· Gather the class to discuss the ways they came up with. They have probably thought of pushing and pulling, possibly blowing, pushing with a stick, etc. Chart with the students how they were able to get the objects to move. (Movement can be sorted into two categories, pushing and pulling.
3. How can you get it to move? (Part #2)
· Provide the large sheets of cardboard, but do not suggest how they might be used (as ramps) – some students will probably come up with this idea on their own. Students may also use the cardboard in a see saw motion (essentially creating two ramps).

4. Discussion
Gather the class to discuss the ways they came up with. If anyone has thought of using the cardboard sheet as a ramp, ask students:
·  What did you notice in how the cardboard moved before and after we used the ramp? 
If nobody has come up with this idea, ask: 
· How can you get it to move “by itself” – while you are not touching it? 

Word bank
Blow, Cardboard, Drop, Flip, Lift, Materials, Motion, Pull , Push , Ramp, Roll, Shift , Slide, Spin, Wiggle

	Science Notebook

· Draw and write about what you did to make something move. List the materials you used. 


Name: _________________________ Date: _______________ Class: ________

How I Made it Move

	


	

	

	

	

	


Lesson 2: Playground Slides
Essential Question

What can we learn and experience about movement by exploring a playground slide?
Task

Time and weather permitting, students explore slides in the playground. Students are encouraged to slide themselves in a variety of way and use a number of objects and surfaces to explore.
Standards
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas Language: Conventions of Standard English, Vocabulary Acquisition and Use
NGSS:

Science & Engineering Practices 3. Planning and carrying out investigations, 8. Obtaining, evaluating and communicating information

Cross-cutting Concepts 2. Cause and effect: mechanism and prediction

Disciplinary Core Ideas PS2: Motion and Stability: forces and interactions

Outcomes

· Students explore a variety of things that might alter how things slide. 

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Identify objects that slide and objects that do not slide
	Unable to articulate what objects slide
	Able to articulate objects that slide or do not slide but not both
	Able to articulate objects that slide or do not slide 
	(3) + Can identify why the objects slide or do not slide


Advance Preparation

· Site visit to playground 
· Collect  balls and objects for students to slide on
Materials

· Balls

· Rubber mats and cardboard for sitting on the slide

· Make copies of student worksheets “Exploring the Slide”

Procedure

1. Escort the Students to the Playground: 
Introduce the students to the playground and ask them what they see. Ask student:

· Which part of the playground do you think we will be using? Why?
· What can we learn in the playground about getting things to slide?
Lead students to think about the slide and make comparisons to the slide and the ramps used in the previous lesson. 
2. Ground Rules for the Slides: 
Gather the class to discuss safe ground rules for using the slide.
3. Using the Slide:  
Allow each student to use the slide. 

· What do you notice about the objects on the slide and how they move? 
Have them try a few variations such as: 

a) starting only a little way up, 

b) trying to slide on a rubber mat or piece of cardboard,
c) letting a ball roll down. 

We will revisit these three variations in Lessons 3, 4, 5, and 6, so the playground visit could happen any time between the lessons, or even more than once.  If you are not able to take them outside, ask them to recall what happens when they go on the slide. 

4. Discussion 
In the classroom, review what happened on the slides and chart the students’ responses. Using an OWL chart write down what the students Observed and what they Want to Know More About.  Later in the unit you can revisit this chart and fill in what the students Learned.

Word bank

Ball, Bounce, Different, Distance, Fast, Half way, Quick, Rough, Rubber, Same, Size, Slippery, Slow, Smooth, Speed, Stuck, Weight
	Science Notebook 

· Draw and write about what you did on the slide. 


Name: _________________________ Date: _______________ Class: ________

Exploring the Slide

	


	

	

	

	

	


Lesson 3: Ramps and Sleds

Essential Question
How can we get an object to move by itself?

Task

Students explore how putting an object on a ramp can get it to move “by itself,” how to prop up the ramp with a stand, and how ramp height affects whether or not it will move. The lesson ends with an experiment: predict and then test to find the smallest ramp height that will make the sled go down. 

Standards:
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas Language: Conventions of Standard English, Vocabulary Acquisition and Use
CCLS – Math:

Standards  for Mathematical Purpose: Model with mathematics, Use appropriate tools strategically, Attend to precision

Kindergarten –Measurement and Data: Describe and compare measurable attributes
First Grade – Measurement and Data: Measure lengths indirectly and by iterating length units, Represent and interpret data
NGSS:

Science & Engineering Practices 4. Analyzing and interpreting data; 7. Engaging in argument from evidence

Cross-cutting Concepts 1. Patterns; 2. Cause and effect: mechanism and prediction; 5. Energy and matter: flows cycles and conservation

Disciplinary Core Ideas PS2: Motion and Stability: forces and interactions

Outcomes

· Students learn to make and use a ramp, as a way to get the sled to go down by itself.

