Let’s Get Into An Argument Mini-Unit 

Teacher Topic Guide – Atrazine
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Atrazine Overview

This activity centers on the question of whether atrazine, a commonly used herbicide, should be banned in the U.S.  More than 70 million pounds of it are used in the U.S. each year, mostly in the corn growing states of the Midwest.  Made by the Swiss company Syngenta, the chemical has been banned in Europe due to concerns of its prevalence in drinking water.  In the U.S., atrazine has been found in drinking water throughout the country, although specific levels are not disclosed to residents.  There are concerns about the chemical causing chemical castration and feminization in male amphibians, and there are potential links between the chemical and birth defects in humans.  A review article in January 2010 (Rohr and McCoy, published online at Environmental Health Perspectives) summarized the effects of atrazine on freshwater fish and amphibians and noted that the majority of studies found that atrazine exposure can delay metamorphosis, reduce immune function, and alter sex hormone concentrations.  This review article is not included for students but is freely available online for background reading.  

Let’s get into an argument Overview
Summary

In this three-day mini-unit, students will be introduced to scientific arguments as the way that we answer questions in science. Through reading about and discussing a socioscientific issue, they will learn that scientific arguments are useful in our day-to-day lives beyond the science classroom. Students will read arguments presented by stakeholders who represent different perspectives regarding a socioscientific issue. The students will come up with criteria they think are important for evaluating the arguments, and then the students will evaluate different arguments about the issue using their own criteria. Next, the class will be introduced to some criteria that the scientific community uses to evaluate scientific arguments. Through class discussion, arguments will be re-evaluated using several of the scientific criteria, and comparisons (similarities and differences) between science community criteria and students’ criteria will be discussed. Finally, students will consider how and why scientific arguments may be important beyond the science classroom, and the limitations of scientific arguments for helping us decide what to do about socioscientific issues.

Background/Rationale

This unit introduces the method of claims, evidence and reasoning (CER) as an evaluation of scientific arguments tool to use throughout the year with your students, drawing on multiple media sources that are available to you. A central goal of this unit is engaging students in evaluating scientific arguments from different sources (e.g., popular media, scientific articles). Evaluating other peoples’ scientific arguments is an important scientific practice that extends beyond the classroom --- students will need to evaluate scientific arguments that they encounter in their lives and need to make decisions about after they graduate from high school.  

We suggest starting with some of the articles included in this mini-unit and expanding your selection as the year continues. Practice does make better performance. Some articles included in this unit contain enough information to complete the CER format and have “good” science to back them up, others do not. This mix reflects the kinds of information students will likely encounter when they read about or research socioscientific issues in the popular press and online. So engage your students in a journey where they learn to think for themselves and make good judgments about socioscientific issues at hand.

Grade Level

· Middle through high school (depending on issue addressed, student readings, etc.)

Time/Scheduling

· At least three one-hour class periods. 

· An optional application lesson is provided as well. 

· Teachers may also choose to revisit practices introduced in this unit using different socioscientific issues over the course of the school year.

Learning Objectives

As a result of engaging in this lesson, students will:

· Understand that in science, we use scientific arguments to answer scientific questions. 

· Be able to distinguish between questions that can be addressed by science, and those that cannot.

· Understand that a scientific argument includes 

· A claim (a statement that answers a scientific question), 

· evidence (scientific data that supports a claim), 

· and reasoning (an explanation that supports a claim by providing a logical connection between the evidence and the claim). 

· Understand that in science, we use specific criteria such as replication, peer review, experimental control, multiple measures, etc. to evaluate scientific arguments.

· Be able to read multiple sources’ stances on a socioscientific issue and identify claims, evidence, and reasoning presented by each source.

· Be able to evaluate the credibility of different sources’ arguments through relying on at least one scientific criterion for judging an argument.

· Understand that science is just one lens for considering socioscientific issues, and that other lenses including personal values, economic values, social justice, etc. can also contribute to understanding and evaluating these issues.

