
 

AAPS Blended Unit Planning Document #1 

Grade Level/Content Area 

4th Grade/Science/Engineering  

 

Unit Title 

Energy transfer within Vehicle Restraint Systems -Maker Challenge: Creative Crash Test Cars  

 

Unit Abstract 
A description of the featured unit of study that characterizes the subject matter to be studied and states very generally what students are expected to learn and 
the types of learning activities that will be conducted to provide opportunities for learning. 

In this unit, students will learn about how energy is transferred during  a car accident. The students will then have to design a vehicle restraint system to 
protect a  “passenger” in a collision. Students will need to research existing restraint systems. Students will need to design a restraint system of their own in 
small groups. Students will need to test their prototypes using a ramp and a wall to collide with. 

 

Standards/Benchmarks 
Identifying Expectations and Standards helps to ensure curricular alignment. 
 
Are the appropriate goals (ie: content standards, benchmarks, curriculum objectives) identified? 

Content Standards: 
NGSS: 4th Grade Energy: 
4-PS3-1 Use evidence to construct an explanation relating the speed of an object to the energy of that object. 
4-PS3-3 Ask questions and predict outcomes about the changes in energy that occur when objects collide. 
NGSS: 4th Grade Engineering Design: 
 3-5-ETS1-1 Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost. 
3-5-ETS1-2 Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the 
problem. 
3-5-ETS1-3 Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype that can 



 

be improved. 
 

Essential Questions  
A meaning of “essential” involves important questions that recur throughout one’s life. Such questions are broad in scope and timeless by nature. They are 
perpetually arguable – What is justice?  Is art a matter of taste or principles? How far should we tamper with our own biology and chemistry?  Is science 
compatible with religion? Is an author’s view privileged in determining the meaning of a text? We may arrive at or be helped to grasp understandings for these 
questions, but we soon learn that answers to them are invariably provisional. In other words, we are liable to change our minds in response to reflection and 
experience concerning such questions as we go through life, and that such changes of mind are not only expected but beneficial. A good education is grounded 
in such life-long questions, even if we sometimes lose sight of them while focusing on content mastery. The big-idea questions signal that education is not just 
about learning “the answer” but about learning how to learn. (Wiggins, Understanding by Design) 
 

How can we design a restraint system that will protect a passenger in a collision?  
How should we use the engineering design process to create a successful prototype? 
How is energy transferred in a crash? 

 
Student will know... 
Summarizing the key content by setting up knowledge and skill goals for the 
unit helps designers focus lesson content. 
 

The students will know: 
Energy: The ability to do work. 
Forces: A push or pull that can make an object move, stop moving, or change directions. 
Potential Energy: Energy that is stored; energy that matter has because of its position. 
Kinetic Energy: Energy that an object has because of its motion. 
Newton’s 3 Laws of Motion: (The students will learn this on a very basic level) 
1. Every object will remain at rest or in uniform motion in a straight line unless compelled to change its state by the action of an external force.  
2. The velocity of an object changes when it is subjected to an external force.  
3. For every action, there is an equal and opposite reaction.  
Collision: When two objects collide or bump into each other, causing an exchange or transformation of energy. 
Elastic Collisions: A collision with no loss of kinetic energy. 
Inelastic Collisions:A collision in which part of the kinetic energy is changed into another form of energy.  
Momentum: The energy gained by a moving object. 
Restraint System: A measure or condition that keeps someone or something under control or within limits. 
Speed: The rate at which an object moves or operates. Speed can be thought of as the amount of time it takes to complete a task. 



 

Velocity: The speed of something in a given direction. 
Work: A result of force moving an object a certain distance. 

 

Students will be able to…. 
Summarizing the key skills goals for the unit helps designers focus lesson content. 
 