· Students explore how ramp height affects whether the sled will go down.

· Students learn to do an experiment. First they predict the minimum ramp height that will make the sled go down, and then they test their predictions.

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Identifies that ramp height affects the sled movement
	Unable to identify how ramp height affects the sled
	Able to identify that adjusting ramp height affects the sled but unable to distinguish between increased steepness and increased movement or decreased steepness and decreased movement
	(2) +and able to distinguish between increased steepness and increased movement or decreased steepness and decreased movement
	(3) + textured side of sled responds differently from smooth side

	B. Conducts an experiment and predicts ramp height
	Unable to conduct experiment or make predictions
	Able to conduct experiment or make predictions but not both
	Able to conduct experiment or make predictions 
	(3) + predictions are accurate within 1 inch


Advance Preparation

· Make a sample ramp

· Make copies of “How I Got the Sled to go Down”

Materials (one per student)

· Small cardboard rectangle (sled)

· Cardboard sheets for making ramps
· Ramp Stand Template

Procedure

1. Class meeting:
Ask students if they have ever been on a sled, or seen one on TV:

· What is a sled? What does it do?

· Describe how it moves, and how you could get it to move? 
Bring in an example of a sled, read a book, or show a video with sleds. Revisit the discussion of Lesson 1:  how can you get something to move “by itself,” without touching it as it is moving?  Pushing, pulling, blowing are ways to get something to move. 

2. Make a sled:
 Provide large cardboard sheets without slits and small cardboard rectangles. Ask students:

· How can you make the small piece work like a sled? 

3. Propping up the ramp: 
By now, students should have figured out how to use the ramp to make the sled go down. However, they may be holding up one end of the ramp themselves. Ask: 

· Find a way to How can you make the ramp stand up without touching it?
Encourage students to find objects they could use to prop it up. In discussion, the term “gravity” may come up. If not and after getting students’ language to describe gravity, say we call that “gravity.” Describe gravity as a force that pulls things down (toward the ground).

4. The ramp stand:  
The objects students are using to prop up the ramp may not be stable. Also they are all different, making it hard to tell how high the ramp is. Provide each student with a ramp stand template and a ramp with slits. Show students how to fold the stand and assemble it with the ramp.  (Directions for making a ramp are included in Lesson 10 as an example of a “How-to Book”)  Ask:

· What do you see that is printed on each stand?

· What do you think the numbers mean? How can we use them? 
· What will the sled do and how? 
The numbers on the template refer to distances along the stand in inches. Demonstrate a ramp that is adjusted to a height of 1 ″ on the stand. Ask students if they think the sled will slide down. Then demonstrate that it doesn’t: 

· Why won’t it go down? Maybe because the ramp’s not high enough? 

· What can we change? 
Remind them of the playground experiment or other prior experiences in which they started part way up a slide, and couldn’t slide down. Students will likely come up with the idea of making the ramp higher.

5. An experiment: How high does the ramp need to be? 
Introduce what it means to do an experiment. Before we do the experiment, we make a prediction: we say what we think will happen. Then we test the prediction to see if we were right. After we did the experiment, we write down what happened.
· Before: Predict how high you think the ramp will need to be to make the sled start to slide. Circle this height in blue on the worksheet or use blue stickers. 
· Tally individual predictions on a class chart, keeping track of who predicted each height

· Then make the ramp the height you predicted. Does it work? Does it slide at all? 
· After:  Adjust the ramp so the sled just starts to slide. Mark this height in red. 
· What did you notice? Fill in the blanks on the worksheet. Possible statements will refer to how fast or how far down the sled went.
Word bank

Bumpy, Experiment, Fold, Force, Friction, Gravity, Half way, Height, Highest, Inches, Investigation, Lowest, Notice, Observe, Predict, Roll, Rough, Sideways, Size, Sled, Slow, Smooth, Speed, Stand, Stuck, Surface, Template, Test, Weight

Name: _______________ Date: __________ Class: _______


How I got the sled to go down


Lesson 4: Exploring Surfaces and Friction

Essential Question
How do different surfaces affect how the sled will slide from different heights?

Task

Students begin with ramps that are at the height that would make the sled move in Lesson 3. They vary the surface of the slide, to find out what effects these different surfaces have.
Standards
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use
CCLS – Math:

Standards  for Mathematical Purpose: Model with mathematics, Use appropriate tools strategically, Attend to precision

Kindergarten –Measurement and Data: Describe and compare measurable attributes
First Grade – Measurement and Data: Measure lengths indirectly and by iterating length units, Represent and interpret data
NGSS:

Science & Engineering Practices 4. Analyzing and interpreting data; 5. Using mathematics and computational thinking
Cross-cutting Concepts 1. Patterns; 2. Cause and effect: mechanism and prediction; 5. Energy and matter: flows cycles and conservation
Disciplinary Core Ideas PS3: Energy
Outcomes

· Students explore surface and textures and develop vocabulary for describing each one.

