PRACCIS Evolution Lesson 4 Teacher Packet
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5. You have already read Evidence 1. Next, in groups, complete Evidence 2 through 5 on
the computer. Make sure to answer all the questions n your pairs as you go through each
piece of evidence.

6. Ingroups, discuss this question and individually write your best answer: What do you
conclude from Evidence 37

7. In pairs, using the evidence you just read, make 3 model showing what is happeningto
the mountain sheep population. Use the large paper your teacher will give to you. Make
sure that others wil be able to understand your model.

8. Write individually: How good do you think your model is, and why do you think so?
Write at least 4 reasons.
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1.Introduction: Mountain sheep are foundin the Rocky
Mountains of the United States and Canada. The males
have large curved horns. Generally the sheep are found
in herds of many females and only one mature male. The
‘males compete for females to reproduce in the way
shownin the video you will see. Male sheep livefrom O to
12years.

Recently people have noticed a change inthe mountain
sheep population. Specifically, in comparison to the sheep of 25 years ago, the average size
of the male sheep's horns is smaller. Scientists know for certain that the sheep's hors do
not all off and the sheep do not lose and re-grow their horns. But something is happening
Sothat the sheep's horns are smaller than they were 25 years ago.

For more information on this, read Evidence 1 in pairs:

‘Evidence 1: How have mountain sheep changed in the Iast 25 years?

Ram Mountainin Alberta, Canada, is home to 2 population of mountain sheep.
Biologists from the University of Quebec have studied these mountain sheep for 25
years. They wanted to know ifthe population of mountain sheep was changing,
Eachyear for 25 years, they captured 95% of the sheep population in June and
‘measured each sheep's hom size. Each sheep was tagged with a colored plastic ear
tag. Mostsheep were firsttagged at the age of 1, when they were still notadlts.
‘When adults were captured, their age was determined by counting the number of
rings on their horns, because sheep add one ring every year.

Over25 years of collecting data on the sheep, the biologists found that the average
homn size of malesheep in the population became 25% to 30% smaller. For
‘example, 4year-old male sheep in 1980 had an average horn size of 27 inches, but.
“-year-old male sheep in 2005 had an average hom size of 10 inches. Sheep at
every age from 1 year old o 12 years old showed an average decrease inhorn size
from 1980 to 2005.

2.In pairs, ask each other two questions each to make sure you both understand the
important points of Evidence 1.

3. Discuss withyour group how good this piece of evidenceis (0, 1,or 2). Be sure to listen
%o what everyone in your group thinks and to discuss each person’s ideas.

4.In this lesson, youwill develop amodel to explain why the size of the male sheep’s horns
is smallertoday than 25 years ago. You will use 3 pieces of evidenceto develop yourmodel.
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9. In groups, explain your models to each other. Then discuss:
. How well does each of your models fit your classs eriteria for good models?
. Are there changes you could make to make your models fit the eriteria eyen.
better?

10. Next you will discuss some of the models in class.

11, Use red ink to make changesin your model based on the dlass discussion.

12. Your teacher will present you with a model (Model A) thatis trying to explain whatis
happeningto the population of sheep. Individually, answer this question:

How good is this model? Write your best reason.

13. Now you will discuss Model & as adlass.

14, Next your teacher will presentyou with 3 more models that are also trying to explain
what is happeningto the population of sheep.

15. Discuss with your group: Which model do you think s best? Then complete an arrows
diagram for the evidence and the 3 models.

4. In groups discuss each evidenge and which rating and which arrows are best.
‘ask each other questions gve lts of reasons; listen o and think bout esch
person's idess.

5. After iscussing sach svidence, individually write your rating and arrows on the
diagram.

Before you begin, what questions should you be asking each other as you think about the
arrows and the evidence goodness ratings? Be sure to ask each other these questions.
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5. You have already read Evidence 1. Next, in groups, complete Evidence 2 through 5 on
the computer. Make sure to answer all the questions n your pairs as you go through each
piece of evidence.

