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Cells and Organelles: Teacher’s Guide 
Capsule Overview

	Overview 
	     In this unit students learn key concepts, models and evidence involved in cells. The unit begins with properties of living things, with a brief transition lesson to connect the properties of living things with the functions of organelles. Then students work out the functions of the following organelles using evidence: mitochondria, chloroplasts, nucleus.  During these lessons, students are introduced to evidence quality criteria, arrows, and criteria for arrows.  Next, a brief lesson without a focus on evidence introduces students to vacuoles, cell membranes, and differences between plant cells and animal cells   

      Next students reflect on single-cell versus multi-cell organisms, as well as larger aggregrations of cells (tissues and organs). 

	Driving Question(s)
	 Students view a variety of phenomena throughout the unit.  The unit proceeds through a series of interrelated driving questions:

1. What do organisms need to live?

2. What is a cell?  What is found in a cell?  What functions do cells need to perform? 

3. What are the specific functions of organelles in a cell?  

4. Why isn’t everything just one cell?  What are the advantages and disadvantages of organisms having multiple cells? 
Specific Questions
1. What characterizes a living thing?

2. Are bacteria living? 
3. What is the function of mitochondria in cells?

4. What is the function of the nucleus in cells?

5. What is the function of chloroplast in cells?

6. Why do slime molds organize to create a colony?  

7. How are cells, tissues, and organ systems related?

	CONTENT

objectives & standards
	Students will demonstrate understanding of these ideas, and the ability to use them in reasoning: 

1.
Living things have properties including production and use of energy, use of water, getting rid of waste, growth and development, and production.

2.  Cells are the basic unit of life.

3.
Cells have organelles that carry out the functions needed for the cell’s survival.
3. Cells make up tissues that in turn make up organs.   
	ADD NJ STANDARDS HERE.

	REASONING objectives & standards
	1. Students apply and refine criteria for good models while constructing, revising, and evaluating models based on evidence in reasoning tasks involving the function of cellular organelles and embryonic development.
2. Students continue to improve their skill at constructing individual written, individual oral, and collaborative oral argumentation as they use evidence in model construction, revision, and evaluation. 

3. Students will learn to relate evidence to models using arrows (irrelevant, strongly support or support, strongly contradict or contradict) in the context of the reasoning tasks involving organelles and embryonic development.

4. Students generate, refine, and learn to apply two kinds of evidential criteria: Evidence goodness criteria and Arrow type criteria in the context of reasoning about living things, cell organelles (nucleus, mitochondria and chloroplasts). Evidence goodness criteria focus on dimensions of methodology (sample size, comparison, measurement), replication, source credibility, and clarity of presentation. Arrow type criteria are criteria for deciding whether evidence is relevant or irrelevant to models as well as criteria for deciding how strongly evidence supports or contradicts models. 
	ADD NJ STANDARDS HERE.

	LESSON OVERVIEW
	The module is divided into 4 parts:  properties of living things, cell organelles, from cells to organisms, and cellular differntiation.  

Part 1:  Properties of Living Things
Part 1 begins with characteristics of living things and then helps students link the characteristics of living things to the function of organelles in cells. Students first generate criteria for evidence goodness.

Lesson 1:  Living Things. The module begins by introducing the properties of living things focusing on: energy, water, movement, reproduction, and removal of waste.  Students will build an understanding of the characteristics of living things by categorizing a group of “things” into living and nonliving.  Students will generate an initial list of characteristics of living things based on these two categories.  Students will then refine list through group discourse.  Then students will learn to rate evidence goodness in a reasoning task that will help them determine if bacteria are living or nonliving.  Students will generate a list of criteria for good evidence. 

Lesson 2:  Introduction to Cells. In a short lesson, students will then learn the basic structure and components of a cell by observing an assortment of pictures.  Students learn that cells are the basic unit of life. They will understand that the functions of the organelles within a cell correspond to the functions that living things as a whole carry out.
Part 2:  Cell Organelles
In part 2 of the module students will determine the basic functions of five organelles (nuclei, mitochondria, chloroplasts, cell Membranes, and vacuoles).   They will link evidence to models with arrows and generate and apply criteria for evidence goodness and criteria for choice of which arrows to draw. They will continue to refine criteria for model goodness, as well.    

Lesson 3:  Modeling Mitochondria.  Students will use both evidence ratings and arrows in this task, in which they will evaluate two models of mitochondria function (movement versus energy) against a body of evidence. 
Lesson 4:  Modeling Chloroplasts. Students will again use both evidence ratings and evidence models To end with, students will produce models of the function of chloroplast.  Students will refine their models based on both evidence goodness and arrow strength. Students will also generate criteria for choosing “strongly support/contradict” arrows versus “support/contradict” arrows.

Lesson 5:  Modeling Nucleus. In this lesson, students will evaluate competing models, using arrows to link evidence to models (support, strongly support, contradict, strongly contradict, irrelevant). (Students may agree to create and adopt other arrows, as a class.) Students will evaluate whether the evidence best supports a “central control” model of the nucleus or a “bag of instructions” model of the nucleus. 