· Students investigate how different kinds of surfaces make it easier or harder for something to slide down, relating this to their own experiences on playground slides.

· Students classify surfaces according to their types, and record what the sled did on each surface.  

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Identify vocabulary for describing a variety of surfaces
	Unable to articulate vocabulary to describe surface textures
	Able to articulate vocabulary for some of the surface textures
	Able to articulate vocabulary for all of the surface textures
	(3) + Vocabulary demonstrates an understanding of the nuances between the textures

	B. Investigate different surfaces and their impact on the sled
	Unable to investigate how the surfaces impact the sled
	Able to investigate how the surfaces impact the sled
	(2) + Identifies how each surface impacts the sled differently
	(3) + Uses prior knowledge successfully to make connections


Advance Preparation

· Make copies of student worksheet “Surfaces I Tried” and “What Happened on the Ramp”
· Prepare ramps with different surfaces

· Prepare different surfaces so students can explore them

· Cut out 1”x1” surfaces for students to glue onto worksheet (optional)
· Make a class chart version of  “Surfaces I Tried”

Materials

· Ramps, ramp stands and sleds from Lesson 3 (six per group)

· Materials for making new surfaces: approximately 8″ x 10″ sheets of aluminum foil, wax paper, sand paper, cardstock and felt (one sheet per group)

· Bull dog clips or masking tape for attaching materials to ramps

· Scissors for cutting out samples of surfaces, and glue for attaching these to worksheet (as an alternative to writing their names)

Procedure

1. Setting up six surfaces:
 Set up or help students set up six ramps per group, adjusted to the minimum height to make the sled go down, which students have discovered in Lesson 3. Attach a different surface to each ramp, except one, which should be left bare. The six ramps should have the following surfaces:

· Aluminum foil

· Felt

· Sand paper 

· Wax paper (crumpled)

· Card stock

· Plain cardboard

Review the names of these materials and make a large chart showing a sample of each one and its name. Conduct a discussion about how they are different. How does each surface feel when you touch it? Help students develop their words for describing the various textures, such as “hard,” “soft,” “rough,” “smooth,” “crinkly,” “scratchy,” etc.  

2. Predicting what each surface will do: 
Ask students to predict:
· Which ones do you think the sled will be able to go down? 

· On which ones will it get stuck? Why do you think so?
Conduct a class discussion about what will happen when they let the sleds go. You could relate this question to the previous playground experiment or other prior experiences in being slowed down on a slide by a heavy coat or blanket. 

· Why does the sled get stuck?
· Which of the surfaces will act like the heavy coat or blanket? 
· Which one is most like a bare playground slide? 
Introduce the word friction as a word scientists use to describe how things that want to move might get stuck, and kept from moving. 

3. Doing the experiment and recording data: 
Ask students to test each ramp, and record the results on the worksheet. Students can identify each surface by writing its name, or by gluing a small sample of each one onto the worksheet. 
4. Class chart: 
Create a chart with the class that lists all the surfaces the students tried. Beside each surface, record the lowest height that the slider was able to slide on. 
Word bank 

Aluminum foil, Bare, Cardstock, Classify, Compare, Crinkly, Crumpled, Data, Effect, Explore, Feel, Felt, Friction, Hard, Inches, Record, Results, Sand paper, Scratchy, Soft, Texture, Touch, Wax paper

Name: _________________________ Date: _______________ Class: ________

Surfaces I Tried

	Surfaces
	What I Predict at

_____ inches
	What Happened
	How high does the ramp need to be?

	______________
	______________
	
	______________

	______________
	______________
	
	______________

	______________
	______________
	
	______________

	______________
	______________
	
	______________

	______________
	______________
	
	______________


Name: _________________________ Date: _______________ Class: ________

What Happened on the Ramp?
	


	

	

	

	

	


Lesson 5: Sled Re-design (Let’s Slide)

Essential Question
How can we re-design our sleds to go down the ramp with a rough surface?

Task

Students revisit the sled that won’t go down the ramp, and invent a new way to “help” it move by modifying the sled. 

Standards
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 1. Asking questions and defining problems; 6. Constructing explanations and designing solutions
Cross-cutting Concepts 2. Cause and effect: mechanism and prediction; 6. Structure and function
Disciplinary Core Ideas PS2: Motion and Stability: forces and interactions; PS3: Energy

Outcomes

· Students explore how re-design of the sleds can reduce friction and allow an object to move down a ramp.

