Inquiry into Force and Motion

Using a Simple Catapult System

	Session Goals:
	· Identify relevant Inquiry and Physical Science 1 standards as related to a catapult system.

· Apply Inquiry standards to classroom curriculum.
· Describe assessment opportunities for the Inquiry standards.

	Activity (Time)
	Content
	Materials/Needs

	Introduction (10 minutes)


	· Tell participants that as a framework for investigating the revised science standards in the area of inquiry, they will be using force and motion as a content connection. 
· As a way to begin the activity, read Part I of The Flying Machine by Ray Bradbury. (Part I ends with “’Please,’ said the servant at last, ‘or he will be gone.’ The Emperor rose thoughtfully. ‘Now you may show me what you have seen.’")
· The facilitator may choose to simply orally tell the story, project the text via document camera/LCD projector and read, and/or handouts (one page at a time) for participants to silently read or use.

· At the end of the section, solicit questions and ideas from the audience about what they think may be happening. (e.g.  There couldn’t be someone flying in 400 AD…Maybe the servant has just seen a kite…) Do not provide answers to the questions---just facilitate some conversation about the ideas. As a connection to the next part of the facilitator should also guide the discussion by probing thinking about what participants “observed” through reading/listening…and what they are inferring about the situation. 
	· The Flying Machine, Part I
· LCD projector and laptop or document camera (if desired)

	Explore and Model (20 minutes)

	· Remind participants that the Emperor in The Flying Machine is located near the Great Wall of China. A flying machine could be one way to breach this defense. Ask participants for additional ideas on how to get past this type of barrier.
· If a catapult is not mentioned as one of the suggestions, reveal it now as something you will be exploring during this session. 
· Have participants construct paper clip catapults. It is best for the facilitator to construct and practice with one prior to presenting.

· To do this, pull the inner loop of a large metal paper clip upwards to a ~20º angle. (This does not have to be measured.) Then, either pull up on the loose end of the loop or flatten half of the inner loop up so that it is level with surface the “catapult” will be sitting on. This will create an area for the catapult load.
· Load the catapult with a small wad of paper.

· Launch the catapult by pressing down on the inner loop and releasing.

· Ask participants about safety considerations they should keep in mind before working with their catapults (e.g. don’t aim paper balls at people).

· Give participants a few minutes to play with and tweak their catapult systems. You may want to ask participants to formally record some observations while they explore.
· At the end of the open exploration time, ask participants to share with a neighbor and/or the group as a whole about the observations they were able to make and any inferences they are considering about the catapult system.
· Extension: Check for understanding about Systems by asking participants about the parts/function of the catapult system, inputs/outputs, boundaries, open vs. closed system, etc. Questions and discussion can be adapted to grade level(s) and/or content area(s) represented at the workshop.
	· Large paperclips
· Paper

	Questions, Predictions, and Plans (55 minutes)
	· Read/Share Part II of The Flying Machine with participants. (Part II ends with "’Ho, come down, come down! The Emperor wishes to see you!’ called the servant, hands cupped to his shouting mouth.’”)
· Ask participants about what questions the Emperor may have for the man who built the flying machine, as well as predictions about what the Emperor may do next (what he might be planning).
· It is now the participants’ turn to develop some questions, predictions and plans using the catapult system to answer a question. Participants can work by themselves or in pairs/triads for the following portion of the program.

· Provide participants with the question to investigate: How does changing the size of a force affect the motion of a projectile? (Note: If time permits, you can have participants brainstorm aspects of the catapult system that could be investigated and then develop a question.)
· Extension: This is an excellent opportunity to have participants reflect on the difference between an Inquiry question and an Application question. For example, if the question is worded with an intended goal (e.g. How can paper clips be used to build a catapult that will launch a paper load three meters?), it becomes an application problem. 
· In order to investigate this question, provide participants with small paper clips. (Note: A discussion about fair/controlled tests could be facilitated at this point. Alternatively, the facilitator could choose to wait until debriefing the investigation to discuss these concepts.)
· Have participants plan and conduct an investigation using the large and small paperclip catapults using paper as the mass to move. Encourage participants to take some notes both on the design of their investigation and any data they collect.

· After participants have had the opportunity to carry out their investigations, debrief the structure of their investigations. Reserve in-depth discussions of data for the next section. Focus on the qualities that were incorporated into their designs: were there controls? Reliability and validity measures? Etc.
	· The Flying Machine, Part II
· LCD projector and laptop or document camera (if desired)

· Small paper clips



	Communication (20 minutes)
	· Read/Share Part III of The Flying Machine with participants. (Part III ends with “The Emperor clapped his hands. ‘Ho, guards!’ The guards came running. ‘Hold this man.’ The guards seized the flier. ‘Call the executioner,’ said the Emperor.”)
· The Emperor has reached a conclusion based on his the observations and inferences made from his investigation. Ask participants why they think the Emperor has concluded that the man with the flying machine should die. Be sure to ask participants to supply evidence to support their thinking.
· Tell participants that formulating conclusions and communicating results is also part of inquiry. 

· Remind participants of the original question for the investigation: How does changing the size of a force affect the motion of a projectile?
· Ask participants to use the results from their investigations to construct a conclusion.
· After a few minutes, ask for 2 – 3 volunteers to share their conclusions with the whole group. 
	· The Flying Machine, Part III
· LCD projector and laptop or document camera (if desired)

	Ethics (15 minutes)
	· Read/Share Part IV of The Flying Machine with participants.