Lesson 6: Cell membrane and vacuoles; plant and animal cells.  In a lesson not focused on evidence in the same way, students will learn about the function of the cell membrane and vacuoles, as well as learn how plant and animal cells differ. 

Part 3:  From Cells to Organisms
In part 3 of the module students will examine why multi-cell organisms exist. They will also learn about different levels of organization: cells, tissues, organs.

Lesson 6:  Single Cell vs. Multi-cell.  Students will examine slime molds.  They will discover that slime molds have the capacity to live as single cells or in groups forming a multi-celled colony that function as one organism. They will consider the advantages and disadvantages of multi-cell versus single-cell organisms. Students will build argumentation about the benefits of multi-celled over single celled organisms.

Lesson 7:  From Cells to Organs.  Students will then learn the organization levels of cells, tissues, and organ systems through a variety of videos. 



	Quizzes
	[To be added.]

	Tests
	[To be added.]

	Homework
	[To be added.]

	Materials
	Teacher’s Guide

Student Packet

Class Handouts  (primarily consisting of evidence)

PowerPoints

Slime Molds

Planaria


Background [16 pt, bold, centered]
Prior Knowledge: 

Students will understand some of the functions of human systems.

Challenges and difficulties:

SCALE:  Students may have difficulty grasping the extremely small scale of organelles. 


LIVING THINGS: Some students may believe that fire is alive. 


MECHANISMS by WHICH ORGANELLES FUNCTION:  The lessons do not address the actual mechanisms by which mitochondria and chloroplasts operate, due to their complexity, and this may present challenges to deep understanding. However, we begin to introduce the idea that DNA in the nucleus operates via production of proteins. Grasping this simple mechanism has proven to be difficult for students in previous research. 

NUCLEUS:  Most students are strongly inclined to adopt a “control center” model of the nucleus in which the nucleus is seen as an intelligent force organizing the cell. The nucleus lesson is designed in part to address this common alternative conception. 


LEVELS OF ORGANIZATION:  The distinction between tissues and organs may be difficult for some students. 


EVIDENCE. Some evidence relating to some of the topics may be challenging for students, because it is not possible to gather direct observational evidence on what organelles do.


EVIDENCE GOODNESS.  Most students have probably not thought systematically about evidence goodness before, although they probably do have informal knowledge that can help them understand key points (such as the importance of adequate sample size).


MODEL-EVIDENCE RELATIONS (ARROWS). The distinctions between relevant and irrelevant evidence may be challenging for students. In addition, understanding that two different models can explain the same evidence, using different explanations, can be challenging.

Content Goal 1. Cells are the basic unit of life. Grasping this idea involves grasping several component ideas:
(a) Cells are the smallest unit of life that is classified as a living thing.
(b) Characteristics of a living thing include:  produces energy, needs water, gets rid of waste, involves movement, and can reproduce.   
(c) Single cell organisms (amoeba, paramecium, etc.) have the same needs as the whole organism (multi-celled organism).
Content Goal 2. Cells have organelles that carry out the functions needed for the cell’s survival.
(a) Organelles within the cell provide the functions needed in order for the cell to survive.

(b) Mitochondria generate energy in cells.

(c) The nucleus is a membrane that contains most of the cell’s genetic material (DNA/genes).  The function is to maintain the integrity of these genes and to control the activities of the cell by regulating gene expression.  It also protects the DNA from other chemicals in the cell that can damage it.

(d) Cell Membranes separates the interior of all cells from the outside environment.  Is selectively permeable and controls the movement of substances in and out of cells.

(e) Chloroplasts are found in plant cells.  They capture light energy and conduct photosynthesis.

(f) Vacuole is a membrane-bound organelle which is present in all plant and many animal cells.  

Content Goal 3. Cells make up tissues that in turn make up organ systems.
(a) A tissue is a cellular organizational level intermediate between cells and a complete organism.  They are an ensemble of of cells form the same region that together carry out a specific function.  

(b) An organ system is a collection of tissues joined in a structural unit to serve a common function.  

Lesson 3: Mitochondria
	Overall plan
	Students examine evidence to work out function of mitochondria.

	Driving questions
	What do mitochondria do? And how could we possibly know what mitochondria do (they’re so small!)?

	Background and linkages
	This lesson builds on the previous two lessons by asking how organelles they discovered in Lesson 2 enable living things to accomplish the functions of living things in Lesson 1. 

It is also the first lesson in which students use both evidence ratings and arrows.  This lesson builds on the Sam Spade lesson, as well by having students use the arrows that they learned in that lesson. 

	Content objectives and evaluation
	Ss understand that mitochondria provide energy to the cells.

Ss understand some evidence that supports the claim that mitochondria provide energy to the cells. 

	Reasoning objects and evaluation
	      Evidence goodness. Ss learn to rate evidence goodness. 

They develop and apply criteria for evaluating evidence goodness.

      Arrow strength.  Ss  develop initial criteria for deciding arrow strength (strong versus not).