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Experiment with materials to re-design a sled by reducing friction to move down a ramp
	Unable to re-design sled
	Able to re-design sled but not by reducing friction, ex. uses extra weight
	Able to re-design sled by reducing friction
	(3) + Re-designs more than one way


Advance Preparation

· Collect materials for students to redesign their slides and put into table bins or set aside a table for supplies

· Make a class chart version of  “How Did I Get it to Slide?”

· Make copies of student worksheet “How Did I Get it to Slide?”

· Label reclosable bags with student’s names

Materials

· Ramps, stands and sleds, one per pair of students
· Felt or sandpaper sheets, and bulldog clips to attach them to ramps

· Card stock, weights, paper plates, spoons, washers, lids, aluminum foil, wax paper, paper fasteners, masking tape, paper clips.  [Note:  do not provide materials that can roll.]

· Reclosable storage bags for keeping students’ work

Procedure

1. Review of the sled problem: 
Set up a ramp per pair of students. Use either the plain cardboard ramp, or attach felt or sandpaper to increase the friction.  Make sure the sled cannot initially slide down, due to the combination of surface and slope. Review what happened when the surface was too rough and/or the slope wasn’t steep enough to make the sled move on its own: 

· What is happening here? 
Use the word “friction to describe what is holding the sled back.

· Why doesn’t the sled go down?

2. A new way to get it to move: Provide card stock, weights, paper plates, spoons, washers, lids, aluminum foil, wax paper, paper fasteners, tape, and paperclips.  Ask:

· What could we use these objects for? 
Provide time for students to experiment with the materials. Some students will probably come up with the idea of attaching materials to the sled. If not, help by asking:

· Which of these would work to help the sled go down?

3. Class meeting: 
Lead a discussion of the methods students used, and which ones worked. Introduce the words design, re-design and troubleshooting. 

4. Further experimenting and recording results: 
If students haven’t tried a variety of ideas, provide time for them to test their ideas, as well as others that students have come up with. Then ask students to record their findings on the worksheet.

5. Class chart: 
Make a class chart to describe what happened as a group.

6. Storage:
Provide two-gallon plastic bags for storing students’ sleds. Make sure each child’s name is written on his or her bag or sled.

Word bank 

Design, Down, Experimenting, Findings, Lids, Masking tape, Paper clips, Paper fasteners, Re-design, Reduce, Slope, Steep, Troubleshoot, Washers
Name: _______________ Date: __________ Class: _______

How did I get it to slide?

	Draw your idea
	What Happened

	
	_________________________

_________________________

_________________________

_________________________

	
	_________________________

_________________________

_________________________

_________________________

	
	_________________________

_________________________

_________________________

_________________________


Lesson 6: Let’s Roll

Essential Question
How can we use round objects to re-design our sleds, so that our sleds will roll down the ramps at an even lower height than before?

Task

Students revisit the sled that won’t go down the ramp, and invent a new way to “help” it move by putting rollers under it. 

Standards
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 1. Asking questions and defining problems; 6. Constructing explanations and designing solutions
Cross-cutting Concepts 2. Cause and effect: mechanism and prediction; 6. Structure and function
Disciplinary Core Ideas PS2: Motion and Stability: forces and interactions; PS3: Energy
Outcomes

· Student discovers how rollers can reduce friction and allow an object to move down a ramp.

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Identify that roller will allow a sled to move down the ramp at a lower height
	Unable to re-design sled using rollers
	Able to re-design sled using rollers and articulate how and why but not both
	Able to re-design sled using rollers and articulate how 
	(3) + Identifies disadvantages of rollers (fall off, sled does not go straight etc.


Advance Preparation

· Collect and set aside “rollers” for students to redesign their slides; these could include pencils, crayons, straws, skewers or stirrers 

· Make a class chart version of  “How Did I Get it to Roll”
· Make copies of student worksheet “How Did I Get it to Roll”

· Get student’s sleds from previous lesson
Materials

· Ramps and stands, one per pair of students; attach a surface (the surface used in Lesson 4 that had the most friction, such as felt or sandpaper).

· Redesigned sleds from Lesson 5

· Plain cardboard sleds

· Wooden skewers, straws, stirrers, pencils, crayons, paper clips, paper fasteners, masking tape

Procedure

1. Review of the sled problem: 
Set up a ramp per pair of students; make sure the sled cannot initially slide down, due to the combination of surface and slope. Students may use plain cardboard sleds or the sleds they redesigned in Lesson 5. Review what happened when the surface was too rough and/or the slope wasn’t steep enough to make the sled move on its own: 

· What is happening here? 
Use the word “friction to describe what is holding the sled back.

· Why doesn’t the sled want to go down?

2. A new way to get it to move: 
Provide skewers, straws, stirrers, pencils, crayons, paper clips, paper fasteners, masking tape. Ask:

· How could you use these to help the sled move down the ramp?

