STEM BriefsMaking Connections in STEM


Title: Bowl-a-Rama
Challenge:  You are going bowling and want to score a lot of points by knocking down as many pins as possible, but it is hard for you to roll the ball fast enough to knock down pins. Design and build a ramp that will help you roll the ball faster and knock down the most pins. Use the materials provided to plan, build, and test your ramp.
	Science
	Engineering
	Mathematics

	Concepts:

Science K.2  
Forces between objects can cause a change in motion.
· Pushes and pulls (forces) can have different strengths and directions and can cause objects to move (K.2 a, b, c).
· Pushing or pulling on an object can change the speed or direction of its motion and can start or stop it (K.2 a, b).
· When objects touch or collide, they push one another and can change motion (K.2 b, c).
· A bigger push or pull makes things speed up or slow down more quickly (K.2 c).


	Concepts:

STEL-2D 
Develop a plan in order to complete a task

STEL-7A
Apply design concepts, principles and processes through play and exploration.

STEL-7E
Illustrate that there are different solutions to a design and that none are perfect.


	Concepts:

Math K.NS.1
Counting involves two separate skills: verbalizing the list (rote sequence counting) of standard number words in order (“one, two, three”) and connecting this sequence with the objects in the set being counted, using one-to-one correspondence. 

Association of number words with collections of objects is achieved by moving, touching, or pointing to objects as the number words are spoken. Objects may be presented in random order or arranged for easy counting.

Math K.PS.1
Students apply the data cycle as they pose questions, collect or acquire data, organize and represent data, analyze data, and communicate results. Graphs can be used to make connections between mathematics and science or social studies (e.g., types of plants found in the school yard, how students get to school).

Students should have experiences answering questions related to the analysis and interpretation of the characteristics of the data in the graph (e.g., similarities and differences, least and greatest, the categories, and total number of responses).
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K Science/K Math		        	

Title: Bowl-a-Rama
Timeframe: How many days? How much time per day?
	5 days, 30-45 minutes per day



Standards/Indicators  (copied from the standards)
	Science K.2  
The student will investigate and understand that pushes and pulls affect the motion of objects. Key ideas include
a)     pushes and pulls can cause an object to move;
b)    pushes and pulls can change the direction of an object; and
c)     changes in motion are related to the strength of the push or pull.

Science K.1  	
The student will demonstrate an understanding of scientific and engineering practices by
a) 	asking questions and defining problems
●  ask questions based on observations
●  identify a problem based on need
●  make predictions based on observations
b) planning and carrying out investigations
●  make observations to collect data
● identify characteristics and properties of objects by observations
●  measure relative length and weight of common objects
●  record information from investigation
c)	interpreting, analyzing, and evaluating data
●  describe patterns
●  classify and/or sequence objects based on a single physical characteristic or property
●  organize and represent data
●  read and interpret data in object graphs, picture graphs, and tables
d) 	constructing and critiquing conclusions and explanations
●  make simple conclusions based on data or observations

Math K.NS.2
K.NS.2 The student will identify, represent, and compare quantities up to 30.
               a) Read, write, and identify the numerals 0 through 30.

Math K.PS.1 
The student will apply the data cycle (pose questions; collect or acquire data; organize and represent data; and analyze data and communicate results) with a focus on object graphs and picture graphs.
0. Pose questions, given a predetermined context, that require the collection of data (limited to 25 or fewer data points for no more than four categories).
Determine the data needed to answer a posed question, and collect the data using various methods (e.g., counting objects, drawing pictures).
Organize and represent a data set (vertically or horizontally) by sorting concrete objects into organized groups to form a simple object graph.
Organize and represent a data set (vertically or horizontally) using pictures to form a simple picture graph.
Analyze data represented in object graphs and picture graphs and communicate results:
i) ask and answer questions about the data represented in object graphs and picture graphs (e.g., how many in each category, which categories have the greatest, least, or the same amount of data); and 
ii) draw conclusions about the data and make predictions based on the data.


[bookmark: _heading=h.gjdgxs]Engineering Problem
[bookmark: _heading=h.30j0zll]The problem should be as real-world and authentic as possible within the confines of the classroom, as well as being age-appropriate.  The process should be iterative and allow time for testing and revising.
	You are going bowling and want to score a lot of points by knocking down as many pins as possible, but it is hard for you to roll the ball fast enough to knock down pins. 


Challenge and Criteria
What do you want the students to do?  (Example: Design and create…)  What criteria and/or limitations will be imposed?
	Design and build a ramp that will help you roll the ball faster and  knock down the most pins. Use the materials provided to plan, build and test your ramp.


[bookmark: _heading=h.86uhhll336fn]Support for the Engineering Design Process
	If students have not participated in the Engineering Design process, introduce the Engineering Design Process to students.  Explain that the Engineering Design Process is a step-by-step process that engineers and designers use to solve problems.   The Engineering Design Process is cyclical and can begin at any step, or move back and forth between steps numerous times. In real life, engineers often work on just one or two steps and then pass along their work to another team. Share the graphic with students.
[image: ]


Materials and Safety (Always refer to the VDOE Safety in Science Teaching)
List materials required for the lesson.
Identify potential safety concerns. Please refer to division safety criteria when working with materials.
	Materials:
Cardboard pieces for the ramp (one per pair or group)
Blocks to help change the incline of the ramp
Toilet paper tubes or empty water bottles for pins (10 per pair or group)
Tennis Ball (1 per pair or group)
Yardstick (1 per pair/group)
Recording Sheet
Bowling Video Clip
SciShow Kids! Ramps Video
Bowl-a-Rama Lesson Slides



Lesson Preparation
List any preparation needed prior to teaching the lesson.
	Prepare cardboard pieces for ramps.
Divide blocks, toilet paper tubes/water bottles, and tennis balls into sets for pairs or small groups.
Copy recording sheets.