Ss  use evidence goodness ratings and arrows together for the first time in ME condition only.  
      Oral argumentation:  Students construct effective arguments in group and class argumentation connecting evidence to models.  

      Written argumentation: Students write justifications of why evidence supports/contradicts evidence.

	Quizzes and homework: Types of questions students should be able to answer.

	Content:
	What is the function of mitochondria?   (open-ended, matching, or MC).

What evidence supports your claim about what mitochondria do?

	Content transfer
	A mouse gets a disease that causes its mitochondria to function poorly. What will happen to the mouse? Explain in detail. 

	Reasoning w. content
	Here is some new evidence about mitochondria. What did the scientists do, in your own words? What does the table show? 

How good is this evidence? How is it related to the energy model? Give reasons.

	Reasoning transfer
	Here is some new evidence about a new organelle. How good is this evidence? How is it related to the energy model? Give reasons.

	Main activities
	A.
Introduce mitochondria.  Introduce mitochondria using the PowerPoint file “Lesson 3 Mitochondria slides.”  In the file, two students talk about wanting to find out for themselves what mitochondria do, and not just be told what mitochondria do. 

B. EVIDENCE 1: CASSIDY’S BLOG (THE BIRD STUDY).  Teacher leads class through the BIRD EVIDENCE (#1) as a whole class. Students are introduced  

     to two models to consider: the movement model and the energy model 

C. EVIDENCE 2 and 3: BILL’S BLOG (THE FLAGELLUM STUDY) and CHRIS’S BLOG (THE HAMSTER STUDY). Students work in groups on Evidence 2 and 3 (netbook blog). 

D. EXAMINING EVIDENCE #1, #2, AND #3. Students work on ME diagrams for Evidence 1-3, and then there is an group discussion about 

     which is better based on the first three pieces of evidence. 

E. EXAMINING EVIDENCE #4 (Mitochondria in Mice Liver Tissue) E. Students work in groups on Evidence 4 (paper). They work on ME diagrams. 

F. EVIDENCE 5: THE JOGGER STUDY (VIA SIMULATION).  Students work in groups on Evidence 5 (netbook simulation). They work on ME diagrams. 

G. EVIDENCE 6: SKIN CARE EXPERT. Students work in groups on Evidence 6 (paper). They work on ME diagrams. 

H. MODEL EVALUATION.  Students determine which model is better in groups.  Groups discuss any changes they would make to their preferred model.  Students write their final arguments regarding which model is better and why. 

I. Assessment.  Students work on assessment questions about the function of mitochondria (Content + Transfer).   

	Materials
	Student Packet

PowerPoint files to be played with Speaker and Projector to whole class: Mitochondria Class Slides.

PowerPoint files to be played with project (no speaker needed) to whole class:  Mitochondria Blog Slides
PowerPoint files used by students with netbooks:  Mitochondria evidence slides


Detailed Activities  ME & M
General note:  When students are engaged in pair work and group work, hold them accountable to the class norms. Emphasize using the discussion stems are one way to help them do this, but eventually, after they learn these forms of talk, they won’t need the discussion stems any more. 

A. INTRODUCE MITOCHONDRIA  

1. Classroom Activity: Play narrated PowerPoint file “Lesson 3 Mitochondria Slides”  The two students (Terry and Anne) from Lesson 2 continue talking. The main theme is that they want to find out what mitochondria do, they are a little incredulous that anyone could ever really know what these small things do, and they aren’t going to believe something just because their textbook or their teacher says so. 

2. Framing.  Reinforce what the Ss just heard in the narrated PowerPoint show. Explain that students will be doing just what Terry and Anne said—figuring out what mitochondria, seeing how it is that you can figure out what such small things do, and not just taking other people’s word for it.

[image: image3.emf]      Emphasize your confidence that they will be doing really impressive work. 

3. Brainstorming Class Discussion.  Ask students what they think mitochondria might do? (Don’t spend more than a few minutes on this.) 
[image: image4.emf]4. Explain the activity structure for the rest of the lesson: Ss will be thinking through 6 pieces of evidence that will enable them to work out what mitochondria do, just as scientists do. You’ll do the first piece of evidence as a class. Then some students will use the computers to examine some evidence, while others work with evidence on paper. Then they’ll switch. You’ll do the last evidence again as a class. 
B. EVIDENCE 1: CASSIDY’S BLOG (THE BIRD STUDY)  
1.  Framing. Explain that this evidence will give them their first clues about what the function of mitochondria is.  (Explain what a blog is if needed.)  Remind them that it’s fine if they don’t understand what mitochondria do right away—because it takes time to figure things out whenever you’re trying to solve problems in the real world. 


Assure them that they will, step by step, start to figure things out as you go along. 
2. Classroom Discussion: Page 9, #2, Introduce Evidence #1. You will lead the whole class through the bird study, using PowerPoint file “Lesson 3 Mitochondria Slides” This evidence is presented via a blog that the teacher walks the students through using a projector at the front of the room.  Have Ss read the blog entries out loud, or silently, or read it to them, or any combination of these.
At each prompt to use Evidence stems, one at a time, give students a very short time to formulate a question or a comment based on the EVIDENCE STEMS, then call on a one to three students to ask their question, and then call on other students to answer those students’ questions. (NOTE: They will need to decide which question stems are appropriate for each slide. We suggest spending no more than a few minutes on the first three pages, possibly more on later pages.) 