Provide time for students to experiment with the materials. Some students will probably come up with the idea of placing straws, skewers, crayons or stirrers under a sled, to allow it to roll down. If not, help by asking:

· What would happen if I put this (indicating a straw) under the sled?

· Which of these would work to help the sled go down?

3. Class meeting: 
Lead a discussion of the methods students used, and which ones worked. Introduce the words roll and roller. 

4. Further experimenting and recording results:
If students haven’t all tried rollers, provide time for them to test this idea, as well as others that students have come up with. Then ask students to record their findings on the worksheet

5. Class chart: 
Make a class chart to describe what happened as a group.

6. Storage: 
Students should keep their materials in the storage bags for use in the next lesson.

Word bank

Rollers, Round, Skewers, Stirrers, Straws
Name: _______________ Date: __________ Class: _______

How did I get it to Roll?

	Draw your idea
	What Happened

	
	_________________________

_________________________

_________________________

_________________________

	
	_________________________

_________________________

_________________________

_________________________

	
	_________________________

_________________________

_________________________

_________________________


Lesson 7: Make a Car
Essential Question
How do we re-design the rollers so they do not fall off the sled?

Task

Students look at issues with using rollers: the sled gets to the bottom of the ramp, but won’t keep going. Also, the rollers separate from the sled and may keep going after sled stops.  To solve these problems, students invent ways to attach things that roll to the sled – thereby inventing the wheel! A sled with wheels is a car.

Standards
CCLS – ELA:
Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 2. Developing and using models

Cross-cutting Concepts 2. Cause and effect: mechanism and prediction; 3. Scale, proportion and quantity; 6. Structure and function; 7. Stability and change

Disciplinary Core Ideas ETS1: Engineering Design

Outcomes

· Students design and make a car that has its own wheels

· Students discover and solve design problems, such as wheels that fall off

· They identify and record the names and numbers of each part using names that describe their functions

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Design and make a car
	Unable to design a car
	Able to design a car but it does not function, ex. wheels fall off or do not roll
	Able to design a car that functions 
	(3) + Can support other students in their design

	B. Troubleshoot design issues
	Unable to troubleshoot
	Able to troubleshoot some design flaws
	Able to troubleshoot all design flaws
	(3) + Can support other students in their troubleshooting

	C. Identify all the parts and number of parts 
	Unable to identify and count parts 
	Able to identify parts or number of parts but not both
	Able to identify parts or number of parts 
	(3) + Identifies positive attributes of the parts 


Advance Preparation

· Make table bins or a supply table of materials for students to make cars

· Make a class chart version of  “Things I Used for My car”

· Make copies of student worksheet “Things I Used for My car”

Materials

· Ramps, ramp stands, sleds and rollers from Lesson 6

· Wooden skewers, straws, and stirrers (for making axles)

· Plastic wheels, beads

· Masking tape, rubber bands, bulldog clips, clay (for keeping wheels on axles)

· Two-gallon bags for storage of students’ cars; markers for putting a name on each one

Procedure

1. The problems with rollers: 

Set up one ramp with rollers, and review what happened with them:

· What happened when we used these rollers?

· How did the rollers help the sled get down? 
· What problems were there with the rollers?
Create a class chart listing the positives (what’s good) and the negatives (what’s bad) about using the rollers. Help students notice that the rollers don’t stay with the sled. At the bottom of the ramp they might even go off in different directions, and the sled stops. 

· What could we do to fix the problems? 

2. The solutions: 
Have students try their solutions. These might include attaching the rollers to the sled in some manner using masking tape, glue etc.

· How well did each solution work? 

· What else could we attach to the sled that would allow it to roll?

3. The wheel: 
After students have worked with the rollers, show them the plastic wheels:

· What are these for? What should we call them?

· How can we use these to improve our car? 
If students have difficulty, call attention to their own experiences with rolling things. 

· What have you seen go up and down a ramp easily? 

Students will probably come up with examples such as a shopping cart, wheel chair, wagon, rolling suitcase, tricycle, toy car, etc. Use this example in the next question:

· What does a ___________ have that makes it easy to go up and down?

· How could you use the same idea to make your sled go down easily, and keep going when it hits the bottom?

4. Making cars: 
Provide students time to experiment with the materials. Their problem is to come up with a way of attaching two skewers or stirrers (axles) to the sled, and then adding a wheel on each side of each axle. The axles can be taped, pushed through the corrugations or held with rubber bands. The wheels can be slid on from either end. At first, the wheels will tend to fall off, but students will probably come up with the idea of adding tape, rubber bands, clay, or putty to the ends of the axles to keep the wheels on. If students get stuck, encourage them to be creative, and see what other children are doing. 

5. Class meeting: 
While students are making cars stop periodically to give students an opportunity to share and discuss how they are making their cars.

