[image: image1.png]Lesson 2: What Does the Nucleus Do?

1. Before you begin the lesson, we want you to start thinking about how good or bad evidence is.

When evidence is good, you can believe the conclusions.
When evidence is bad, you cannot believe the conclusions.

Here are two examples:

A. Sarah wanted to find out if the students in her class like chocolate chip cookies. She asked
each person in her class, and found that 23 said they like chocolate chip cookies, and 1 did not.
She concluded that nearly all the students in her class like chocolate chip cookies. IS THIS
GOOD EVIDENCE OR BAD EVIDENCE for Sarah’s conclusion? WHY?

B. Anne wanted to find out if the students in her class like carrot cake. At night, she had a
dream that everyone in her class was eating carrot cake, and they were all smiling and looked
happy as they were eating. From this, she concluded that all the students in her class like
carrot cake. IS THIS GOOD EVIDENCE OR BAD EVIDENCE for Anne’s conclusion? WHY?

2. In thislesson, as you read the 5 pieces of evidence, you will be asked to rate how good that
piece of evidence is using the numbers 0, 1, and 2.

Rating of 0: This is very bad evidence. This means: We cannot believe the conclusions at
all. We should ignore this evidence and not think about it any more.

Rating of 1: This is not very good evidence, but it is not totally bad evidence. This means:
We can believe the conclusion a little, but we have to be careful.

Rating of 2: This is good or very good evidence. This means: We believe the conclusion.
The evidence shows that the conclusion is correct.
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[image: image2.png]3. Here are two models of what a nucleus does. You will use 3 pieces of evidence to determine
which model is better. You will then revise the better model to make it even better. Read each of
the two models.

CONTROL CENTER MODEL

The nucleus is the control center of the cell. Itis like a brain. It works like this:

The nucleus is a membrane with The DNA and its genes in The other parts of
strands of DNA inside. Each the nucleus give orders to the cell follow the
strand of DNA is a sequence of the other parts of the cell orders.

genes. A gene is a small bit of and tell them what to do.
DNA.

INSTRUCTIONS MODEL

The nucleus gives instructions to make cell structures. It works like this:

The nucleus is a Each gene gives instructions to The chemical structures
membrane with the cell to make particular - | do things in the cell.
strands of DNA inside. chemical structures.

Each strand of DNA is a Different genes give instructions
sequence of genes. A to make different chemical

gene is a small bit of structures.

DNA.
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[image: image3.png]Evidence #1 - Dolly

4. In pairs, complete Evidence 1. Evidence 1 is a computer simulation. Follow the directions that
you see on the computer.

5. Individually, answer this question: How good or bad is Evidence #1? Write your reasons for
your answer. Write to someone who might disagree with you.

6. A. Individually, rate how good this piece of evidence is (0, 1, or 2) in the small box under
Evidence #1 on Page 5.

B. In pairs, discuss your evidence goodness ratings. Use a red pen if you want to change
your evidence ratings after discussing them.

7. A. Individually, draw appropriate arrows to connect the evidence with each model on the
right hand side.

B. In pairs, discuss your arrows. Give lots of reasons, and discuss anything you disagree
about. If you change your mind about an arrow, draw a new arrow in red ink.

C. Individually, write your answer: Which model (or models) does this evidence support,
and why? (Don’t take more than 3 minutes to write your answer.)
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[image: image4.png]Evidence #2 - Glowing Cats

8. Read the Scientific American Blog in your groups on the computer. Follow the directions that
you see in the blog.

Glowing Cats Evidence Check: Discuss all these questions in pairs. Then circle the best answer
to Questions I-V. Use the evidence summary pages to help you.

I. According to the scientists, what makes the jellyfish glow?
A. Their GFP genes glow.
B. Their GFP protein glows.
C. Their GFP mitochondria glow.
I1. Which of these did the scientists do?
A. They injected a glow-in-the-dark chemical into adult jellyfish.
B. They injected a glow-in-the-dark chemical into adult cats.
C. They put a cat gene into a jellyfish egg.
D. They puta jellyfish egg into a cat egg.
III. According to the scientists, why did the cats glow?
A. The GFP gene glows in cats.

B. The GFP gene gives instructions to make the GFP protein, and the GFP protein glows in
cats.

C. The GFP gene does not do anything at all in cats, and this is why the cats glow.
IV. What is the best conclusion for this study?
A. The GFP gene gives instructions to make the GFP protein.

B. The GFP gene gives instructions to make the GPF protein, and the GPF protein makes
animals glow.

C. The GFP gene does not make any proteins. No one knows why the cats and jellyfish glow.

V. Which model does this evidence support, and why? (Don’t take more than 3 minutes to write
your answer.)
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[image: image5.png]9. A. Individually, rate how good this piece of evidence is (0, 1, or 2) in the small box under
Evidence #2 on Page 5.

B. In pairs, discuss your evidence goodness ratings. Use a red pen if you want to change
your evidence ratings after discussing them.