Remind students that the stems are divided into stems about purpose, method, results, and conclusion, and these are the main parts of any study, or indeed any evidence. 

	In the ME condition, encourage students to use both evaluation questions and questions about purpose, method, results, and conclusions.
	In the M condition, encourage students to use questions about purpose, method, results, and conclusions.


Clarify anything students are confused about. 
3.  Individual Work:  Page 9, #3, Evidence Comprehension Question.  Ss answer the following question:  What can you conclude from the graph?    

 4. Evidence quality discussion.  Then show Slide 6, which gives the scientists’ conclusion: Pigeons and ducks have more mitochondria in their cells than chickens do.  Ask students what they think about this conclusion (always encouraging reasons). 

	In the ME condition, ask them to consider EVIDENCE QUALITY.  

Ask them what EVIDENCE QUALTY RATING they would give (with reasons).


	In the M condition, ask students questions that review the key aspects of the purpose, method, results, and conclusions.


5. Play the remainder of narrated PowerPoint file “Lesson 3 Mitochondria Slides.”. Now go to Slide 8 of the 12 slide PowerPoint file.  Play this slide show from here to the end.  In this segment, Terri and Anne develop begin to consider the two models that will figure in the remainder of this lesson:


Model A: The movement model:  mitochondria produce movement. 

        Model B:  The energy model:  mitochondria produce energy.

6.  Framing:  Emphasize that the Ss will be trying to work out which of these models is better as they examine more evidence. There is some interactive evidence they will get to engage with!

C. EVIDENCE 2 and 3: BILL’S BLOG (THE FLAGELLUM STUDY) and CHRIS’S BLOG (THE HAMSTER STUDY).

1.  Framing:  Explain the procedure to students clearly—noting that they will be doing in their own groups what they had just done as a whole class.  Remind Ss to be thinking about which model this evidence supports.  Assure them that it’s fine that they won’t know right away; it takes quite a bit of evidence to start working things out.
2. Group work: Page 10, #4, Read Evidence #2 (Bill’s Blog).  Ss work in groups to read evidence #2 on the computer.  Groups should answer the questions that are presented to them throughout Bill’s Blog.  Ss should discuss Evidence Stems if needed. 

NOTE: There are “Questions to discuss if you have extra time” at the end of each evidence (Page11, #8D, and Page 16, #20, but it is OK if students do not get to all of these prompts, or even to any of them.  
	2. ME.  Individual Work: Page 10, #5, Good/Bad Evidence.  Ss answer the question how good or bad is Bill’s evidence.  This focuses on the quality of the evidence.  Make sure Ss give lots of reasons for their answer.  There is also a note to remind students what good/bad evidence means.  You can take a minute to review this with your Ss. Remind them to think about the criteria for good evidence they have developed.
	2. M. Individual Work: Page 10, #5, Evidence Comprehension Question.  Ss answer what were the steps that Bill followed when he examined his hamster’s mitochondria.  
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4. Group work: Page 10, #6, Read Evidence #3 (Chris’s Blog).  Ss work in groups to read evidence #3 on the computer.  Groups should answer the questions that are presented to them throughout Chris’s Blog.  Ss should discuss Evidence Stems if needed. 
NOTE: There are “Questions to discuss if you have extra time” at the end of the evidence, but it is OK if students do not get to all of these prompts, or even to any of them. 
	5. ME.  Individual Work: Page 10, #7, Good/Bad Evidence Question.  Ss answer the question how good or bad is Chris’s evidence.  This focuses on the quality of the evidence.  Make sure Ss give reasons for their answer.
	5. M.  Individual Work: Page 10, #7, Evidence Comprehension.  Ss answer the question what is Chris’s conclusion.  Ss are asked to then think about how this conclusion will help them in deciding which model is better.  Ss should explain their reasoning.


6. Clarification Discussion.  Answer any questions students have about either of the studies, or address any problems of understanding you noticed while monitoring the group interactions.  
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D. EXAMINING EVIDENCE #1, #2, AND #3 

1.  Framing:  Encourage Ss to respond directly to others’ arguments while discussing their ratings (ME condition only) and arrows.  Let Ss know that it is OK to make changes to their arrows and ratings if convinced by their partners’ argument.  Inform Ss that they should be thinking about the overall question of this lesson, what is the function of mitochondria?
	2. ME.  Individual Work, Page 11, #8, Rate Evidence 1-3. Ss rate how good each evidence is with the ratings of 0, 1, 2, or 3. They do this on the arrow matrix on the next page, #4.   A small box is provided for them to their ratings.  An example is given to them at the bottom of page #3.  

	2. (M students skip this step).

