Teaching Science as Inquiry (TSI) Lesson Plan
Module 4: Ecological Aquatic Science

Name:  Anne McKnight

Activity:  Sampling Design

1. Why did you choose to do this activity?
 I chose to do this activity first because it was required but also because it seems like a logical lead in to looking at sampling for abundance. We will be using both of these activities to look at the history of the Moon missions and chemical testing of Moon rocks to support fission or capture theories of the Moon’s formation. We’ll also look at current exploration of Mars and the proposed capture of a near space asteroid that will be anchored to the Moon and explored. I will ask students to develop a sampling plan for the proposed asteroid mission using ideas about sampling from the M&M activity. 

2. What are your classroom learning goals?
Students should understand how to gather and record accurate data while working in groups.  They should also learn that there are different sampling techniques to collect data about a sample from a population.  Students should also understand how important standardization and replication are in scientific investigations. 

3. How does this activity tie into your classroom learning goals? 
This activity will allow students to learn how to collect data similar to rock sampling in a Moon mission using M & M’s as a model.  It will give them a chance to practice proposing and refining possible techniques to gather sample and opportunity to consider what procedures might create bias.

4.  What date do you plan to start this activity?  Friday, April 12, 2013

5.  If applicable: HIDOE standards this lesson will address 
8.8.8 I can describe the composition of objects in the galaxy 
7.1.1 I can design & safely conduct a scientific investigation to answer a question or test a hypothesis 
8.1.2 I can communicate significant components of an experimental design & results of a scientific investigation

6. Describe how this activity relates to at least one of the TSIA PD Themes.  
Themes: Community, Metacognition, Science as a Human Endeavor, Observations and Inference, Modeling Science, Scientific Language, Connections

Science as a Human Endeavor – In the lead in to this activity we will have completed 2 lessons that focus on Theories of the Moon’s formation and on the history of Moon studies from ancient times focusing on Apollo and Luna Moon Missions and the technology required to get a rocket to the Moon. This lesson will delve more into how to make the most of the mission in terms of gathering rocks that could support either the Fission or the Capture Theory of formation.

Modeling Science – Pizza looks beautifully like a cratered planet! The Pizza sample activity is an excellent model of how where you land may overly influence what you determine the nature of the planet to be. The unequal distribution of toppings is an excellent parallel to the differences in maria and regolith. The single anchovy is a nice analogy to the late discovery of ice in deep polar craters.
Scientific Language - Fission, Capture, Co-Accretion, Giant Impact and other alternative theories of moon formation help to clarify that theories may be well supported explanations of Moon formation but reliable new data must constantly be actively sought out to support or disprove them.

Ocean
7.  Describe how you will connect this activity to the ocean:
This lesson will have a limited but still useful connection to the ocean. In their Fission Theory of the Moon’s formation, George Darwin (1878) & Osmond Fischer (1882) suggested that the moon might be made from materials ripped out of the area of the Earth that is now the Pacific Ocean.
We will consider how George Darwin & his father Charles Darwin represent the beginning of focused scientific study of the Pacific and of the Moon by European scientists. The idea that Moon formation could be the reason why the Pacific is so deep is an early attempt to explain both phenomena.

8.  Select the Ocean Literacy Principle(s) that you anticipate this activity will address. (check all that apply)
 1. The Earth has one big ocean with many features.
  2. The ocean and life in the ocean shape the features of the Earth.
  3. The ocean is a major influence on weather and climate.
  4. The ocean makes earth habitable
  5. The ocean supports a great diversity of life and ecosystems. 
  6. The ocean and humans are inextricably interconnected
 7. The ocean is largely unexplored
Preparation
9.  How will you prepare your students for this activity? (For example, review of prior knowledge.) 
The pizza sample activity will be used to model the “sample” concept plus to how similar landing on the moon could be to landing on/choosing a specific square of the pizza.

10.  Explain any instructional struggles that you foresee and how you will address these issues. (For example, student misconceptions, classroom discussion, aspects most difficult for students to grasp, etc.)
My students are likely to have some difficulty with some of the vocabulary and mathematical calculations. I will pre-teach key concepts through the Moon history and Moon missions lessons. We will also have reviewed relevant scientific language in these lessons. I will rewrite language of the instructions to simplify and clarify language for ELL.

Questioning and Assessment Strategies
11. What questioning strategies will you use to help your students meet your learning goals?
· CLARIFYING – while the students are in the invention stage, I will use clarifying questions to help students decide on a reliable sampling procedure. Clarifying questions will help students root out murky details that needed to be planned for to avoid sampling errors. I also will also use them during the interpretation phase to get students to explain their thoughts more completely and clearly.
· EXTENDING – I’ll use extending questions to help students apply what they are beginning to understand about the effect of replication on data accuracy to understanding issues with planning a Moon Mission.
· FOCUSING – its middle school… this is always necessary
· LIFTING and SUMMARIZING – I’ll use these types of questions during our final discussion.