Materials

· Teacher Guide

· Student Handouts for each student

· Ability to project online video from YouTube

· Copies of articles for students

List of Articles

1. Hart, John. 2010. Atrazine: Safe, Needed and Effective. Published online through the American Farm Bureau’s “Focus on Agriculture” weekly column. http://www.fb.org/index.php?action=newsroom.focus&year=2010&file=fo0517.html
2. Weed killer in the crosshairs: concerns prompt reexamination of atrazine's safety.  Science News.  This article is not available online except for subscribers.  This magazine is published bi-weekly and has been in circulation since 1922, publishing on all different parts of science.  

3. Ansari, Azadeh.  2010.  Weed Killer Castrates Male Frogs, Study Says.  CNN News Online.  http://articles.cnn.com/2010-03-01/tech/pesticide.study.frogs_1_atrazine-tyrone-b-hayes-male-frogs?_s=PM:TECH
4.  Atrazine provides efficient, cost-effective weed control.  By Purdue University News Service, July 1, 2010.  http://www.purdue.edu/newsroom/general/2010/100701JohnsonAtrazine.html 

5. Snow, Sara.  2010.  Green Eyes On:  Atrazine Higher in June – Watch Out Midwesterners!  Published online at www.TreeHugger.com , an environmental news source run by Discovery Communications (which also runs Animal Planet, Discovery Channel, etc).   http://www.treehugger.com/green-food/green-eyes-on-atrazine-higher-in-june-watch-out-midwesterners.html   

6. Cohen, Bonner.  2007.  Atrazine Ban Would Spell Disaster for Illinois Economy.  Published online at www.heartlander.com , which is an online news site run by the Heartland Institute, a conservative think tank devoted to free-market solutions.  http://news.heartland.org/newspaper-article/2007/05/01/atrazine-ban-would-spell-disaster-illinois-economy
	Article
	Focuses on the claim (s)….
	Evidence 
	Middle school?
	High school?  
	# pages

	1.Atrazine: Safe, Needed and Effective
	1. Atrazine is safe for people

2. Atrazine is good for the environment

3. Atrazine saves farmers money
	1.  No studies show cancer in humans

2.  Can be used in no-till farming practices

3.  Farmers would lose $2billion a year 
	Yes
	Yes
	1

	2.Weed killer in the crosshairs
	1. Atrazine is harmful to animals

2. Atrazine may be harmful to people
	1.   Atrazine causes  reproductive and developmental problems in amphibians

2.  Human babies that were conceived during times of chemical spraying had higher birth defects

2.    Atrazine has been found in drinking water above the 

EPA limit
	Maybe
	Yes
	3

	3.Weed Killer Castrates Male Frogs
	1.  Atrazine is harmful to animals

2. People are exposed to atrazine
	1.   Low levels of atrazine castrated 75% of male frogs

2.  Most streams and some groundwater samples tested positive for atrazine
	Yes
	Yes
	2

	4.Atrazine provides efficient, cost-effective weed control
	1. Atrazine saves farmers money 


	1.   Atrazine saves farmers $2billion a year by increasing yields


	Yes
	Yes
	1

	5. Green Eyes On:  Atrazine Higher in June
	1.  Atrazine is harmful to pregnant women
	1. More atrazine is sprayed during the corn growing months

1.  Frogs exposed to low levels of atrazine were ‘feminized’  

1.  More birth defects are occurring for women who conceive between April and July in Indiana
	Yes
	Yes
	1.5

	6. Atrazine Ban Would Spell Disaster for Illinois Economy
	1. Atrazine saves farmers money

2.  Atrazine is safe

3.  Atrazine is good for the environment
	1.  Illinois growers would lose between $161-577 million in the first year without atrazine.  

2.  Atrazine has been used for 50 years in the U.S.  

2.  The EPA has concluded that atrazine poses no harm

2.  Atrazine was found at levels below EPA limits in Illinois wells

3.  Banning atrazine would cause many environmental problems
	Yes
	Yes
	1


Teacher Notes 

1. The articles are designed to be used as a jigsaw reading, in which the class is divided up into groups based on the numbers of articles that you want your students to read.  If you are not using all of the articles, make sure that you select articles from “both sides” of the atrazine argument.  Articles 1, 4 and 6 are in support of atrazine, while 2, 3, and 5 are against it or at least are suggesting that there may be problems with the chemical. 