	3. ME.  Pair Work, Page 11, #8A. In pairs Ss discuss their evidence ratings.  Pairs use evidence evaluation stems to help with their discussion.  If Ss make any changes to their ratings based on the discussion, they should do so using a red pen.

	3. ME.  Pair Work, Page 11, #8A. In pairs Ss use evidence evaluation stems to review the evidence that they have been reading about. 

	4. ME. Argumentative Class Discussion about Evidence Ratings.  You may want to hold a short argumentative discussion about evidence ratings. 

Ask questions such as:

What rating did you give for Evidence #1? 

Out of this evidence, which is the best evidence? Which is the worst? 

Encourage students to respond to each others’ ideas by giving support or challenging them. 
	4. M. Summative Class Discussion about Evidence Ratings.  You may want to hold a short discussion reviewing understanding of the three pieces of evidence. 

	5. ME.  Individual Work, Page 11, #8B, Arrows.  Ss draw appropriate arrows for each of the 3 pieces of evidence in the arrow matrix on Page 4.  An example is provided at the bottom of page 3 to show where students should put their arrows.
	5. M.  Individual Work, Page11, #8B, Arrows.  Ss draw appropriate arrows for each of the 3 pieces of evidence in the arrow matrix on Page 4.  An example is provided at the bottom of page 3 to show where students should put their arrows.

	6. ME. Pair Work, Page 11, #8C, Arrow Discussion.  In pairs Ss discuss their arrow choices with their partner.  Ss should give lots of reasons during this discussion to justify their arrow choices.  Pairs can use the general and arrow stems to help with their discussion.  If Ss make any changes to their arrows after their discussion, they should do so in red pen.
	6. M. Pair Work, Page 11, #8C, Arrow Discussion.  In pairs Ss discuss their arrow choices with their partner.  Ss should give lots of reasons during this discussion to justify their arrow choices.  Pairs can use the general and arrow stems to help with their discussion.  If Ss make any changes to their arrows after their discussion, they should do so in red pen.

	7. ME.  Argumentative class discussion.   You may want to hold a short argumentative discussion about arrows.
Ask questions such as:

Which arrow did you draw between Evidence 1 and the Energy model? 

How can Evidence 1 support both models?

Which is the strongest evidence? 
Encourage students to respond to each others’ ideas by giving support or challenging them.
	7. M.  Argumentative class discussion.   You may want to hold a short argumentative discussion about arrows.
Ask questions such as:

Which arrow did you draw between Evidence 1 and the Energy model? 

How can Evidence 1 support both models?

Encourage students to respond to each others’ ideas by giving support or challenging them.

	8. ME.  Pair Work. Extra Questions, Page 11, #8D.   If students have extra time, they may answer the extra-time questions.  ME students are less likely to have time to do this than M students. It is OK to skip these questions, or to have students do only some of them. 
	8. M.  Pair Work. Extra Questions, Page 11, #8D.   If students have extra time, they may answer the extra-time questions.  M students are more likely to have time to do this than ME students, because ME students may have spent more time on Steps 1 and 2 than M students.  It is OK to skip these questions.
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9. Group Work, Page 13, #9  Model Evaluation:  Groups discuss which model is better based on the first three pieces of evidence.  Ss should give many reasons for their ideas.  Groups can use the model evaluation stems during this discussion if needed.  
10. Argumentative Class Discussion. Model Evaluation:  In class, lead a short class discussion of which model is better based on the first three pieces of evidence.  Ss should give many reasons for their ideas.  

11. PowerPoint continuation.  Play several slides that follow up on Terri and Anne’s discussions. Terri  and Anne model for the class being tolerant of ambiguity and express enthusiasm for finding these things out.
E. EXAMINING EVIDENCE #4 (Mitochondria in Mice Liver Tissue) 

1. Group work: Page 13, #10, Groups Read Evidence #4.  Ss work in groups to read evidence #4 on page 13.  

2 . Group work: Page 14, #11, Groups Discuss Evidence Stems for Evidence #4.  Groups discuss evidence stems for Evidence #4.  Groups should at least discuss 2 stems during this discussion. Ss can answer the additional content questions if time permits.  ME CONDITION students focus especially on evidence ratings.  M condition classes may spend more time on these extra-time questions if they are ahead of the ME condition classes.  

3. Individual Work: Page 14, #12, Rating and Arrows for Evidence #4.  Ss add their arrows to the matrix on Page #12. 
[image: image21.emf]4. Pair Work:  Page 14, #12, Pairs Discuss Rating and Arrows:  In pairs Ss discuss their arrows.  Pairs should use the evidence and arrow stems during their discussion if needed.  If Ss decide to make a change to their rating or arrows, they should do so in red pen. 
5. Individual work: Page 14, #13 and #14, Model Evidence Relation Questions.  Ss answer two questions about how evidence #4 is related to both the movement model (#13) and energy model (#14).  Ss should reference their arrow choice (strong, contradicts, irrelevant, etc.) in their answer.  Ss should give lots of reasons for their answer.  
[image: image22.emf]6.  Framing:  Encourage Ss to respond directly to others’ arguments while discussing their ratings and arrows.  Let Ss know that it is OK to make changes to their arrows and ratings if convinced by their partners’ argument.  Inform Ss that they should be thinking about the overall question of this lesson, what is the function of mitochondria?