6. Ingroups, discuss this question and individually write your best answer: What do you
conclude from Evidence 37

7. In pairs, using the evidence you just read, make 3 model showing what is happeningto
the mountain sheep population. Use the large paper your teacher will give to you. Make
sure that others wil be able to understand your model.

8. Write individually: How good do you think your model is, and why do you think so?
Write at least 4 reasons.
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16. Discuss in your pairs:
‘A Which model is best, based on the evidence? Provide reasons during your
giscussion.
. How well does the better model fit your class's criteria for good models? Discuss

s many eriteria as you can.
C. Whatnew criteria would you add to your class’s ist? Are there any criteria that

should be changed?

17. Now, individually, circle which model you thinkis best:
Model B ModelC Model D

‘Write an argumentto support the model you chose. Write to someone who may not agree
with you. Use your argumentation rubric to help you write your argument.







Lesson 4 – Mountain Sheep Day 1





Objectives: Students will be able to:


1.  Develop models that show the change in variation of a species over time.  This model includes the initial variation of the species, the selection pressure, generations and offspring, and the final variation of the species.  





Assessment: Initial Models (Formative), Evidence 1-5 (Formative), Class discussions (Formative)





Materials: 


PowerPoint: PRACCIS Evolution Lesson 4 Slides


PowerPoint: PRACCIS Evolution Lesson 4 Evidence 2-5  


Word Doc:  PRACCIS Evolution Lesson 4 Student Packet


Word Doc:  PRACCIS Evolution Lesson 4 Teacher Packet


Word Doc: PRACCIS Student Model Summary Sheet


Word Doc: PRACCIS Student Evidence Summary Sheet





Do now:  Why is variation important?





Procedure: Detailed procedures below. 





Closure: Ask students to summarize the conclusions of evidence 2-5.





Modifications: Planned by the teacher as it fits the needs of their particular students.





Lesson 4 – Mountain Sheep





Unit: Evolution





Main Idea: Students will develop a model for why the horns of mountain sheep have become smaller over the past 25 years.   





Standards: NJCCS (2009)


5.3 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 arise 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.





Strands:


5.3.E Evolution and Diversity: Sometimes, differences between organisms of the same kind provide advantages for surviving and reproducing in different environments.  These selective differences may lead to dramatic changes in characteristics of organisms in a population over extremely long periods of time.  





CPI:


5.1.8.A.3 Use scientific principles and models to frame and synthesize scientific arguments and pose theories. Predictions and explanations are revised based on systematic observations, accurate measurements, and structured data/evidence. 


5.1.8.B.3 Use qualitative and quantitative evidence to develop evidence-based arguments. Carefully collected evidence is used to construct and defend arguments. 


5.1.8.D.1 Engage in multiple forms of discussion in order to process, make sense of, and learn from others’ ideas, observations, and experiences. Science involves practicing productive social interactions with peers, such as partner talk, whole-group discussions, and small-group work. 


5.3.8.D.3 Distinguish between inherited and acquired traits/characteristics. Traits such as eye color in hum beings or fruit/flower colore in plants are inherited.


5.3.6.D.2 Explain how knowledge of inherited variations within and between generations. Variation exits among organisms of the same generation (e.g, siblings) and of different generations (e.g., parent to offspring).





Lesson Timeline: 2 Days


Day 1:  Introduction and Evidence


Day 2:  Students develop models, arrows diagram 





Lesson 4:  Day 1 





1. Introduction:  Introduce the topic of the lesson Slide 1.  Connect lesson back to introduction PowerPoint from Lesson 1.  The introduction is spit up by paragraphs  on Slides 2 and 4.  Have students read out loud the two-paragraph introduction of mountain sheep.  After students read the first paragraph show them the video on Slide 3.  This video shows two male sheep ramming their horns together.  From the reading students notice that the mountain sheep population has changed.  The horns on the male sheep are much smaller than they were 30 years ago.  Tell students that they will develop a model for why this change occurred.  They will do this by reading 5 pieces of evidence.  Students then read evidence 1 to learn more information about why this change happened to the sheep population.  This introduction should take around 5 minutes.  