2. When teaching this unit, you are replacing Activity 1 from the main mini-unit with the modified version of Activity 1 included below in this document. There is a special video about atrazine that replaces the more general video in the main mini-unit document.

Atrazine Unit-  Activity One (About 45 minutes): Introduce Scientific Argumentation through Video Experience

1. Introduce the unit by telling students the class will be considering scientific arguments for the next few days. Ask students their ideas about what a scientific argument is and how scientific arguments are similar to and different from arguments that people have in their everyday lives. You may want to write students’ ideas on the board in two columns --- characteristics of scientific arguments and characteristics of everyday arguments.

2. Handout page one of the Let’s Get Into An Argument student pages. Students should read the page. After students have finished reading, ask if anyone has any comments or questions.
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3. To introduce the topic and pique students’ interest, begin with a class discussion to help students relate this topic to their own lives. You can use some of the following questions, or develop your own, to get students thinking about water pollution and agriculture…

a. Bring out a bottle of weed killer (or bug killer, whatever you might have available).  Pour a small amount into a glass, and then add some water.  Ask students:  Would you drink this water?  Why or why not?  

b. How many of you have helped, or seen, your parents use chemicals on your yards?

c. If you put a chemical on your lawn, and then you drink from your well, are you drinking those chemicals?  Why or why not?  

d. What about people who live near agriculture?  Are they drinking the chemicals that are sprayed on the crops?  

e. Do you think the chemicals in the water might impact living things?  Ecosystems?  

4. Provide students with the following details about atrazine.  Ask students to answer the questions that follow to check for understanding.  

Some facts about Atrazine:

· Atrazine is an herbicide commonly used in the United States (60 million pounds per year)

· Made by Syngenta, a Swiss company

· Banned in the European Union (because it was showing up in drinking water at more than 0.1ppb, its threshold for safety in the EU)

· US EPA allows levels of atrazine up to 3ppb (as an average over the course of a year)
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USGS study in 2006 found atrazine in 40% of groundwater and 75% of streams

Questions to check for understanding:  

a. How is corn related to water pollution?  

b. What percentage of streams were found to have
 atrazine in them by the USGS?  

c. In which states was over 50% of the population exposed
 to atrazine in drinking water?   

5. Next, tell students they will watch a video to provide a real world example to help think through the terms they’ve just read about. Show students the 15 minute video clip from the series Strange Days on Planet Earth: Troubled Waters.  The video is available on YouTube.  The first fifteen minutes document the research of Tyrone Hayes, who is investigating the impact of atrazine on the development and reproduction of frogs.  

6. At this point, students should be organized into small groups of about 3 to 4 students. Handout page 2 of the student pages and ask students to discuss and answer the questions in their small groups. 

7. After students have discussed and answered the questions in their small groups, lead a whole class discussion of the questions on the handout. Direct each question to a different group. After a group answers, ask the other groups if they agree or if they have anything they would change or add. By the end of this discussion, students should have an initial understanding of the introduced terms, including as related to the video they watched.
Example Responses to Video Questions for Teachers

Let’s watch a short video to provide a real world example we can consider. After watching the video, answer the questions below in your small group. 

1. What scientific question is addressed in the video?

Should atrazine be banned because of the problems it causes for amphibians and potentially people?  

2. What scientific argument did Dr. Hayes make?

a. What was his claim?

Frogs exposed to atrazine are femininzed.  

b. What was his evidence?

Hayes and his group conducted several experiments where they exposed male frogs to low levels of atrazine.  About 75% of these frogs had some sort of reproductive problem – either they had low sperm counts, or they were growing eggs inside their gonads.  

c. What was his reasoning?

Exposure to atrazine causes estrogen levels to increase, and decreases testosterone.  

3. What socioscientific issue or issues is this scientific argument relevant to?

Students’ responses will vary but they may have something like:

Since atrazine is present in a lot of drinking water and groundwater, we should be concerned about our own health.  

4. If you wanted to decide what ought to be done about the socioscientific issue you’ve identified, what other scientific questions in addition to the one in the video would you want to consider?