10.  A. Individually, draw appropriate arrows to connect the evidence with each model on the
right hand side.

B. In pairs, discuss your arrows. Give lots of reasons, and discuss anything you disagree
about. If you change your mind about an arrow, draw a new arrow in red ink.

Model-Evidence DIAGRAM -Evidence 1 and 2

e —————— The evidence supports the model.

The evidence STRONGLY supports the model.

The evidence contradicts (goes against) the model.

—————— ———— The evidence STRONGLY contradicts (goes against) the model.

"""""" > The evidence is irrelevant to the model.

Evidence #1 - Dolly

Control Center
Model

Instructions
Model

Evidence #2 - Glowing Cats
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[image: image6.png]Evidence #3 - Tadpoles
11. Read the research report on Tadpoles in groups.
12. In groups, discuss this question: What do you conclude from this study?

13. Copy your evidence rankings and arrows for Evidence #1 and #2 from page 5 to the arrow
matrix on page 8.

14. Individually, add evidence ratings and arrows for Evidence #3 on Page 8. Then in pairs
discuss your ratings and arrows.

Evidence #4 - Website
15. Read the information from the website www.ineedhelp.com in your groups on the computer.
16. Individually, add evidence ratings and arrows for Evidence #4 on Page 8. Then in pairs
discuss your ratings and arrows.

Evidence #5 - Diabetes

17. Read the Diabetes study in groups on the computer. Follow the directions you see on the
computer.

Diabetes Evidence Check: Discuss all these questions in pairs. Then circle the best answer to
Questions[to V.

I. People get Type 1 diabetes because
A. their bodies produce too much insulin

B. their bodies do not produce insulin.

II. According to the scientists’ hypothesis, healthy people
A. have a normal DRB gene which gives instructions to make the DRB protein
B. have a normal DRB gene but no DRB protein
C. have a mutated DRB gene and no DRB protein

D. have a mutated DRB gene which gives instructions to make a lot of DRB protein
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[image: image7.png]III. According to the scientists’ hypothesis, people with Type 1 diabetes

A. have a normal DRB gene which gives instructions to make the DRB protein

B. have a normal DRB gene but no DRB protein

C. have a mutated DRB gene and no DRB protein

D. have a mutated DRB gene which gives instructions to make a lot of DRB protein
IV. What is the best conclusion from this study about healthy people?

A. Most of them have normal DRB genes and DRB protein in their cells.

B. Most of them have mutated DRB genes and no DRB protein in their cells.
V. Whatis the best conclusion from this study about people with Type 1 diabetes?

A. Most of them have normal DRB genes and DRB protein in their cells.

B. Most of them have mutated DRB genes and no DRB protein in their cells.

18. In groups, discuss this question and write your best answer: What do you conclude from this

study?
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[image: image8.png]19. Individually, add evidence ratings and arrows for Evidence #5 on Page 8. Then in pairs,

discuss your ratings and arrows.

Arrows Diagram

Evidence Goodness

Control Center Model

Instructions Model

#1. Dolly

#2. Glowing Cats

#3. Tadpoles

#4. Website

#5. Diabetes
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[image: image9.png]20. Link Evidence 2 to each of the models, using the arrows. Then, individually, answer the two

questions below.

What arrow did you draw between Evidence 5 and the Control Draw arrow
Here:

Center Model? Write your reasons for your arrow choice.

What arrow did you draw between Evidence 5 and the Instructions | prawarrow
Model? Write your reasons for your arrow choice. Here

Model Evaluation

21. Discuss in your pairs:
A. Which model is better, based on the evidence so far (circle one)? The Control Center

Model or the Instructions Model?
B. How well does the better model fit your class’s criteria for good models? Discuss as

many criteria as you can.
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[image: image10.png]22. Discuss in your pairs: Are there changes you could make to the better model to make it even
better? Make any changes to the better model in the space below.

Individually write your reasons for the changes you made.
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[image: image11.png]23. Individually, explain why your model is a good model. Explain what evidence supports the
model, and explain in detail how the evidence supports your model.

24. Asaclass you will revise your class’s criteria list for good models.
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[image: image12.png]The Function of the Nucleus
18. Individually, answer these questions:

a. What is the function of the nucleus?

b. What would happen if you took the nucleus of a mouse egg and put it in a chicken egg?

C. Some muscle cells have more than one nucleus.
How would muscle cells with more than one nucleus be
different than cells that have only one nucleus?
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Lesson 2 –What does the nucleus do?


Day 1 – Introduction to Evidence Goodness and Nucleus Models


Objective: Students are introduced to evidence goodness ratings and will use these ratings to evaluate 5 pieces of nucleus evidence.  Students are introduced to two competing models for the function of the nucleus and will evaluate the first piece of nucleus evidence.


Assessment: Do now (formative), evidence goodness examples (formative), differences between 2 models (formative), evidence 1 discussions (formative), 


Materials: 


Student Worksheet: PRACCIS Nucleus Student Packet


Computers and PowerPoint for Evidence #1 (PRACCIS Nucleus Evidence #1 Dolly)


PRACCIS Intro Powerpoint


Do now: Write down what you think the function of the nucleus is.