The students will be able to… 
1. compile a list of safety features found on vehicles, such as roll cages, seat belts, booster seats, airbags, head rests, cushioned interior, etc. 
2. expand on and improve upon this list with specific examples from research 
3. come up with a vehicle safety design feature for their model cars that is not currently in use, or one that works better than those currently in use. A 

successful design is one that protects the “passenger egg”. 
4. examine the provided building materials and note similarities, such as craft sticks being similar to metal framing bars, and foam/felt being similar 

to the insulation and padding incorporated into modern vehicles. 
5. brainstorm and sketch a few ideas for what they want to build on top of the model car base, with the goal to update or come up with a new 

passenger compartment so the passenger survives a front-end crash with no injuries and minimal car damage. 
6. decide on a design solution to prototype and test. 
7. build and do small tests against a wall so they can see how the impact affects the materials. 
8. document the materials they use and sketch their final designs. 

 

Current Teaching Design* 
List every activity that you currently complete in your traditional classroom situation to teach this unit.  

This unit comes from a middle school unit from Teach Engineering, from the University of Colorado, called Maker Challenge: Creative Crash Test Cars.  
https://www.teachengineering.org/makerchallenges/view/nds-1746-creative-crash-test-cars-mass-momentum 
I predominantly teach this using face to face discussion, demonstration,  with a small amount of online reading content.  

 

Models 
Recommended models for implementation.  (ie flex, station rotation, lab rotation, flipped, individual, A La Carte, enriched virtual) 

I am planning on using a rotation model with elements from the flipped classroom model. 

 

Instruction and Activities 
Based on what you have learned so far what instruction and activities will students engage with in the face-to-face (F2F) environment? Which will you now move 
to the online environment? For more support in planning this way, watch this video. 

https://www.teachengineering.org/makerchallenges/view/nds-1746-creative-crash-test-cars-mass-momentum
https://www.youtube.com/watch?v=OYFEDR2qlBc


 

 

F2F Online 

Anticipatory Set: 
Demonstration of egg vehicles in a collision 
Assemble one egg vehicle. Acquire a ramp, raw egg, and small plastic bag (to 
contain the broken egg).  Run the egg down the ramp into a wall or other 
hard surface. Please film the demonstration in slow motion and post to online 
class. 
Watch the Buckle Up PSA https://goo.gl/JyJ6ws 
Activities to complete: 
As a class, compile a list of safety features found on current vehicles. If 
students get stumped suggest a few examples to get the ideas flowing, such 
as roll cages, seat belts, airbags, etc. upon which students can expand on and 
improve. 

 

Direct students to research restraint systems using Epic online. 

 

Introduce the project constraints: To come up with a vehicle safety design 
feature for their small-size model cars that is not currently in use, or one that 
works better than those currently in use. A successful design is one that 
protects the “passenger egg” and is durable. 

 

Prompt students to use this information as a jumping off point to examine the 
provided building materials and note similarities, such as craft sticks being 
similar to metal framing bars, and foam/felt being similar to the insulation 
and padding incorporated into modern vehicles. 

1. Students will work in small groups. First, have them individually 
brainstorm and sketch a few ideas for what they want to build on top 
of the model car base, with the goal to update or come up with a new 
passenger compartment so the passenger survives a front-end crash 
with no injuries and minimal car damage. 

2. Teams decide on a design solution to prototype and test. 
3. Give teams plenty of time to build and do small tests against a wall so 

they can see how the impact affects the materials. 
4. Teams document the materials they use and sketch their final 

designs. 

1. Demonstration video of egg vehicle collision-posted in Seesaw for the 
entire class.  Students should answer the following guiding questions 
posted as an activity in our Seesaw class: 

● What did you observe during the demonstration? 
● Where was the potential energy the greatest in this example? 
● When did the potential energy change to kinetic energy? 
● What happened during the collision between the wall and the egg 

vehicle? 
 

2. Post the Buckle Up PSA https://goo.gl/JyJ6ws Students should answer 
the following questions posted as a Seesaw activity in our class: 

● What surprised you about the Buckle up PSA? 
● What sort of restraint system are you most interested in? 