Students’ responses will vary but they include questions such as:

· How much atrazine causes a problem?  Is atrazine a problem for all fish, amphibians, and humans?  

· Could farmers reduce the amount of atrazine that they use and still be effective for their crops?  

· Does long-term exposure to atrazine have an impact?  

5. What non-scientific questions would you want to consider?

Students’ responses will vary but they include questions such as:

--What other ways could we be farming without using atrazine?  

-  How much money would farmers save if they didn’t use atrazine?  
Activity Two – What’s the argument here?  (About 60 minutes – begin on day one and finish on day two): Provide Several Alternative Scientific Arguments Addressing a Scientific Question and Ask Students to Develop Criteria and Use them to Evaluate Arguments

1. Ask students, “Are all scientific arguments good scientific arguments?” “How can you tell the difference between a good scientific argument and a not-so-good scientific argument?” After students share some ideas with the class, let students know that they’ll have the opportunity to explore these questions further through examining some different scientific arguments. 

2. With students in their small groups still, hand out to students the short articles that briefly provide several different arguments about a socioscientific issue (choose from options provided or choose your own articles). Also provide each student with the Activity Two student handout, “What’s the Argument Here?” The groups should read the articles and identify the socioscientific issue and scientific question that is being addressed. Students can then complete the rest of the table, describing several scientific arguments addressed in the articles. Depending on what you think is most appropriate for your students, you may choose to jigsaw the articles so that an individual student only has to focus on one article. If you’d like, take time for the groups to report out to check that students have identified appropriate elements of scientific arguments in the articles. Reporting out will be especially important if you follow a jigsaw format.

3. Next pass out to each student a copy of the Activity Two handout, “What Makes for a Strong or Weak Scientific Argument?” Ask the groups to think about what they think makes a scientific argument stronger or weaker. Each group should come up with a list. Groups can use the articles they have read to help as examples if they’d like. You may want to begin with a short whole group discussion to get students started. Eliciting and discussing an example may help students understand what is being asked of them.

4. After students make their list, they should apply their list to judge the strength of the different scientific arguments they described from the articles. (Give students the “Evaluating Arguments in the Articles” handout for this task. You will need to make enough copies of this handout so that students have one copy for each argument they evaluate --- probably two total.) When students have finished this task in a small group, lead a whole class discussion asking students to share out. First, generate a class list of factors students used to judge arguments. Ask students to discuss whether or not they agree with all of the factors on the list or not. Next, have groups share out ideas about strengths and weaknesses of the arguments (using the evaluation factors they generated). This handout also asks students to provide their own opinions about what should be done about the issue. After discussing the strengths and weaknesses of the arguments, you might also ask the students to discuss/share what they think should be done about the issue and why (and/or what they could do themselves about the issue).

Response Key for “What’s The Argument Here?” Handout (organized by article)
	Titles of Articles:

1.  Atrazine: Safe, Needed and Effective

2. Weed killer in the crosshairs
3. Weed Killer Castrates Male Frogs

4. Atrazine provides efficient, cost-effective weed control

5. Green Eyes On:  Atrazine Higher in June

6. Atrazine Ban Would Spell Disaster for Illinois Economy

	What socioscientific issue do the articles address?

Atrazine, a common chemical used to control weeds, is common in drinking water and groundwater.  Although it has been shown to cause development and reproductive harm to some organisms, farmers continue to use it because it is cheap and effective.  

	What scientific question do the articles address?

Is atrazine safe?  Does atrazine cause harm to amphibians?  Does it cause harm to people?  


Students can then complete the rest of the table, describing several scientific arguments addressed in the articles.  Example claims, evidence and reasoning are provided below.  

	Article
	Claim
	Evidence
	Reasoning

	Atrazine: Safe, Needed and Effective
	Atrazine is safe for people


	No studies show cancer in humans – a 12 year review said there was no harm to people from atrazine.  
	There are no studies that support the concern that atrazine is harmful for humans.  Studies that are done, such as on amphibians or rats, shouldn’t be used to indicate problems in humans.   