6. Writing: 
On chart paper, make a list of each of the materials, with a sample of each one. On the worksheet, each student should draw and write the name of the car parts they used. Introduce functional names for the parts: 

· You are using this stick to hold a wheel. Something that holds a wheel is called an axle. 

A piece of tape, rubber band or clay used to keep the wheel from falling off can be called a stop. They should also record how many of each part they used.

7. Clean-up: 
Make sure each student’s name is written on his or her car. Provide each student with a plastic bag for storage. Collect unused materials and save them for future lessons.

Word bank

Axle, Clay, Compare, Negative, Positive, Rotate, Rubber bands, Solution, Stop, Through, Wheel
 Name: _______________ Date: __________ Class: _______

Things I Used for My Car

	Drawing
	Name
	How many?

	
	_____________
	__________

	
	_____________
	__________

	
	_____________
	__________

	
	_____________
	__________

	
	_____________
	__________


Lesson 8: A Test Drive
Essential Question
How do our cars differ from each other?

Task

Students compare their cars with one another’s’ cars, by rolling them down ramps to see what happens. They develop vocabulary to describe what happens.

Standards
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 1. Asking questions and defining problems; 7. Engaging in argument from evidence
Cross-cutting Concepts 6. Structure and function; 7. Stability and change
Disciplinary Core Ideas PS2: Motion and Stability: forces and interactions
Outcomes

· Students design an experiment for comparing cars with each other.

· Students develop and use language for comparing the performances of their cars.  

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Design an experiment for comparing how their cars work
	Unable to design a successful experiment
	Able to design an experiment with some success
	Able to design a successful experiment 
	(3) + Designs more than 1 experiment


Advance Preparation

· Make copies of student worksheet “What My Partner and I Experimented With”

· A variety of ramps with different surfaces

Materials

· Students’ cars from Lesson 7

· Ramps, ramp stands and sleds from Lesson 4 (three ramps per group, each with a surface and slope, such as felt or sandpaper)

Procedure

1. How did it work? 

Review what has happened so far: students have had ramps that a sled wouldn’t go down. They helped the sled go down by putting rollers underneath, but at the bottom of the ramp, the rollers broke loose, and the sled couldn’t keep going. Finally, they invented wheels, by attaching the rollers to the sleds, which made the rollers into wheels and the sleds into cars. Ask:

· What’s an experiment we can do to see how our cars compare with each other?   

Model an experiment for them, by comparing the performances of two cars made in Lesson 7:

· Which car will go furthest?
· Which one will go straightest?   

Use a class chart to record results. Generate more questions that could be tested. Then have students pick a partner and a question that they want to test. After doing the experiment with a partner, discuss briefly what happened. 

2. Comparing cars.  
As the students are testing their cars against each other, help them develop language for comparing the results:

· Some cars go straight, but other cars go in curves.
· Some cars go far, but some don’t go as far
· Some cars stay together, but some come apart. 

3. Storage: 
Make sure each car is labeled with stored in a plastic bag, as in Lesson 7.

Word bank

Curve, Furthest, Test drive
	Science Notebook 

· What was your question in your experiment with your partner?

· How did your car compare with other cars?

· What other ideas do you have?

· Did you answer the questions to your ideas?


Name: _________________________ Date: _______________ Class: ________

What My Partner and I Experimented With

	


	

	

	

	

	


What Questions Do I Have?

	

	

	

	

	


Lesson 9: Car facts

Essential Question
How can I create a diagram mage of my car that shows the most important details?

Task

Students make detailed drawings of their cars, showing and labeling each part.

Standards
CCLS – ELA:
Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 2. Developing and using models
Cross-cutting Concepts 4. Systems and system models
Disciplinary Core Ideas ETS1: Engineering Design
Outcomes

· Students use diagrams to represent their own constructions.

· Students compare their diagrams, and add labels to their diagrams.

· Students compare how things look from different viewpoints, and represent different views of the same object.

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Diagram their car from multiple viewpoints
	Unable to diagram any viewpoints of their car
	Able to accurately diagram 2 of the 3 viewpoints of their car
	Able to accurately diagram all 3 viewpoints of their car
	(3) + Attempts to make diagram an exploded view or a 3-D view


Advance Preparation

· Make copies of student worksheet “Drawing my Car” and “How it Looks from Different Views”
· Prepare chart to make a large class diagram (do not draw diagram yet)

Materials

· Students’ cars from Lesson 7

· Two worksheets for each student

Procedure

1. Initial question: 
· If we re-designed our cars and then changed our mind and wanted our original car back, what could we do to help us remember?
Students will probably come up with the idea of making a drawing.