7. Short Argumentative Class Discussion.  In a short class discussion, discuss the evidence, the evidence ratings (ME condition only), and the arrows students chose for Evidence #4.  Encourage students to give reasons and to support and challenge others’ reasons. 

F. EVIDENCE 5: THE JOGGER STUDY (VIA SIMULATION)

[image: image23.emf]1.  Framing:  Tell Ss they do not a simulation on the computers.  This is an opportunity for them to collect some data and get a good sense of how these experiments are done. 

2. Group work: Page 15, #15, Simulation Evidence #5.  Ss work in groups to complete the simulation of evidence #5 on the computer.  Ss discuss prompting questions during the simulation.  Ss should discuss Evidence Stems if needed. Ss complete the data table provided to them with the data they collected from the simulation.  

3. Individual Work: Page 15, #16, Conclusion Question.  Ss answer the question what is your conclusion from Evidence #5.  Ss should give lots of reasons for their answers. 
[image: image24.emf]4.  Pair Work: Page 15; #17, Discussion of Conclusions:  In pairs Ss discuss their conclusions they generated from #16.  Together with their partner they come up with an agreed upon conclusion. If Ss are struggling with coming up with a conclusion, a short class discussion might be needed.  
5. Individual Work: Page 15, #18, Rating and Arrows for Evidence #5  Ss decide their rating and arrow choice for Evidence #5.  Ss add these to the arrow matrix on Page 12. M condition do only arrows.
6. Pair Work:  Page 15; #18, Pairs Discuss Rating and Arrows:  In pairs Ss discuss their arrows and ratings.  Pairs should use the evidence and arrow stems during their discussion if needed.  If Ss decide to make a change to their rating or arrows, they should do so in red pen. M condition do only arrows.
7. Individual work: Page 16, #19, Model Evidence Relation Questions.  Ss answer a question about how evidence #5 is related to the movement model.  Ss should reference their arrow choice (strong, contradicts, irrelevant, etc.) in their answer.  Ss should give lots of reasons for their answer.

8. Pair Work:  Page 16, #20, Evidence Comprehension Questions.  If time permits, have Ss answer the evidence comprehension questions. M condition classes may spend more time on these questions if they are ahead of the ME condition classes.  
[image: image25.emf][image: image26.emf][image: image27.emf]9. Short Argumentative Class Discussion.  In a short class discussion, discuss the evidence, the evidence ratings (ME condition only), and the arrows students chose for Evidence #5.  Encourage students to give reasons and to support and challenge others’ reasons. 
G. EVIDENCE 6: SKIN CARE EXPERT
[image: image28.emf]1. Group Work: Page 16-18, #21, Read Evidence #6, Email Exchange.  Ss work in groups and read the email exchange between Sue and Judy on pages 9 and 10.  Ss read the emails out loud.  Ss assign roles, one read the emails from Sue and the other read the emails from Jody. 
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2. Group Work: Page 19, #22, Groups Discuss Evidence.  Groups discuss evidence using the evidence stems if necessary.  If there is extra time, groups should answer the additional evidence comprehension questions.  
3. Individual Work: Page 19, #23, Rating and Arrows for Evidence #6.  Ss decide their rating and arrow choice 23for Evidence #5.  Ss add these to the arrow matrix on Page #4.  M condition Ss do only arrows.  

4.  Group Work: Page 19, #23, Discussion of Rating and Arrows for Evidence #6: In groups Ss discuss their arrows and ratings.  Pairs should use the evidence and arrow stems during their discussion if needed.  If Ss decide to make a change to their rating or arrows, they should do so in red pen. M condition
 Ss do only arrows.  
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	5.  ME.  Pair Work. Extra Questions, Page xx.   In a short class discussion, discuss the evidence, the evidence ratings, and the arrows students chose.  Encourage students to give reasons and to support and challenge others’ reasons.

This is a good opportunity to have a discussion about what makes a believable internet source.  What helps us know that we can trust what an internet source tells us?  Answers may include:

>> credentialed expertise,

>> not having a bias

>> not wanting to sell something (one source of bias)

>> provide credible evidence on the website


	5. M.  Short Argumentative Class Discussion.  In a short class discussion, discuss the evidence and the arrows students chose.  Encourage students to give reasons and to support and challenge others’ reasons.


H. MODEL EVALUATION

1. Framing.  

Outline.  Tell Ss that now after reading all of the evidence, it is now time for them to determine which model is the best for describing the function of mitochondria.  The mystery finally comes to an end.  This is the time they use everything they learned from the evidence and make a final decision.  And if they are not sure, that is fine. In real science, and in real life decisions, it’s not always possible to know the answer for a long time until more and more evidence is gathered. And even when scientists think they have a good model, someone may come up with an even better model! 