Have students in pairs read evidence #1 (Slide 5). Give students 3-4 minutes to read this evidence.  This is a scientific study that shows that over the course of 25 years the horn size of the male sheep has decreased about 25-30%.  Also, that sheep of all ages showed this decrease in horn size, not just adult sheep.  





NOTE: If students wonder why there seem to be many more rings on the horns than the maximum usual age of 12 years, it is that those ripples they see in the picture are not actually the rings. The rings are lines where the horns stop growing over the winter and then restart; you can’t actually see the rings in any of our pictures.





2.  Pair Work: Once pairs finish reading over evidence #1, they should ask each other two questions each to make sure they understood what happened in the evidence.  This would be a good time to remind students of the types of questions they should be asking each other.  This is presented on Slide 6.





3.  Evidence #1 Rating:  Pairs should form groups with another pair to discuss how good this piece of evidence is.  Remind students that everyone in the group should share their opinion and that the group should then discuss each group member’s ideas. A short class discussion on how good this piece of evidence is should then take place.  This is a good piece of evidence and students should rate it high. This is presented on Slide 6. 





4. Model:  Remind students that the goal of this lesson is to develop a model that explains why the size of the horns of the male sheep are getting smaller over time (Slide 7).  Students will use 5 pieces of evidence to help them develop an initial model.  Remind students that they should pay close attention to what they are learning about variation from the evidence they are about to read.  Also, remind students about the current class’s criteria list.





      





Day 1 Continued:





5.  Evidence 2-5: In groups students will read over evidences 2-5 on the computer.  Instructions are on Slide 8.  The first screen of the PowerPoint lists the 4 pieces of evidence students will look at.  Tell students that they need to click on each piece of evidence.  During each piece of evidence groups are asked 1-2 questions that focus on content understanding of the evidence.  As you walk around the room (or monitor from the side of the room), make sure students are answering these questions.  The questions for most of the pieces of evidence are similar to the question asked in Evidence 1:  Have everyone in the group ask 1 question to make sure everyone in the group understands what happened in this piece of evidence.  Give students about 15-20 minutes to complete these 4 pieces of evidence.  All of the evidence is relatively short (a total of 8 slides on the PowerPoint).  A summary of each piece of evidence is listed below.  





Evidence 2:  Horn Growth – Study done by the Colorado Division of Wildlife to determine the changes of horn growth during the last 8 years.  Data shows that male sheep varied in how much their horns grew each year.  However, every male sheep’s horns got bigger each year. This evidence rules out incorrect Lamarckian explanations (Model A later in the lesson) that the individual sheep adapt by shrinking their horns.





Evidence 3:  Trophy Hunting – Survey that showed hunters hunt for the largest sheep horns. Male horns are hunted for at the age of 5. The age in which a male sheep is killed by hunters for their horns ranges from 5-7 years old. Also, male sheep produce the most offspring when they are 7-9 years of age. This evidence shows that hunters are the selection pressure and that rams that were killed can’t reproduce. Of course, we do not expect or intend for students to use terms such as “selection pressure” until Lesson 7. Please avoid using any new technical terms until then.





Evidence 4:  Offspring – Scientists studied 370 sheep and found that on average male sheep with big horns produced offspring with bigger horns.  Male sheep with small horns produced on average offspring with smaller horns.  This evidence shows that horn size is heritable, which is important for models. It also emphasizes that there is variation in offspring horn size, which is also important in the models. 





Evidence 5:  Hunter’s Blog – Anecdotal evidence.  A hunter blogs about a hunting trip with his friends.  They had no luck finding any sheep with big horns.  He does show a picture of what the horns on the sheep looked like when he first started hunting in 1986 and a current picture of what the horns look like now in 2011.  This is accurate information, but it is poor evidence, being anecdotal with a small sample. 