Procedure:  Follow the procedure on Pages 2-4.


Closure: Class discussion to summarize evidence 1.


Homework: No Homework


Modifications: 





Lesson 2 – What does the nucleus do?


Unit: Cells


Lesson: 2


Main Idea: cellular organelles, nucleus


Standards:


5.1 (Scientific Processes) All students will understand that science is both a body of knowledge and an evidence-based, model-building enterprise that continually extends, refines, and revises knowledge. The four Science Practices strands encompass the knowledge and reasoning skills that students must acquire to be proficient in science


5.3 (Life Science) All students will understand that life science principles are powerful conceptual tools for making sense of the complexity, diversity, and interconnectedness of life on Earth. Order in natural systems arises in accordance with rules that govern the physical world, and the order of natural systems can be modeled and predicted through the use of mathematics.


CPI:


5.3.6.A.2.  Model and explain ways in which organelles work together to meet the cell’s needs.  


5.1.P.D.1.  Represent observations and work through drawing, recording data, and “writing.”


5.1.4.D.2.  Work collaboratively to pose, refine, and evaluate questions, investigations, models and theories.


5.1.8.D.2. Engage in productive scientific discussion practices during conversation with peers, both face-to-face and virtually, in the context of scientific investigations and model-building. 





Lesson Timeline: 4 Days Total


Day 1 – Introduction to Evidence Goodness, Nucleus Models, and Evidence 1


Day 2 – Evidence 2 and 3


Day 3 – Evidence 4 and 5


Day 4 – Model Revision








Day 1 – Evidence Goodness


 Introduce Lesson, and provide motivational / anticipatory set  (5 min or less)


       A.  Discuss past and future progress. Emphasize that students did very well in the chloroplasts lesson.  Tell them what specific skills/strategies they did well at, and mention a few that need some improvement. Emphasize the positive aspects of what they will be learning. 


       B.  Relevance. Sell them on the idea of the value of getting even better at working out real scientific issues!  And remind them that these skills of thinking about evidence are used everywhere by good thinkers. 


       C. Interesting things in this lesson.  Mention some interesting things about this lesson. 


>> All the evidence is on the computer!


>> You’re going to learn about cats that glow in the dark.


>> You’ll find out about the cause of a disease that lots of people have. 


>> You’ll learn about genes. 


>> And you’ll find out what all those nuclei you saw a couple of weeks ago through the microscope do. 





Evidence Goodness – This introduction to evidence goodness activity should take no more than 5-8 min.





(#1) Class Discussion.  Before students dive deep into the models and evidence for the nucleus unit, they will first learn about “evidence goodness” with two example pieces of evidence as a class.  Ask students about each of the two examples (Sara and Anne). For each, ask the students whether it is good evidence or bad evidence, and to explain their reasons. Encourage students to share as many reasons as they can.  If students do not come to the idea that the first evidence is quite bad and the second relatively good, you may need to guide the discussion so that they grasp these points.  





(#2) Ratings Inform students that in this lesson they will be asked to rate each of the five pieces of nucleus evidence.  Students rate each piece of evidence using the numbers 0, 1, and 2 based on the guidelines listed for each in #2.  Read these to the students.  Then go back and have students rate the two pieces of evidence from #1.  Have students give reasons for their ratings.  





Then show students two more pieces of evidence on slides of the Intro PowerPoint.  After each piece of evidence have students rate how good the evidence is.  Students should provide reasons for their ratings during this discussion.  





Evidence C – Headache medicine evidence (anecdotal) , slide 1





Evidence D – Headache medicine evidence, scientific study, large sample size, slide 2























Day 1 – Nucleus Models


Introduce Nucleus Models – This should take 10 minutes.


(#3) Show students slides 4 and 5 with pictures of the nucleus. Ask what they think the nucleus does from their “do now.”  Then show them the slides 6 and 7 that explain DNA and genes.  Sell them on the idea of getting even better at working out real scientific issues!  And remind them that these skills of thinking about evidence and models are used everywhere by good thinkers. 





Introduce the two models.  The models show multiple steps.  Pick students to read these models to the class, and have a short discussion about the differences between the two models.  They may wonder HOW the nucleus gives its orders in the control center model. They should note that, ultimately, the model just doesn’t say. Of course, if they think, in the end, that the control center model is the better model, then they can revise to be more specific about how it gives its orders, based on the evidence that they will see.


 


What evidence would help you decide between them?  Ask students what evidence would help them decide which model is better. One clear difference is that the instructions model predicts that the nucleus causes structures to be made in the cell, so you could look and see if structures made by the nucleus are present. 





Day 1 – Evidence #1


Evidence 1: This evidence should take about 21 minutes.


(#4)  Evidence 1 activities. Introduce Evidence #1, which students will complete in pairs. Evidence #1 is a computer simulation.  Students follow the directions they see on the computer.  Give students about 7 minutes to complete simulation.  If needed, encourage groups to give reasons for their ideas as they discuss the two questions on the last slide. 