2. Group work: Page 19, #24, Model Evaluation Questions.  Groups discuss which model is better based on all of the evidence 1-6.  Groups use model evaluation stems if necessary.  If there is extra time groups can answer the extra questions provided.  The questions are about model evaluation. M condition questions are partly different from the ME condition.  
3. Group Work: Page 19, #25, .  Groups discuss any changes they would make to the groups preferred model to make it better.  Have groups come up with one change they would like to make the model to share with the class.  

Examples of what they might add:  


They might add that they produce energy by producing a chemical called ATP, which is used by the cells for energy.


They might add that the energy produced can be used for movement, but can also be used for other things. 

4. Individual Work: Page 20, #26, Which Model is Better.  Ss answer the question:  What is best model of the function of mitochondria.  Ss should give lots of reasons to support their answer.  Also, Ss should incorporate any changes they would make to the model to make it better from group discussion.  

5. Individual Work: Page 20, #27, Argument for Model.  Ss answer the question:  Write an argument to support your model.  Write fro someone who may not agree with you.  Ss may write to another student, a sibling, anyone other than the teacher.  PLEASE TREAT THESE TWO WRITTEN ANSWERS AS IF THEY WERE A QUIZ.
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6. Class Discussion: What is the function of mitochondria?  Ss share which model they decided is the best in describing the function of mitochondria.  Ss should argue for the model the selected by giving lots of reasons and reference specific pieces of evidence. 
Through general encouragement and through specific questions, encourage students to respond directly to each other, to give reasons in support of each other, and to challenge each others’ arguments. 

You may want to ask specifically about how specific evidence is related to one or both models. 

In the ME condition, encourage students to give the most weight to the most important evidence.

In the ME condition, encourage students to USE THE CRITERIA for evidence quality and for evidence strength. Ask them which criteria they are using if they do not spontaneously bring criteria up.
7. Final explanation if needed.   (If needed, you can add a final lecture in which you review the content they should have learned.)
8. PowerPoint wrap-up.  Play several slides that follow up on Terri and Anne’s discussions. Terri  and Anne model for the class being tolerant of ambiguity and express enthusiasm for finding these things out.

9. Framing.

Self-efficacy. Give specific feedback about good thinking that they have exhibited during this lesson.

Relevance.   Emphasize that putting lots of evidence together, patiently and step by step, is a skill that is important not just in science but in lots of real world situation. 
I. Assessment

[image: image35.emf][image: image36.emf]1. Individual Work: Page 21, #28, Assessment Questions.  This last question contains three assessment questions on the function of mitochondria.  One is a basic content question and two are transfer questions.  PLEASE TREAT THESE TWO WRITTEN ANSWERS AS IF THEY WERE A QUIZ. STUDENTS SHOULD NOT USE NOTES.
MITOCHONDRIA Argumentation Chart

	
	Overall pattern of evidence

	Energy model
	Energy model is best:

●  There is more evidence that supports it (they may say: bird evidence, jogger evidence, liver evidence, flagellum evidence).  Only the bird evidence and flagellum evidence supports the movement model.  Jogger evidence shows that energy is actually involved.

●  Mouse live evidence contradicts the movement model strongly. 

●  Flagellum evidence shows that the mitochondria are not actually touching. How could mitochondria cause movement directly if they don’t touch.
	Movement mode is best:

●  Birds, joggers, and flagella all move with mitochondria helping.

     ◄ But the jogger evidence shows that mitochondria are making the chemicals that the cell can use as energy.

     ◄ And all that evidence could just show that energy is made, and the energy helps movement.   

	
	Specific Evidence

	
	Evidence Goodness
	Arrows

	Bird evidence:

Interesting because it supports both models. 
	Bird evidence is good.  

●  They compared different species of birds.

      ◄ But only three birds.

Bird evidence is bad.  

●  The sample size is small.  

      ◄  But birds are all probably quite similar.

●  They didn’t really say how typical these birds are. How did they catch them? Were they sick? 

     ◄ But they were wild birds. Not like in a zoo or something.  


	Bird evidence supports energy model.
●  Birds that fly more need more energy to fly, or their muscles will get too tired. Mitochondria might provide that energy.   

( Perhaps not so strongly supportive because it doesn’t rule out the energy  model. Perhaps not so strongly supportive because it doesn’t rule out the movement model. 

Bird evidence supports movement model.

●  Birds that fly more have more mitochondria. Mitochondria might make the birds move.  

       ◄  But the mitochondria might also provide energy that makes birds move. Movement might come after energy is produced. 

( Perhaps not so strongly supportive because it doesn’t rule out the energy  model.
 

	Flagellum evidence:

Ultimately the claims drawn from this evidence are rather weak—there are lots of mitochondria that are far from the flagella, too. 
	Flagellum evidence is good.  

●  They are looking at real cells.

     ◄ But these aren’t real photographs of what they saw. [see below for rebuttal]

●  Multiple observers, including an expert, confirmed that the drawing was accurate. 

     ◄ It’s still not as good as a photo that we could see.

Flagellum evidence is bad.  

●  She only looked at two cells.  