12. What TSI practices of inquiry teaching strategies will you focus on implementing to help your students meet your learning goals? See TSI Practices of Inquiry teaching strategies handout for suggestions (Mod 4 Binder under “TSI Pedagogy” and online in Mod 4 PD section)

Science as a Discipline:
· Model and require students to exhibit the demeanors of scientists – students will be planning as though they had to design for as serious a project as a moon mission
· Recognize and teach science as a human endeavor – understanding the history of moon exploration as part of the history of technological advancements and as a product of military efforts and the Cold War
· Purposefully use scientific language – We will be delving into what a theory is and how changes in a theory tend to be prompted by technological advances.
· Design or use a curriculum grounded in the history and content of the scientific discipline. – Moon exploration history will be the underpinnings of the lesson.

13. What assessment strategies will you use to help your students meet your learning goals and monitor their progress?
Students will be assessed through informal discussions in small groups and as a full class.  They will also complete a worksheet with activity questions.

	
Use the following table to plan your lesson using TSI. 

For each phase:
· Mode(s): List the Mode(s) of Inquiry you will incorporate
· Teacher: Describe what you will be doing
· Student: Describe what your students will be doing 
· Assess: Describe how you will assess your students in this phase so you can monitor their progress through the activity

*Modes: Curiosity, Description, Authoritative knowledge, Experimentation, Product evaluation, Technology, Replication, Induction, Deduction, Transitive knowledge





	INTERPRETATION
	INITIATION

	Mode(s)
	Induction, Transitive Knowledge
	Mode(s)
	 Curiosity, Description, Transitive Knowledge

	Teacher
	· Ask clarifying questions 
· Review averages, fractions and percentages of class data
· Lead students to compare data results after 1, 2, and 5 sets.
· Lead students to compare class data with the actual count and M&M website data
· Question students about issues that occurred and their effect on the data
· Questions students about issues that would come up when sampling in a space suit on the moon etc.
	Teacher
	· Pizza Samples – ask students to predict pizza toppings based on individual samples
· Moon Comparison - ask students to compare sampling Moon rocks with sampling pizza
· M&M Bag – Ask students to predict most/least frequent colors
· Ask students to predict the colors in the bag+ which is most common + why

	Student
	· Compute totals, averages, fractions & percentages of totals for the data.  
· Answer activity questions and make inferences about sampling techniques.
· Discuss issues that affect the data & how they relate to sampling on the moon.
	Student
	· Make pizza topping predictions
· Discuss sampling on the Moon & pizza sampling comparison



	Assess (look for)
	Look for accuracy and depth in discussion responses and written answers on worksheet
	Assess (look for)
	Understanding of sampling and Insights about the comparison

	INSTRUCTION

	Modes
	Authoritative knowledge, transitive knowledge

	Teacher
	M&M candy as models (eating, dropping, etc. will affect ratios) Explain handout.
Review vocabulary - random, representative, standardized, and abundant. 
Lead students to review math strategies. (average, fraction, percentage)

	Student
	Advise partners on sampling procedure & helpful strategies 
Peer teach partners/review math strategies 

	Assess (look for)
	Correct understanding of vocabulary words, sampling procedure,  calculations

	INVESTIGATION
	INVENTION

	Mode
	Experimentation, Description, Replication,
	Mode(s)
	Curiosity, Induction, Transitive Knowledge, Experimentation

	Teacher
	Ask questions of individuals and groups as they sample.  
Monitor class and answer questions.
Monitor accuracy of full class data table entries & calculations
	Teacher
	Ask students to suggest strategies for gathering a sample that represents the greater population.
Allow students to decide on a specific strategy as a class after discussing & testing out the pros and cons of different elements of the procedure
Ask student to shape their predictions into a formal hypothesis
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Student
	Students sample & count the M&Ms using the sampling technique and record data on their worksheets and on the whiteboard.
	

Student
	Students suggest sampling strategies & test them out to check soundness.
Students negotiate and decide on a specific strategy as a class. 
Student to shape their predictions into a formal hypothesis

	Assess (look for)
	Sampling accuracy & completeness
Data table accuracy & completeness.
	Assess (look for)
	Logic of pros and cons in the strategies and final procedure
Clarity of the hypothesis



12.  Briefly describe how you will direct your students through the Phases of Inquiry.
Initiation – 	*Pizza sampling + questioning to focus on why sampling on the Moon might 
		similarly be affected by where you “landed”
Invention – 	*Discuss how to sample from the M&M bag to avoid bias and errors
		*Develop a sampling procedure
Instruction -  	*Introduce the idea of a space mission needing careful planning or 	sampling 			might induce errors (not to mention the cost or fatality potential of bad planning)
		*Use questioning to review sampling procedure 
		*Share the real raw count of the M&M bag + company website data
Investigation – *Each student takes their M&M sample and records the data
Interpretation - *Comparing raw data + percents after 1, 2, and full class samples
		*Discuss why the data becomes increasingly more refined as more data sets are 			included in the mean.
		*Discuss why our class data is similar but not identical to the website data + 			potential sources of error.

13.  What will be the overarching mode(s) of this activity? Why?
The overarching mode(s) will be curiosity, induction and replication.  Students will be naturally curious and constantly predicting and developing hypotheses.  They will also discuss how to conduct their sampling methods and make inferences about their data.

Please provide any additional comments that will help you prepare to teach this activity or help the TSI facilitators understand how you plan to teach this activity. 
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