(#5) Individual writing. Next students write about how good or bad this piece of evidence was, using what they just learned about rating Evidence Quality on scale from 0 to 2.  Make sure students provide reasons for their answers and that they write to someone that might disagree with them.  Give students 3 minutes to write.  


 (#6)   Model-evidence diagram. In Steps #6 and 7, students engage in a route routine set of procedures for filling out arrows diagrams that they will use repeatedly in this and later units. Emphasize to students that, in following these steps, they are engaged in good reasoning. They are learning some really good steps for thinking about models and evidence. And this routine to think about models and evidence can be used when they are thinking about lots of things, not just about science. For example, they could use these procedures to think about whether the evidence shows that someone is guilty or innocent, as they did in Sam Spade.  


       In Step #6, students individually rate the goodness of Evidence #1 once they are done.  Students should put their rating on the ME diagram in the rating box for Evidence #1 on Page #5.  It might be a good idea to show them where this rating goes, since this is their first time using these boxes.  	


       B.  Students then discuss their ratings in pairs.  If students want to change their rating they should do so using a red pen.  (Total time 4 minutes).


(#7)  Model-evidence diagram. A.  Students individually draw arrows to connect evidence to each model on Page #5 (remind students that they did this in the Sam Spade activity).


B.  Pair discussion. Students then discuss their arrows in pairs.  Remind students that if they disagree with their partner they need to provide reasons for their arrows they selected.  Walk around and hold them accountable to giving reasons and disagreeing with each other when appropriate. (Total time 4 minutes)


C.  Individual writing. Students complete Evidence #1 by judging which model is supported by this piece of evidence.  Give students 3 minutes to write.  Make sure students write about whey they picked the model they did, if any.  


After students complete evidence #1, you can hold a brief discussion asking students to share their evidence ratings with the rest of the class.  Ask students to provide reasons for their rating.  If time permits you can have students share their arrow choice in relation to both models.  





Lesson 2 –What does the nucleus do?


Day 2 – Nucleus Evidence 2 and 3


Objective: Students rank and draw arrows for 2 pieces of evidence in relation to the two competing nucleus models.


Assessment: Evidence #2 Check (formative), evidence ranking and arrow discussions (formative)


Materials: 


Student Worksheet: PRACCIS Nucleus Student Packet


Computers and PowerPoint for Evidence #2 (PRACCIS Nucleus Evidence #2 glowing cats)


Evidence #3 Tadpole Handout (PRACCIS Nucleus Evidence #3)


Nucleus Lesson PowerPoint (PRACCIS Intro)


Do now: Summarize the conclusion of Evidence #1.


Procedure:  Follow the procedure on Pages 6-8.


Closure: Class discussion to summarize evidence 2 and 3.


Homework: No Homework


Modifications: 








Lesson 2 – What does the nucleus do?


Unit: Cells


Lesson: 2


Main Idea: cellular organelles, nucleus


Standards:


5.1 (Scientific Processes) All students will understand that science is both a body of knowledge and an evidence-based, model-building enterprise that continually extends, refines, and revises knowledge. The four Science Practices strands encompass the knowledge and reasoning skills that students must acquire to be proficient in science


5.3 (Life Science) All students will understand that life science principles are powerful conceptual tools for making sense of the complexity, diversity, and interconnectedness of life on Earth. Order in natural systems arises in accordance with rules that govern the physical world, and the order of natural systems can be modeled and predicted through the use of mathematics.


CPI:


5.3.6.A.2.  Model and explain ways in which organelles work together to meet the cell’s needs.  


5.1.P.D.1.  Represent observations and work through drawing, recording data, and “writing.”


5.1.4.D.2.  Work collaboratively to pose, refine, and evaluate questions, investigations, models and theories.


5.1.8.D.2. Engage in productive scientific discussion practices during conversation with peers, both face-to-face and virtually, in the context of scientific investigations and model-building. 





Lesson Timeline: 4 Days Total


Day 1 – Introduction to Evidence Goodness, Nucleus Models, and Evidence 1


Day 2 – Evidence 2 and 3


Day 3 – Evidence 4 and 5


Day 4 – Model Revision








Day 2 – Evidence 2


Have students finish any of evidence #1 they did not complete on day one. 


Framing. Remind them that their task is to figure out which model of the nucleus’s function is better, and they will get more evidence to help them. They’ll be learning lots of good strategies for thinking about models and evidence that they can use at school and outside of school. 


Evidence 2.  This evidence should be completed in about 25 minutes.  


(#8)   Enhancing interest. To enhance interest, emphasize that they’re going to learn about cats that glow in the dark!


Group work with evidence.  In groups, students will review evidence #2.  Give students about 7-10 minutes to go through this piece of evidence on the computer.  The computer will ask the questions that the groups should discuss (with lots of reasons), and it will sometimes ask the group members to take turns asking each other questions. Make sure students are answering/discussing all the questions on the computer. 