2. Why make a drawing?  
Explain that later, we’ll be changing our cars and it will be hard to remember what we did at first.  To help us remember, today everybody will make a drawing showing how his or her car looks right now.  Provide the worksheet “Drawing My Car” and have students draw their cars.
3. Gallery walk: 
Post all the students’ diagrams of their cars, and allow students time to examine each of them. Raise these questions:
· What did you notice about each other’s diagrams? 
Have students share what they liked about another student’s drawing: 
· What made it a good drawing?

Introduce the issue of labeling. If one diagram has labels, but another doesn’t, show both to the class and ask (if not, expand on the first question):

· Can you tell from this diagram what each part is?

· What does this diagram have that makes it easier to understand?

Ask about viewpoint:

· Where would I have to be to see the car look like this?

If the car is drawn from a birds-eye view, students should recognize that you would have to be above it. Then change your point of view, looking at it from the side or front. 

· Suppose I was looking at it from over here. What would I see?

· How could you make a new diagram to make it look like it does now?

4. Class chart: 
Using the student’s ideas or ideas from the attached sample diagrams, draw a large class diagram.

5. Redesigning diagrams:  
On a new worksheet, “How My Car Looks from Different Views,” encourage students to add labels to their diagrams and to draw them from a specific point of view.  If time permits, they could add new diagrams from additional points of view or draw the car in an exploded view using the worksheet “My Car in Exploded View.”

Word bank

Bird’s eye view, Body, Bottom, Diagram, Exploded, Gallery, Label, Side, Top, View, Viewpoint
Name: _______________ Date: __________ Class: _______

Drawing My Car

	


Name: _______________ Date: __________ Class: _______

How My Car Looks from Different Views

	What it looks like

	Top View:



	Bottom View:



	Side View:




Name: _______________ Date: __________ Class: _______

My Car in Exploded View

	


Lesson 10: Write a How-to-Book

Essential Question
How would I write instructions on how to make my car?

Task

Students review the purpose of a How-to-Book and reconstruct the steps they took to make a car. They then each write a book, “How to Make a Car.”

Standards
CCLS – ELA:

Writing: Text Types and Purposes, Research to Build and Present Knowledge

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Conventions of Standard English, Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 8. Obtaining, evaluating and communicating information
Cross-cutting Concepts 4. Systems and system models
Disciplinary Core Ideas ETS2: Links among Engineering, Technology and Society
Outcomes

· Students review the meaning and purpose of How-to-Books.

· Students recall the steps they took to make a car.

· Students write How-to-Books that record a process they have invented themselves.

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Complete a how to book that identifies all the steps for making their car
	Unable to write a complete book
	Able to write a complete book in order but some steps are combined  
	Able to write a complete book in order and each step is separate  
	(3) + Book can be given to someone who has never made a car and they can build it successfully and accurately


Advance Preparation

· Make copies of student work page “How-to Book for Making a Car” 
· Collect instruction manuals or other “How-to Books” as examples
Materials

· Students’ cars from Lesson 7

· Same materials as in lesson 7

Procedure

1. How-to Books: 
Ask students if they have Legos™ or other construction toys. Ask:

· When you open up a toy that you have to put together yourself, how do you know what to do? 

Help students recall that there is usually an instruction sheet (or How-to-Book) that tells you what to do. Show students any examples you have. 

· What is a “How-to-Book”? What would we need in a “How-to-Book”? 
Develop the idea that it shows you how to make something in steps. Each step means adding something new. The How-to-Book shows you what it will look like after each step. Today we will be making How-to-Books showing how you made your cars. 

2. What steps did you take to make a car? 
Using their own cars as reminders, help students walk through the steps they followed when they made their cars. For example:
a) Tape the axles to the body.

b) Put two wheels on each axle.

c) Put a stop on the ends of the axles. 

3. How to Make a Car: 
Provide worksheets. Ask each student to write a How-to Book showing how he or she made a car. Provide students with additional sheets as needed.

4. Share and build: 
Collect all the student’s cars. Have each students share his or her “How-to book” with another student. Tell the students that they are now going to build their classmate’s cars based on their “How-to books”.

5. Share: 
Give the student’s their original cars back. Have students share and compare with their partner. Ask students to discuss what issues came up. 

6. Editing

Have students edit their books based on issues that their partner had in reading/understanding them.
Word bank 

First, Second,Third , Fourth, Last, Next, 
Name: _______________ Date: __________ Class: _______
How-to Book for Making a Car

	___



	_________________________

_________________________

_________________________


	___


	_________________________

_________________________

_________________________


	___


	_________________________

_________________________

_________________________


Lesson 11: Improve Your Ride
Essential Question
What can I do to my car to change what it does or how it looks?

Task

Students discuss ways they would like to make their cars work better, and/or look better, and then redesign their cars. 