      ◄  But maybe cells aren’t all that different.  
●  She didn’t carefully count how many mitochondria are near versus far away from the flagella.

●  She should have included some cells that didn’t have flagella to compare.

      ◄  But you can compare the different parts inside the cell; that’s a good comparison.   

	Flagellum evidence supports energy model.
●  Flagella need energy to move. Mitochondria might provide that energy.  The mitochondria are nearby so that the flagella can get the energy quickly.  

( Perhaps not so strongly supportive because it doesn’t rule out the movement  model.
Flagellum evidence supports movement model.

●  The mitochondria are nearby so that they can make the flagella move. 

       ◄  But the mitochondria might also provide energy that makes flagella move. Movement might come after energy is produced.

Flagellum evidence contradicts movement model.

●  The mitochondria are not touching the flagella. Wouldn’t’ they be touching if mitochondria actually made flagella move? 

       ◄ The mitochondria might send an electrical signal. 

●  Lots of mitochondria are located next to parts of the cell that are not moving. 

       ◄  They might be making stuff around them in the cell move. [We encourage that you not bring this up, if students don’t, as it’s a line of argument that might make it difficult to rule out the movement model.]


(  But it could also be giving out energy which are used all over the cell. 

	Hamster evidence:

     Very bad evidence; merits not arrows.  Worth talking about due to reasons why it is a bad study.
	Hamster evidence is good.  

Hamster evidence is bad.  

●  The sample size is small.  Just one hamster.

      ◄  But hamsters are all probably quite similar.

●  There is no comparison with healthy hamsters.

●  His techniques for observing were poor, and he wasn’t even sure his observations were accurate.

●  No one confirmed this observations.   
	Hamster evidence supports energy model.

●  The hamster was tired and it had few mitochondria.

       ◄  The study is so bad we shouldn’t allow it to support or contradict anything. 


◄  There was no comparison so you don’t know if ALL hamsters just don’t have few mitochondria. 

	Jogger evidence:

Very good evidence that strongly supports the involvement of energy
	Jogger evidence is good.  

● Men and women, not a very small sample. 

● They measured before and after a period of exercise, and also after a delay.  That allows a strong comparison htat shows that jogging causes more mitochondria to form, because they didn’t have those mitochondriabefore. 
● They used well established methods for measuring everything they measured.

Jogger evidence is bad.  

● No comparison with people who didn’t jog at all.


◄  
But they could compare the joggers before and after, and that’s a comparison.

 ● No comparison with people who didn’t jog at all.
	Jogger evidence supports energy model and contradicts energy model.
●  The evidence shows that ATP is made by mitochondria, and that means that energy is involved. And since energy is not directly in the movement model, it strongly contradicts the movement model. 

( Very strong support, as it also contradicts the energy model, and it also gets at the core mechanism of the energy model, showing that that mechanism exists. 

Jogger evidence supports movement model.

●  Joggers move; mitochondria helps them move.  

       ◄  But the movement model doesn’t say anything about energy.  And this study shows that energy is involved. You would at least have to change the movement model to include energy.

 

	Liver evidence:

Very good evidence that indicates that cells develop more and more mitochondria even though they do not move
	Liver evidence is good.  

● There were enough mice; 100 is quite a lot. 

● They compared mice at different ages. 
● They used well established methods for measuring everything they measured.

Liver evidence is bad.  

● No comparison with other animals.


◄  
But why does this matter? You want to see how mice mitochondria change as mice get older.

 ● They did not find out exactly why the mitochondria are increasing in number.
	Liver evidence supports energy model and contradicts energy model.
●  The evidence contradicts the energy model mitochondria become more numerous even though they don’t move.  


◄  Maybe livers are moving liquids through. 


( The movement model is about muscle types of movement, though. Moving bodies.

●  The evidence supports the energy model because livers probably need more energy has mice grow and the eat more and more.  


◄  But the evidence doesn’t tell us anything about why the mitochondria are getting more numerous. It might have nothing to do with energy. This is at best very very weak support.

( Perhaps not very strong support because it is about mice, not humans. 

 ◄  But mice mitochondria and human mitochondria probably aren’t that different.

	Skin expert evidence: 

    Very bad evidence that is interesting to discuss be​cause it invites discussion of when expert evidence is bad and when it is good.
	Skin care evidence is good.  

●  The woman is an expert, and we should believe experts. 
Hamster evidence is bad.  

●  You cannot see mitochondria with the naked eye, and you can’t see energy either! 

●  We have no reason to think that the woman is an expert.  In fact, saying that you can see mitochondria shows that you are not an expert. An expert should have studied in the field, and 

●  She is biased, too, because she wants to sell stuff to the customer. 
	Skin expert evidence supports energy model.

●  The women could see the mitochondria supporting the energy model. 

       ◄  That is impossible. Mitochondria are too small. 

Skin expert evidence contradicts energy model.

●  The evidence is so bad, it goes against the energy model. 

       ◄  It’s not the fault of a good model that there are nutty people who give crazy evidence for it. Better to just ignore it. 