In pairs students answer 5 evidence comprehension questions.  Hold a brief discussion that allows students to share their answers to these questions.  This will give you an idea if students understood the evidence.  If you see that they did not, you can go into a more detailed discussion of the evidence at this time; encourage students to explain the evidence to each other through the discussion, to the extent that you can.  Students may discuss the answer to the open-ended question before they each individually write their answers. But they should write their answers without further consultation with each other.


    You can also show students slides 9 and 10 to point out specifics from this evidence.  Give pairs 7 minutes.  





	





 


























Slide 10: 








Day 2 – Evidence 2


Evidence 2 (cont). 


(#9) Model-evidence diagrams.  Emphasize again that, in filling out the model-evidence diagrams, students are putting into practice a very good thinking routine for thinking carefully about what ideas are best supported by the evidence. 


A.  Individual rating. Students individually rate Evidence #1 once they have completed reading it.  Students should put their rating on the ME diagram in the rating box for Evidence #2 on Page #5. 


B.  Pair discussion.  Students then discuss their ratings in pairs.  If students want to change their rating they should do so using a red pen.  (Total time 4 minutes).


(#10)  A.  Individual arrows. Students individually draw arrows to connect evidence to each model on Page #5.


B.  Pair discussion.  Students then discuss their arrows in pairs.  Remind students that if they disagree with their partner they need to provide reasons for their arrows they selected.  Encourage them to use the kinds of reason questions and statements that you have just discussed. (Total time 4 minutes). 


C. Class discussion about new Scientific Reasoning Stems.  Remind students to think about the scientific reasoning stems during their arrows and ranking discussions.  Point out that there are some ways of asking for and giving reasons, and ways of disagreeing with each other, that are specific to the model-evidence diagrams.  Share a few examples of student talk you would like to hear from them as you walk around the room.  


Examples:  


1.  Why did you draw strongly supports instead of supports?  By asking why one arrow and not the other arrow, the question is more specific, and helps focus thinking.


2.  I chose supports instead of irrelevant because...  By giving a reason for one arrow versus another, the point of the reason is really clear, and you have to be very clear and specific in your thinking to give this reason. 


3.  I agree that Evidence 3 supports Model A, but I think it strongly supports it.  This is good, because you show both where you agree and disagree at the same time.  


As examples, write these slightly new kinds of stems on your room’s poster of Scientific Reasoning Stems. 





	





 


























Slide 10: 








Day 2 – Evidence 3


Evidence 3 -  This evidence should take about 13 minutes.


(#11) Evidence #3 activities in groups.  In groups, students read Evidence #3.  This evidence is provided to students as a handout.  Give students 5 minutes to read through this evidence.  This evidence is largely irrelevant to both models, but students may have reasons for saying it supports one model or the other.  


(#12) Group conclusions. In groups, students come up with a conclusion for the study.  Give students 3 minutes for this discussion.  Students do not need to write their final conclusions down.  In a brief class discussion, have students share their conclusions and compare their various conclusions. There may be some conclusions that students will argue are not adequate; encourage them to share their reasons on these issues.


(#13) Copying arrows and ratings. Before students rate and draw arrows for Evidence #3, they will copy their ratings and arrows form Evidence #1 and #2 into the arrow matrix on Page #8. Remind students how to use the arrow matrix for putting in their rankings and drawing in their arrows. (1 minute)  


(#14) Model-evidence diagram routine.  Students individually rate and draw arrows for Evidence #3 in the arrow matrix on Page #8.   Students then discuss their ratings and arrows in pairs.  If students want to change their rating they should do so using a red pen.  As you walk around the room, hold them accountable for the norms of giving reasons and disagreements; encourage them to use the ideas presented earlier to talk about specific reasons why they chose one arrow and not another. (4 minutes). 


Brief class discussion. After students are done, you can have a brief class discussion that summarizes both evidence 2 and 3.  Students can also share their rating and arrow choices if time permits.  





	





 


























Slide 10: 








Lesson 2 –What does the nucleus do?


Day 3 – Nucleus Evidence 4 and 5


Objective: Students rank and draw arrows for 2 pieces of evidence in relation to the two competing nucleus models.


Assessment: Evidence #5 Check (formative), evidence ranking and arrow discussions (formative), evidence conclusion (formative)


Materials: 


Student Worksheet: PRACCIS Nucleus Student Packet


Computers and PowerPoint for Evidence #4 and 5 (PRACCIS Nucleus Evidence #4 Website, PRACCIS Nucleus Evidence #5 diabetes)


PRACCIS Intro Powerpoint


Do now: Which model do you think is the best model so far?


Procedure:  Follow the procedure on Pages 10-12.


Closure: Class discussion to summarize evidence 4 and 5.


Homework: No Homework


Modifications: 











Lesson 2 – What does the nucleus do?