Please do not hold class discussions about the evidence. Allow students to work out what the evidence means and how to interpret it. Please also allow groups to tackle the evidence on their own, without teacher direction on what the evidence means. 





6.  Group Work:  Groups discuss Evidence 3 and then individually students write down the best conclusion for Evidence 3.  This is displayed on Slide 8.  


  


Closure:  Ask students to summarize the conclusions of the 4 pieces of evidence.  








Lesson 4 – Mountain Sheep Day 2





Objectives: Students will be able to:


1.  Develop models that show the change in variation of a species over time.  This model includes the initial variation of the species, the selection pressure, generations and offspring, and the final variation of the species.  





Assessment: Models (Formative), Arrow Diagrams (Formative), Class discussions (Formative)





Materials: 


PowerPoint: PRACCIS Evolution Lesson 4 Slides


PowerPoint: PRACCIS Evolution Lesson 4 Evidence 2-5  


Word Doc:  PRACCIS Evolution Lesson 4 Student Packet


Word Doc:  PRACCIS Evolution Lesson 4 Teacher Packet


Word Doc: PRACCIS Student Model Summary Sheet


Word Doc: PRACCIS Student Evidence Summary Sheet





Do now: Write down one conclusion from any 1 piece of evidence.  





Procedure: Detailed procedures below. 





Closure: Ask students to share their arguments for which model they think is better. 





Modifications: Planned by the teacher as it fits the needs of their particular students.





Lesson 4 – Mountain Sheep





Unit: Evolution





Main Idea: Students will develop a model for why the horns of mountain sheep have become smaller over the past 25 years.   





Standards: NJCCS (2009)


5.3 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 arise 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.





Strands:


5.3.E Evolution and Diversity: Sometimes, differences between organisms of the same kind provide advantages for surviving and reproducing in different environments.  These selective differences may lead to dramatic changes in characteristics of organisms in a population over extremely long periods of time.  





CPI:


5.1.8.A.3 Use scientific principles and models to frame and synthesize scientific arguments and pose theories. Predictions and explanations are revised based on systematic observations, accurate measurements, and structured data/evidence. 


5.1.8.B.3 Use qualitative and quantitative evidence to develop evidence-based arguments. Carefully collected evidence is used to construct and defend arguments. 


5.1.8.D.1 Engage in multiple forms of discussion in order to process, make sense of, and learn from others’ ideas, observations, and experiences. Science involves practicing productive social interactions with peers, such as partner talk, whole-group discussions, and small-group work. 


5.3.8.D.3 Distinguish between inherited and acquired traits/characteristics. Traits such as eye color in hum beings or fruit/flower colore in plants are inherited.


5.3.6.D.2 Explain how knowledge of inherited variations within and between generations. Variation exits among organisms of the same generation (e.g, siblings) and of different generations (e.g., parent to offspring).





Lesson Timeline: 2 Days


Day 1:  Introduction and Evidence


Day 2:  Students develop models, arrows diagram 





Day 2:  Models





7.  Using Evidence 1-5 to develop models: Before class, hand out the Evidence Summary Sheet and a piece of 11 x 17 paper for each of the pairs in the class.  Students will develop a model to explain all the evidence on this large piece of paper. 





Before students start working on their models, have them review the Evidence Summary Sheet.  Briefly ask students if they have any questions about any of the 5 pieces of evidence.  Answer questions of fact briefly. And correct clear factual misunderstandings (e.g., if they say that it’s impossible to find the sheep to study them, tell them that they use methods for capturing such as putting salt blocks in corrals to attract the sheep in the spring, when they are deficient in salt and so are strongly attracted to the salt blocks).  But, at this time, avoid indicating or hinting to them how they should interpret or evaluate the evidence. 