· Ask participants whether or not the Emperor’s decision was ethical. As needed, prompt for evidence of thinking. (e.g. “What is the life of one man against those of a million others?”)
· Link the concept of ethical behavior to Inquiry. In some grade levels, this takes the form of intellectual honesty concerning the accurate reporting of observations and data. In other grade levels, concerns about human subjects and citations are included.

· Ask participants to identify aspects of the investigation with the catapults which require ethical behavior. For example, accurate measurements and data recording…not changing hypothesis (or writing one afterwards) to suit data.
· Allow participants 3 – 5 minutes to capture some reflective thinking about their learning at this point before moving onto the next part.
	· The Flying Machine, Part IV
· LCD projector and laptop or document camera (if desired)

	Connecting Experience to Standards (45 minutes)
	· Remind participants that although they have been engaging with a model of the Inquiry standards, there are other ways “inquiry” can look. Use a “think-pair-share” activity to elicit ideas about what inquiry means to participants. 
· Hand out the Exploring Cross-cutting Ideas sheets to participants (1 per participant). Depending on the experience level of the group, there are various options for examining the cross-cutting ideas. For example, the facilitator may choose one standard from each category and use a document camera and projector to model how to use the worksheet. Or, table groups could choose one in common for the purposes of discussion, allowing free choice for the other standards. Also, participants can complete the entire activity independently. See Example Exploring Cross-cutting Ideas sheet for a sample of a completed product.

· Keeping the catapult experience and participant-generated definitions of inquiry in mind, have participants spend a few minutes looking at the Inquiry standards for their grade band.  Ask participants to identify elements of the catapult investigation that have a connection to the standards for their grade band. 
· Clarify for participants that although there may be an opportunity to teach to multiple standards in a given lesson or unit of study, it is not expected that this would be a regular occurrence in the classroom. For this part of the workshop, they should focus one just one or two ideas.
· Ask participants to identify one or two inquiry standards from their grade band which could be developed most fully through the catapult investigation. Participants should make some notes about the selected standards in the two boxes below “Inquiry (INQ)” on the Exploring Cross-cutting Ideas sheet.
· Tell participants that inquiry of all varieties is taught and applied within a context. For the catapult example, the Physical Science One (PS1) standards provided this context. Now ask participants to identify one or two PS1 standards from their grade band which could be developed most fully through the catapult investigation. Participants should make some notes about the selected standards in the two boxes beside “Physical Science One (PS1)” on the Exploring Cross-cutting Ideas sheet. 

· Facilitate discussion around the points where the Inquiry and PS1 standards intersect and have participants make notes in the “Looks like…” box. 
· There may be some cases where connecting the Inquiry and PS1 standards is not simple. This is okay. It is an opportunity for teachers to recognize the utility in using more readily available connections for students, depending upon content. 

· Provide participants with the remainder of the time for this section to consider the same ideas as they apply to their grade level and/or content area curriculum resources. Where do the Inquiry standards connect with classroom curriculum? (Note: Some teachers may not use PS1 content---e.g. biology teachers; ask them to consider connections with another set of standards from EALR 4. The goal here to to have participants reflect on how to apply the concept of intersecting standards to their own instruction.)
	· Copies of science standards (at minimum, pages with Inquiry and PS1 standards)
· Copies of the Exploring Cross-cutting Ideas sheet

· One copy of Example Exploring Cross-cutting Ideas sheet as a reference for facilitator.

	Assessment (30 minutes)
	· Now that participants have a general familiarity with a few of the revised science standards and how instruction might look, it is time to shift the focus from how a teacher might teach a concept to what students learn, as well as how learning can be identified.
· Have participants look at Assessing Student Learning. Although the catapult system represents one learning experience, it could be used as either a formative or summative tool. At this point, it isn’t necessary to distinguish purpose; instead, ask participants to focus on the kinds of student evidence that could be collected. There is an Example: Assessing Student Learning for the facilitator. This part of the program can be facilitated as partner or large group work, depending upon time and flow of the discussion.
· In the Standard row, have participants note which standards from the Exploring Cross-cutting Ideas would now be assessed.

· Then, ask participants to summarize the main ideas found within these standards in the row marked Target.

· Participants should now think about the kind of student evidence that they could collect via the catapult lesson. What would students say, do, and/or write/draw that would provide information on whether or not the standards were met?

· If time permits, have participants consider interventions or opportunities to reteach.

· Finally, there may be additional ideas that participants would like to capture in the Notes area. For example, questioning strategies or alternative assessment ideas.
	· Copies of Assessing Student Learning worksheet (may be copied on the back of Exploring Cross-cutting Ideas)
· One copy of Example: Assessing Student Learning

	Closure and Evaluation (15 minutes)
	· Allow participants 3 – 5 minutes to capture some reflective thinking about their learning from this segment of the workshop. 
· Ask for volunteers to share some of their learning with the group. 

· Hand out Exit Tickets to participants to complete before leaving. Also, ask participants for help in cleaning up any remaining paper wads or paper clips from the tables/floor.
	· Exit Tickets

	After the Workshop (15 minutes)
	· Clean up any remaining materials (extra handouts, paper clips…) and breakdown any equipment used (document camera, laptop, projector).
· Carefully read information on Exit Tickets and note any trends in the information or ideas which would be useful to explore in future trainings.
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