Unit: Cells


Lesson: 2


Main Idea: cellular organelles, nucleus


Standards:


5.1 (Scientific Processes) All students will understand that science is both a body of knowledge and an evidence-based, model-building enterprise that continually extends, refines, and revises knowledge. The four Science Practices strands encompass the knowledge and reasoning skills that students must acquire to be proficient in science


5.3 (Life Science) All students will understand that life science principles are powerful conceptual tools for making sense of the complexity, diversity, and interconnectedness of life on Earth. Order in natural systems arises in accordance with rules that govern the physical world, and the order of natural systems can be modeled and predicted through the use of mathematics.


CPI:


5.3.6.A.2.  Model and explain ways in which organelles work together to meet the cell’s needs.  


5.1.P.D.1.  Represent observations and work through drawing, recording data, and “writing.”


5.1.4.D.2.  Work collaboratively to pose, refine, and evaluate questions, investigations, models and theories.


5.1.8.D.2. Engage in productive scientific discussion practices during conversation with peers, both face-to-face and virtually, in the context of scientific investigations and model-building. 





Lesson Timeline: 4 Days Total


Day 1 – Introduction to Evidence Goodness, Nucleus Models, and Evidence 1


Day 2 – Evidence 2 and 3


Day 3 – Evidence 4 and 5


Day 4 – Model Revision











Day 3 – Evidence 4 and 5


Framing.   Remind students what their task is, and that they are learning not only what the function of the nucleus is but how scientists figure out what the function is. Encourage interest by pointing out that today they will see evidence like they see on the internet every day, and they’ll also see what the nucleus has to do with diabetes.


Evidence 4:  This evidence should be completed in about 9 minutes


(#15) Group evidence activities. Students complete Evidence #4 in groups.  This is a computer simulation.  This evidence is really bad, but students might not think so because it is coming from a website that they may take to be authoritative.  Give groups about 3 minutes to go through this Evidence.     


(#16) Model-evidence diagram routine.  Students individually rate and draw arrows for Evidence #4 in the arrow matrix on Page #8.   Students then discuss their ratings and arrows in pairs.  If students want to change their rating they should do so using a red pen.  As always, hold students accountable for using language of reasons and disagreement, and encourage them to specifically ask and answer about why they choose one arrow rather than another. (4 minutes).


ARGUMENTATIVE CLASS DISCUSSION. At this point, hold a class-wide discussion about which model is better. This is a good point in the unit to hold an argumentative class discussion because, until this point, it may still be reasonable for students to argue strongly for the control center model. The control center becomes less tenable after Evidence #5, which (like the glowing cats evidence) strongly supports the instructions model. 


More suggestions for this class discussion are on the next page. Please refer to the next page. 


Evidence 5:  This evidence should be complete in about 25 minute


(#17) Group evidence activities. Students complete Evidence #5 in groups.  This is a computer simulation.  Students should follow the directions on the computer.  Give groups 10 minutes to go through this evidence.  


In pairs students answer 5 evidence comprehension questions on Pages 6 and 7.  Give pairs 5 minutes.  











 
































Day 3 – DISCUSSION (CONTINUED)


SUGGESTIONS FOR ARGUMENTATIVE CLASS DISCUSSION.  ALSO SEE THE TEACHER’S EVIDENCE GUIDE FOR MORE INFORMATION.  (This can be found as the second part of the “Evidence Summaries document.” The first part goes to students; the last part is for the teacher. 





In the argumentative discussion, pose the central question:


	Which model is better?  Through a show of hands, find out which students support which position (Model A, Model B, or “I haven’t decided yet” as a third option). 


	Encourage students to give reasons for their ideas and respond directly to each other’s ideas. Play the devil’s advocate if it will help to get them to engage in argumentation about one or more of the models. Example questions: 


	


	Example of possible sub-questions.


What do you think about Sue’s argument?


Does any one agree/disagree with what Julio said? 


What do you think about Evidence 3?  //  What does Evidence 3 show about chloroplasts?


Which of these models fits Evidence 2 the best?   


Which model fits Evidence 1 the best? 


What do you think about Stephen’s answer/reasons/argument? 


Does anyone have a different idea?


Who else has an idea?


Which is the strongest evidence for Model A (or Model B, or Model C)?





Encourage students to use the MODEL GOODNESS CRITERIA  in their arguments about which models are better. Thus, arguments about which models are clearest, easiest to understand, appropriately detailed, etc., are relevant as well as are arguments about evidence fit. In this condition, you could specifically ask students about criteria:


Which model fits the evidence better?  


Which model is more understandable?


Which model shows the steps better, or are they the same?   





Just in case students mostly take the side of the instructions model (based on Evidence 2), you can play the devil’s advocate for the control center model, and get them to argue against you. 


          For example, you could argue:  


         “Well in the dolly evidence, when the scientists put the nucleus of the white faced sheep into the cell of the black faced sheep, the face was white. That shows that the nucleus was in control of the color of the face. The nucleus must have been sending out orders to the cells in the face to make only white hairs!”�         “Evidence 4 says very clearly that the control center model is right. This is an answers website, and it gave us the answer. Doesn’t this absolutely prove that the control center model is right?” �         “In the clawed frog evidence, the nucleus is telling the tadpole how to grow, and when there are mutations in the nucleus, it doesn’t do the control center job right. That shows that the control center model has to be the right one. What do you say about that?”    