Suggested Prior Instruction
	Students should be familiar with push and pull forces.
Students should be able to count orally by 1s to 10.
Students should be able to write numbers 1-10.
Students should be able to color in a graph.



	Engage: The goal of this phase is to capture students’ attention and interest for the purpose of preparing them for engaging in the proposed engineering problem. 

	Teacher Directions
	Additional Notes

	Show students this video clip of the toddler rolling the bowling ball. 
Have students observe the toddler and the ball as it rolls down the alley.

List their observations in a Venn Diagram (she uses 2 hands to roll the ball, the ball is rolling slowly, she uses a push to roll the ball, she only knocks down 2 pins, etc.)

Watch the clip again and have students observe the ball rolled by the adult on the left. 
List their observations in the Venn Diagram (he uses one hand to roll the ball, the ball is rolling fast, he knocks down a lot of pins, he uses a push to roll the ball).

Ask: Is there anything that was the same about how they bowled? (they both use a push to roll the ball)

Ask: Why do you think there was such a difference in the way the two bowling balls rolled? (the adult was able to push the ball harder and faster because he is bigger and can apply a stronger force).
	Bowling - Slow Roll Video


Venn Diagram Sample
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	Explore: The exploration phase provides concrete experiences where students investigate phenomena, observe patterns, and/or encounter discrepant events that build upon knowledge and practices from the Engage Phase.

	Teacher Directions
	Additional Notes

	Define:
Imagine you are bowling and want to score a lot of points by knocking down as many pins as possible. It is hard for you to roll the ball fast enough to knock down a lot of pins. Design and build a ramp that will help you roll the ball faster to knock down more pins.

Brainstorm: 
Other than bowling what might a ramp be used for? List ideas from students.
Show various images of ramps and discuss how they work and are used.

Plan:
Have students work in pairs or small groups to plan their ramp on paper. Students may only use the materials given; one piece of cardboard and the blocks.


Test:
After their design has been approved, have students work together to test their ramps. They should set up the “pins” (toilet paper tubes or water bottles) in a triangle shape. Their ramp should be one yardstick away from the pins. Students should roll their ball down the ramp and write the number of pins knocked down in the data table. Have students test their ramp 3 times, recording the number of pins knocked down each time. They should also graph each test

Brainstorm:
After students have tested their ramp;
Do you think your ball rolled fast enough to knock the pins over?
Do you think there is a way to make your ball roll faster using the ramp? If so, how?
What force did you use to get the ball down the ramp? (push)
Did your ball roll in the direction of the pins? Or did it miss the pins because it went in the wrong direction?
What do you think you could change about your ramp to increase the number of pins you knock down?

Research:
Have students watch the SciShow Kids video Ramps. 
After watching the video discuss how the ramp in the video was used to help push the books up the ramp. Point out that to make the work easier the slope or incline had to decrease. 
Have students think about how they are using their ramp to push the ball down the ramp instead of up.
 

	Bowl-a-Rama Recording Sheets
Distribute the recording sheet individually or put together in a notebook for students to keep as they work and revisit the lesson.
You will want to model how to use each page.









Show students the cardboard and blocks that are available for them to use.





You may need to show students how to set the pins up.










Brainstorming can take place in small groups as students are working or gather the class back together to brainstorm.




	Explain: The essential knowledge and practices with which students engaged and explored, are now made clear and comprehensible.  This is also an opportunity for students to explain their understanding of the concept or practices.

	Teacher Directions
	Additional Notes

	Brainstorm:
How do ramps help you roll the ball faster to knock down more pins? (The ramp is being used to help push the ball faster down the lane. Creating a stronger push helps to knock down more pins. The ramp helps change the speed of the ball.)
	· Brainstorming can occur in whole or small groups. Technology such as video recording can be used to record student responses. A tool such as Seesaw could be used for students to record an oral video response.



	Elaborate:  The intention is to facilitate the transfer of concepts and abilities to related, but new situations. 

	Teacher Directions
	Additional Notes

	Brainstorm:
If the slope needs to decrease to make work easier when pushing up the ramp, what might happen to the slope of your ramp to make the work easier or faster when pushing down the ramp? (increase the slope)

Improve:
Allow students time to analyze their ramp and discuss possible changes. Have students use what they have learned to revise their ramps with their partner or groups.
Do they need to add more blocks to increase the slope? 
If they had a lot of blocks should they keep them or take some away? 
Did the direction of the ball go as planned? If not, what could be changed? (possibly where the ball is placed on the ramp)

Have students test their improved ramps 3 times and record the number of pins knocked down each time on their recording sheet.
	



	Evaluate:  The intention is for students to reflect on their new learning.

	Teacher Directions
	Additional Notes

	Have students reflect on their first ramp vs. their final ramp. This could be done in a whole group, pairs, written or pictorial, response or using technology, such as Seesaw. Students should describe how they improved their ramp and if it worked to help make the ball roll faster to knock down more pins. 
	[bookmark: _heading=h.1fob9te]



Suggested Post Instruction
	Find other ramps around the school such as playground slides. Discuss how slides change the speed or direction when they are used. If you have more than one type of slide (twisty slide, straight slide, short slide, long slide, etc.) you can compare how the speed and direction are different or the same on each.

Have students construct a marble run and observe how the direction of the marble changes with the curves in the run. 



Student Page(s)
Bowl-a-Rama Lesson Slides
Bowl-a-Rama Recording Sheets
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Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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