Standards
CCLS – ELA:

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 1. Asking questions and defining problems; 3. Planning and carrying out investigations; 7. Engaging in argument from evidence
Cross-cutting Concepts 2. Cause and effect: mechanism and prediction; 6. Structure and function; 7. Stability and change

Disciplinary Core Ideas ETS1: Engineering Design
Outcomes

· Students identify things they would like to change.

· Students find ways to address problems they have identified.  

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	A. Identify and change their car successfully to meet their new ideas
	Unable to identify and make changes
	Able to identify or make changes but not both
	Able to identify and make changes 
	(3) + Student creates and writes a plan before making changes and follows through


Advance Preparation

· Make copies of student work page “How I Changed My Car”

· Create bins of different materials so students can re-design their cars

Materials

· Students’ cars from Lesson 7

· Materials for making cars (as in Lesson 7)

· Candy boxes for car bodies

· Art supplies and craft materials for customizing cars

Procedure

1. Better cars: 
Meet with the class briefly to explore ways in which their cars could be improved. Introduce the word redesign: changing something you’ve already made so it will work better, or look better, or both. Ask for suggestions about why they might want to redesign their cars. They might want to make their cars…
· … go straight, when previously they went in curves

· … go further

· … look better, etc.

2. Redesign your car: 
Provide car parts, boxes, art supplies and craft materials. Students will spend most of the period redoing their cars, or making new ones. 
Word bank

Better, Decorate, Identify, Improve, Pipe, Cleaners, Re-design
	Science Notebook 

· Draw and write about how you redesigned your car. 

· How is your new car different from your first one? How is it different? How do these differences change what your car does? 


Name: _________________________ Date: _______________ Class: ________

How I Re-designed My Car

	


	

	

	

	

	


Lesson 12: The Auto Show

Essential Question
How can we display our cars so that other people can see our work?

Task

Students present their cars to an audience.

Standards
CCLS – ELA:

Speaking & Listening:  Comprehension and Collaboration, Presentation of Knowledge and Ideas 

Language: Vocabulary Acquisition and Use

NGSS:

Science & Engineering Practices 8. Obtaining, evaluating and communicating information
Cross-cutting Concepts 6. Structure and function
Outcomes

· Students gain recognition for their efforts and ingenuity.

Assessment 

	Objective:
	Below  (1)
	Approaching (2)
	Proficient (3)
	Advanced (4)

	Present car to an audience
	No presentation
	Presentation is unclear or incomplete; can’t articulate how it works or what troubleshooting was done
	Demonstration of the car including description of how it  works, troubleshooting and instruction manual
	(3) + how it could be improved


Advance Preparation

· Prepare materials, space, letters to families, so students can present work

Materials

· Redesigned cars from Lesson 11

· Worksheets and science notebooks that illustrate their design and redesign processes

Procedure

This is the culminating lesson, where students will present their final cars to an audience. The display could take one or more of several forms:

· Formal presentation: each student shows his or her car to an audience and explains what he or she did to make it. 

Describe the materials used, the steps taken to make the cars, and how the car works. Compare the Lesson 11 car to the original car from Lesson 7, holding them both up and testing them against each other. The cars should be signed and named.

· Museum: Students create a display on tables, where visitors can view the cars and learn about how they were made.

· Car Fair: Like a Science Fair, visitors come to view the cars and students explain their cars to them. 

Word bank

Audience, Display, Explain, Museum, Presentation, Visitor, 
Glossary

The glossary includes words selected from the word bank that may require clarification.
Lesson 1

Motion: The action of moving something or being moved.
Pull: To exert force and make something move towards you.

Push: To exert force and make something move away from you.

Shift: The action of moving something over a short distance.

Lesson 3

Experiment: A procedure to find a discovery or test a hypothesis.

Force: A push or a pull upon an object resulting from the contact with another object

Friction: The resistance that one object encounters when moving over a surface 

Gravity: The force that attracts an objection towards the ground.

Investigation: To observe or study by close observation.

Lesson 4

Classify: arrange a group of things into categories according to shared qualities or characteristics.

Lesson 5

Design: To decide how something will look or function.
Findings: Results from investigations or experiments.
Re-design: To improve on how something looks or functions based on experience.
Troubleshoot: To find and correct faults in a system or design.
Lesson 7

Axle: A shaft at the center of a wheel that wheel rotates on.
Lesson 9

Bird’s eye view: A view from above.
Diagram: A simplified drawing that shows the appearance and structure of how something looks and or works.
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Template for making Ramp Stand
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Before


Use BLUE to show where you think the ramp will be when the sled starts to slide


After


Use RED to show where the ramp really was when the sled started to slide


What I noticed
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Bearing (straw)





Wheel





Axle (skewer)





Rubber band





Body
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Rubber band





Wheel





Tape





Wheel





Axle





Rubber band





Body
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