 
































Day 3 – Evidence 4 and 5


Evidence 5 (cont): 


(#18) Group discussion of conclusions. Groups discuss a final conclusion for this study.  Students are then asked to individually write their group’s conclusion in the space provided.  Give students 3 minutes to discuss the conclusion and 3 minutes to write. They write individually after discussing what to write in groups.  


Brief class discussion.  Hold a brief discussion that allows students to share their answers to this question and the Multiple Choice evidence comprehension questions.  This will give you an idea if students understood the evidence.  If you see that they did not, you can go into a more detailed discussion of the evidence at this time.  You can show slides 13-15 to help point out specifics from this evidence.








 
































Day 3 – Evidence 4 and 5


Evidence 5 (cont): 


(#19) Model-evidence diagram routine. Students individual rate and draw arrows for Evidence #5 in the arrow matrix on Page #8.   Students then discuss their ratings and arrows in pairs.  If students want to change their rating they should do so using a red pen.  As you have been doing in previous group discussions, walk around and hold students accountable for asking for and giving reasons and for disagreeing appropriately, all with a focus on explaining why they chose one arrow rather than some alternative arrow. (4 minutes).


Brief class discussion.  After students are done, you can have a brief class discussion that summarizes both evidence 4 and 5.  Students can also share their rating and arrow choices if time permits.  








 
































Lesson 2 –What does the nucleus do?


Day 4 – Model Revision


Objective: Students determine the best model for the function of the nucleus.  Students revise the best model to make it even better based on what they learned from the five pieces of evidence.


Assessment: Picking the best model (formative), Model Revision (formative), Nucleus quiz (formative)


Materials: 


Student Worksheet: PRACCIS Nucleus Student Packet


Do now: Complete questions #20.


Procedure:  Follow the procedure on Pages 14-17.


Closure: Discussion of what is the function of the nucleus.


Homework: No Homework


Modifications: 














Lesson 2 – What does the nucleus do?


Unit: Cells


Lesson: 2


Main Idea: cellular organelles, nucleus


Standards:


5.1 (Scientific Processes) All students will understand that science is both a body of knowledge and an evidence-based, model-building enterprise that continually extends, refines, and revises knowledge. The four Science Practices strands encompass the knowledge and reasoning skills that students must acquire to be proficient in science


5.3 (Life Science) All students will understand that life science principles are powerful conceptual tools for making sense of the complexity, diversity, and interconnectedness of life on Earth. Order in natural systems arises in accordance with rules that govern the physical world, and the order of natural systems can be modeled and predicted through the use of mathematics.


CPI:


5.3.6.A.2.  Model and explain ways in which organelles work together to meet the cell’s needs.  


5.1.P.D.1.  Represent observations and work through drawing, recording data, and “writing.”


5.1.4.D.2.  Work collaboratively to pose, refine, and evaluate questions, investigations, models and theories.


5.1.8.D.2. Engage in productive scientific discussion practices during conversation with peers, both face-to-face and virtually, in the context of scientific investigations and model-building. 





Lesson Timeline: 4 Days Total


Day 1 – Introduction to Evidence Goodness, Nucleus Models, and Evidence 1


Day 2 – Evidence 2 and 3


Day 3 – Evidence 4 and 5


Day 4 – Model Revision








Day 4 – Model Evaluation 


(#20). Framing.  Emphasize to 





Individual writing: Giving reasons for arrow choices.  Students justify their arrow choices for Evidence 5 in relation to both models. Make sure students draw their arrow choice in the questions and provide proper justification in the space provided.  





Direct students to explain their answers very clearly: “Write as if you are writing to someone who drew a different arrow than you did, and they can’t understand why you drew your arrow. Explain it to them!”  (6 minutes)�


(#21).  Pair work discussions.  


MC -  In pairs students discuss the following questions:


Which model is better based on the evidence so far?  Students should circle the model they decide on.


How well does the better model fit your class’s criteria for good models.  Have students discuss at least five criteria during this discussion.  Make sure students are giving reasons during this discussion.  


M – In pairs students discuss the following questions:


Which model is better based on the evidence so far?  Students should circle the model they decide on.


What piece of evidence helped you the most in deciding which model is better?


What other evidence would you like to have to help you decide which model is better?


How are the two models similar, and how are they different?


Hold students accountable as they are talking for providing reasons using the scientific reasoning stems during these discussions.  Give both conditions about 7 minutes to answer these questions.


Class Discussion.  Now recap students’  thinking in a final argumentative discussion. The suggestions on page 11 of the teacher’s guide are applicable to this discussion, as well, except students now have Evidence #5 to consider, too.  This discussion may be shorter than that one, as students positions may have moved strongly toward the instructions model.  