 
3. Readings from Epic about car safety-posted in Seesaw 

                       What Should I do? In the car by Will Mara 
                        https://www.getepic.com/app/read/12823 
 
                        From Locusts to…Anti-Collision Systems by Will Mara  
                        https://www.getepic.com/app/read/14791 
 
Students should answer the following guiding questions posted as an activity 
in our Seesaw class: 

● What did you learn from the two texts we read in Epic? 
● How can this help you design and build a better restraint system? 

 
 
 4. Post the Ed Puzzle video of the engineering design process: 
https://edpuzzle.com/assignments/5ac02420861ef840f63773e5/watch 
 
 
Students should answer the following guiding questions posted as an activity 
in our Seesaw class: 

● How can using the engineering design process help you and your 
group be successful with this challenge? 

 

https://goo.gl/JyJ6ws
https://goo.gl/JyJ6ws
https://www.getepic.com/app/read/12823
https://www.getepic.com/app/read/14791
https://edpuzzle.com/assignments/5ac02420861ef840f63773e5/watch


 

5. Teams build their prototypes. 
6. Teams test their prototypes. They video record the tests  using SloPro 

and post a video of their trials to our Seesaw class. 
7. Teams explain their designs to the class using  a Popplet presentation 

including what was successful and what was not after reviewing test 
data and feedback from the class. 

 

After everyone has posted video test data from their prototypes, require 
students to give constructive and positive feedback to each team. This can 
also be posted to Seesaw as an activity with the following questions to use as 
a guide: 

● What was unique about this team’s design? 
● What was successful? 
● What could use some improvement? 

 

  

 
 

Assessments 
Based on what you have learned so far what instruction  assessments will students engage with in the face-to-face (F2F) environment? Which will you now move 
to the online environment? Think about how you balance your assessment strategies (formative and summative).  
 

F2F Online 

Summative Pre and Post Assessment for Unit 
 

Ed Puzzle of Design Porcess video from  
https://edpuzzle.com/assignments/5ac02420861ef840f63773e5/watch 
 
Kahoot review of content taught 
https://create.kahoot.it/l/#user/53895abc-a0d8-4a63-9b69-79191963a346/k
ahoots/created 
 
 

Resources 
A selected repertoire of high quality resources that would equip a teacher to teach the unit is listed here. 
 
 

F2F Online 

● raw eggs 
● model cars 

Class created in Seesaw containing: 
Watch the  Buckle Up PSA https://goo.gl/JyJ6ws 

https://edpuzzle.com/assignments/5ac02420861ef840f63773e5/watch
https://create.kahoot.it/l/#user/53895abc-a0d8-4a63-9b69-79191963a346/kahoots/created
https://create.kahoot.it/l/#user/53895abc-a0d8-4a63-9b69-79191963a346/kahoots/created
https://goo.gl/JyJ6ws


 

● assorted building materials, such as cardboard, wooden craft sticks, 
tag board, foam sheets, felt sheets, cotton or polyester fill, chenille 
stems/pipe cleaners, plastic drinking straws, string/yarn, rubber 
bands, balloons 

● assorted tools and adhesives, such as rulers, scissors, tape, white 
glue, hot glue 

● ramp, 10-inches wide x 3-5-feet long, to run all model cars down for 
crash testing 

● trash bags to tape against the wall and floor for mess protection 
during testing 

● digital scale, to measure car mass 
● iPad to video record the model cars in slow motion using the SloPro 

app. 
● stopwatches, for timing crash tests 
● Internet access for researching current car safety features 

 

Readings from Epic about car safety-posted in Seesaw 
What Should I do? In the car by Will Mara 
From Locusts to…Anti-Collision Systems by Will Mara  
 

 

TO-DO* 
What items must you complete in order to finish the creation of this unit. If any of the items to the right must be modified for online delivery list it here.   For 
example, create a short podcast, find a YouTube video, write a discussion question, re-write directions for an activity so it can take place online.  
 

 

 