Pairs then develop a model that shows what is happening to the mountain sheep population.  Give the students at least 10 minutes to develop their initial models.  





8.  Individual Work: Once pairs complete their initial models, they then write why they think their model is a good model.  Students should write 4 reasons why their model is a good model.  Inform students that they will be asked to share these 4 reasons later on during a class discussion.    























Day 2 Continued:  





9.  Group Work:  (Slide 10) Have pairs form groups to share and discuss their models.  


Students discuss how well their models fit their class’s criteria for good models and then shift the discussion to any changes they would make to their models to make them better.  Here it is important that the models incorporate the findings from each of the 5 pieces of evidence.  





10.  Class Discussion: (Slide 10) Select a few pairs to come up and share their models with the rest of the class. Focus your discussion around the class’s criteria for good evidence. Ask students which models fit the evidence best. Allow students to be “in control” of this discussion. The teacher’s role in this discussion is to facilitate students’ talking, and to get them to respond to each others’ ideas, rather than to insert ideas.  





11.  Model Revision:  (Slide 10) Have pairs then make changes to their initial models based on the classroom discussion.  Make sure changes are made using a red pen!!





12.  Model A:  Introduce Model A on Slide 11.  Read the model as a class.  Do not discuss the model just yet.  Have students answer question #12 in their packet.  How good is this model?  Write your best reason.  Students should be able to work out most of their ideas on their own.  





13.  Class Discussion: Once students answer this question, discuss why this is a bad model in a short 3 minute class discussion.  Encourage students to generate all the key ideas on their own, and make suggestions only if they do not succeed. 





Model A is a model that shows individual horns getting smaller.  This is a Lamarckian model in which survival and reproduction, inheritance, and populations play no role. This model is strongly contradicted by Evidence 2. Evidence 2 informs students that every sheep’s horns increased in size over time. 





14.  Introduce Models B, C, and D:  Read each of the models as a class.  Make sure students understand each model, but do not do any evaluation of the models at this time, and do not have students say anything evaluative about the models. Be careful not to give away which models are better/worse by your tone of voice or anything you say.   Students will discuss the models in groups using the arrows diagram in the next step. 


Model B: (Slide 12) Shows an initial variation in horn size at the beginning.  Then hunters (selection pressure) kill the sheep with large horns. Lastly, only males left have smaller horns.  





Model C: (Slide 13) This model shows initial variations within the population, the selection pressure of the hunters, population changes after generations, and variation in that population.  Circles with numbers are used to represent the sheep and the size of the horn length instead of drawing out the sheep with various size horns.


   








Model D: (Slide 14) This model shows generational changes and inherited traits, but it does not show variation or the specific selection pressure (hunters). 





15.  Arrows Diagram.  (Slide 15) Students will complete an arrows diagram using all 5 pieces of evidence and Models B, C, and D.  Before students start filling in the arrows diagram, discuss with students the types of questions they should be asking each other as they think about the arrow and rating they will write down. 





Although we have put the relationships between the evidence and the models below, please do not provide any feedback or information to students about these relationships at this point in the lesson. You will be able to help students modify their ideas, if needed, in the class discussion after they write their essays. 





Evidence 1:  High Rating (2).  Supports Models C and D.  Partly supports Model B (because Model B shows changes in the ram population).  But it also partly contradicts Model B because the sheep’s life span is too short for Model B’s mechanism to explain 25 years of changes.  





Evidence 2:  High Rating (2).  Supports Model B, C, and D. All 3 models are consistent with the horn growing and not shinking.  If students find that the evidence is irrelevant, that is probably a reasonable interpretation, too, because none of the models really emphasize the year to year growth in horns.  This evidence is crucial for ruling out Model A, already discussed.





Evidence 3:  High Rating (1-2).  Supports Model B and C because both models show sheep being killed and thus not bearing offspring.  Contradicts Model D; or at least, Model D fails to explain this evidence and needs to be changed to account for it, because Model D fails to include anything about hunters doing the killing.