 
































M condition: In #21, Students discuss instead:  


	A.  Which model is better, based on the evidence so far (circle one).


	B.  What piece of evidence helped you the most in deciding which model is better? Give  reasons for your answer.


	C.  What other evidence would you like to have to help you decide which model is better? 


	D.  How are the two models similar, and how are they different?





Day 4 – Model Revision


 (#22).  Pair discussions about models.  Have pairs discuss what they have learned about the function of the nucleus from Evidence #1 - #5.  What information did they learn about that is not present in the best model they selected? 


 In pairs, students discuss any changes they would make to make the best model even better. Students should, at least, add the function of proteins to the best model here, but wait to bring this idea out in the class discussion after they complete their essays.  Students may also want to make changes to make the model better fit other criteria such as understandability, and so on.  Encourage students to build on the model they selected and to use the criteria to help them make their models better. 


Then, in pairs, students draw/write their models in the box, and explain their models in their own words individually.  Make sure students are giving a full description of their revised model and not just what they added to the model they selected.


Individual writing. After working on their model together, each student individually writes their reasons for their changes. 


Make sure to remind students to be thinking about the class criteria for good models while they are revising their initial models.  
































Day 4 – Model Revision


 


(#23) Framing: Emphasize competence.  Remind students that they have been learning a lot about how to think about evidence and models, and that they have been giving good reasons in their writing and discussions. Emphasize that you want them to show  you further how they can write with reasons, just as they have been doing very well throughout this unit in their discussions. Note that they will get better and better as they practice what they have been learning. 


       Relevance:  remind students that giving good reasons, and being able to write reasons clearly so that others can understand your thinking is important in every profession, from business to law to science. 


 Individual writing. Students individually explain why their model is a good model.  Express the importance and guidelines of writing good detailed responses for this question to the students.  Answers should include an explanation of what evidence supports your model (students should talk about ALL pieces of evidence that support their model) and explain how these pieces of evidence support their model.  


Have students give at least five reasons in their answer.  Direct students to use the back of the page if they run out of space.  Tell students that they know what they are thinking but you do not, so it is very important to explain their answer to someone who might have a different idea.  “For example, you might think that one model fits the evidence better, but your friend thinks that the other model fits the evidence better and just doesn’t get why you have your position. You have to explain your ideas so clearly that your friend will understand.  And so I will, when I read your arguments.  So explain each of your reasons that clearly.”


(#23 follow-up).  Class discussion. Ask some students to share their ideas. Draw out the idea of changing the instructions models to include proteins, if students don’t bring this idea out themselves. Encourage them to notice that the evidence indicated that proteins were made by the nucleus, so they should think about how to include this in their models.  You could write a “consensus” model on the board.   


(#24) CLASS DISCUSSION.  Hold a class discussion to revise the current class list of criteria for good models.  Tell students to think about the models they developed in chloroplast, as well as the revised model from nucleus.  Students should expand the current list and fine tune what is currently on it. Students should discuss specifics from their models (as examples) during this discussion.  This discussion may have to go into Day 5, depending on how far you get through Day 4.       SUGGESTIONS FOR THIS DISCUSSION APPEAR ON THE NEXT PAGE.




















MC CONDITION ONLY: 


DISCUSSION TO REVISE CRITERIA. 


In this discussion, encourage students to make any changes they see fit to the criteria.  They may suggest adding criteria, deleting criteria, or improving the wording of criteria.  Give them time to make these suggestions, and check what other students think before making changes.  Make sure students give reasons for their proposed changes. 


At this point, please work toward including two or three of the criteria below. These criteria are related to evidence and are probably more specific than the “the model fits the evidence” criterion that students are likely to have come up with in their initial discussion. 


1. First, push toward a criterion like:  It fits all the evidence.  (or as much of the evidence as possible, or almost all of the evidence, or the most evidence, or something like that.)


	Ask students if it’s OK if a model just fits one or two 


2. Second, push toward a criterion like: It fits all the good evidence.  


	Many students, we hope, will have picked the instructions model, even though Evidence #4 contradicts the instructions model. Ask why they picked it, even though it didn’t fit Evidence #4. They are likely to say something like, “Evidence #4 is not good evidence—it’s just someone’s opinion.”  Then ask, “Then does a model need to fit ALL the evidence, or only some kinds of evidence.”  Nudge them toward the idea that it needs to fit the good evidence. It doesn’t have to fit the bad evidence.


3. Third, push toward a criterion like:  It fits all the details of the evidence.


	“The original version of the instructions model (the version that said nothing about protein) fits the evidence pretty well. But the glowing cats evidence and the last evidence about diabetes shows that proteins are involved. Do you think that is a problem?”  Hopefully some students will say that there was information in the evidence that wasn’t in the model, so the model needs to change. The model needs to fit all the details of the evidence.


	Once this criterion is established, you can start emphasizing that models need to fit all the details/information of the evidence, so you really have to very close attention to the evidence. 








 
































Day 4 – Model Revision


 


Individual writing. These questions will provide you with a summative picture of what students have learned about the function of the nucleus.  (We will discuss as a group at our next group meeting what to do with this.) 
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