Evidence 4:  High Rating (1-2).  Fully supports Model C. Contradicts Model B (because Model B does not have inheritance as a process).  Partly supports Model D (because Model D—like Model C—has sheep with bigger horns producing offspring with bigger horns, and sheep with smaller horns producing offspring with smaller horns).  However, it also partly contradicts Model D, because there is no variation in horn size in Model D, and Evidence 4 emphasizes that horns vary in size. 





Evidence 5:  Low Rating (0).  Anecdotal Evidence should be ignored. Students might say it supports Model B and C, and contradicts D.   It is in fact consistent with actual scientific studies, but, by itself, it’s just one person’s impressions supported by a single photo in each of two different years. 





You will not discuss the evidence or models as a class until after students complete the essay in Question 17.





16.  Pair Work:  (Slide 16) In pairs students discuss:





Which model is better based on the evidence?  Provide reasons for your discussion.  Then they will discuss how well the better model fits the class criteria for good models.  Have students discuss as many criteria as they can.  Then have groups think about revising class criteria lists (the adding or removing of criteria).  








17.  Individual Work: (Slide 16) Students circle which model they think is the best one (Model B, C, or D).  Then students write an argument to support the model they chose.  This is the same question students answered during lesson 7 and lesson 8 of genetics.  Students should use the argumentation rubric they developed to help build their argument.  Tell students how good they have gotten about writing down their arguments.  Express any things students still need to work on.  








Closure:  Class Discussion. Do not have a discussion about which model is better until students finish writing down their initial ideas. (Slide 17) Discuss which model is best as a class, after students have finished.  See Page #9 of TE for further information on classroom discussion.  





Close the discussion by having students tell you how to change the best model (by the end of the discussion, they should think this is Model C) to make it even better. 











Classroom Discussion: Notes for Class Discussion after Students’ Essay (#17)





Basic Procedure:


Central Questions:  Which model is best?


Ask for a show of hands to find out which students support which model B, C, or D.


Discuss the central question:  Give students as much control over the discussion as possible.  


Ask for a final show of hands.


Find out if anyone changed their minds as a result of the discussion; express support for those who change their minds in response to the evidence and arguments. 





Central questions and subquestions. Here are some suggestions for leading the discussion.





Central Question:  Which model is better?





	Possible Subquestions for “mini-argumentation” on issues that need to be explored in order to answer the Central Question:


		Does Evidence 4 support or contradict Model B (or C or D)?


		What is the relationship between Evidence 2 and Model B (or C or D)?


		How good is Evidence 5? 


		What are the advantages and disadvantages of how they show the individual sheep in Model C? 





	Encourage students to express their positions and arguments for their positions.


	Encourage students to give reasons for their ideas and respond directly to each other’s ideas.  





	Example Questions:





		What do you think of John’s argument?


		Does any one agree/disagree with what Sue said?


		Does anyone disagree that Evidence 2 is good evidence?


		Does anyone have a counterargument?


		Prutha, your group had a counterargument to Steve’s argument.  Could you share that with us?


		Does anyone have any reasons to agree (disagree) with Beth?


		





If students fail to notice the problems with Models B and D:  


	1. First try to get students to notice and explain these problems (that is, where they are inconsistent with the evidence.)  


	2. Then, if none of the students articulate the arguments on their own, direct students to the aspects of the evidence that contradict the models. For example, point students to the fact that the sheep live just 12 years at the most, which means that the model MUST have more than one generation of sheep in it. 


	3. Similarly, if students do not notice that statements about variation, direct their attention to the statements about variation in Evidence 4.  This evidence shows that there should be more variation in the horn sizes of the sheep. 








How good is Evidence 1 (2, 3, 4, or 5)


Which model does Evidence 1 (2, 3, 4, or 5) support?





If the students are mostly supporting the correct model, play the devil’s advocate if it will help to get them to engage in argumentation about one or more of the models.  
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