	
	Atrazine is good for the environment


	Atrazine is good for the environment because it can be used in no-till farming practices.  
	If you don’t have any weeds, you don’t have to till your fields.  Not tilling your fields helps preserve the soil – less of it washes away (erodes) and more carbon stays in the soil.  You can use half as much atrazine as other weed control chemicals.  

	
	Atrazine saves  farmers money
	Farmers would lose $2billion a year
	Using atrazine is cheaper than other weed control methods and chemicals.  

	Weed killer in the crosshairs
	Atrazine is harmful to animals


	Atrazine causes  reproductive and developmental problems in amphibians
	Atrazine is an endocrine disruptor, which has led to the feminization of male frogs and fish.   

	
	Atrazine may be harmful to people
	Human babies that were conceived during times of chemical spraying had higher birth defects
	A review study showed that babies conceived during the times of year when atrazine spraying was highest (April through June), were born with more birth defects than babies conceived during other months.  However, it is hard to separate atrazine from the many other chemicals that are sprayed during this time.    Although there are few human studies that support the claim that atrazine causes cancer or other health problems, there are a number of animal studies that have demonstrated problems with exposure to the chemical.   People are often exposed to the chemical without their knowledge, and sometimes the levels are very high, so it may be time for the EPA to regulate atrazine more carefully.  

	
	
	Atrazine has been found in drinking water above the EPA limit
	The EPA uses an annual average of 3ppb as its threshold for safety.  However, many spot checks found that the levels were much higher in some places at specific times.  It is hard for individuals to get information about water contamination.  

	Weed Killer Castrates Male Frogs
	Atrazine is harmful to animals
	Low levels of atrazine castrated 75% of male frogs
	Atrazine inhibits the production of testosterone and induces estrogen production, which has led to the feminization of male frogs and fish.   

	
	People are exposed to atrazine
	Most streams and some groundwater samples tested positive for atrazine
	The EPA uses an annual average of 3ppb as its threshold for safety.  However, many spot checks found that the levels were much higher in some places at specific times.  



	Atrazine provides efficient, cost-effective weed control
	Atrazine saves farmers money 


	Atrazine saves farmers $2billion a year by increasing yields
	If farmers couldn’t spray atrazine, they would lose a lot of their crops, or they might use other, more harmful chemicals instead.  

	Green Eyes On:  Atrazine Higher in June
	Atrazine is harmful to pregnant women
	More atrazine is sprayed during the corn growing months
	Based on a paper that reviewed the records of 30 million live births, babies conceived between April and July, the months when agricultural chemical use is at its peak, were born with more birth defects.  These chemicals, one of which is atrazine, maybe the cause of the birth defects.   

	
	
	More birth defects are occurring for women who conceive between April and July in Indiana
	

	Atrazine Ban Would Spell Disaster for Illinois Economy
	Atrazine saves farmers money
	Illinois growers would lose between $161-577 million in the first year without atrazine.  
	If farmers couldn’t spray atrazine, they would lose a lot of their crops, or they might use other, more harmful chemicals instead.  

	
	Atrazine is safe
	Atrazine has been used for 50 years in the U.S.  
	There are no studies that support the concern that atrazine is harmful for humans.  Studies that are done, such as on amphibians or rats, shouldn’t be used to indicate problems in humans.   

	
	
	The EPA has concluded that atrazine poses no harm
	

	
	
	Atrazine was found at levels below EPA limits in Illinois wells
	

	
	Atrazine is good for the environment
	Banning atrazine would cause many environmental problems
	Farmers will be forced to use other, more harmful chemicals instead.  Less corn would also result, meaning that we would rely more on foreign fossil fuels instead of homegrown ethanol from corn.  


Response Key for “Evaluating Arguments in the Articles” Handout

Scientific Argument One

	Restate the claim for this argument:

Atrazine is safe for people – article 1 


	Criterion (Factor)
	Strength (S), Neutral (N), or

Weakness (W)
	Explain why the scientific argument is strong or weak for each criterion you list.

	Is there scientific evidence to support the claim?  

	S

	This is a strong claim because there have been no studies to link humans and cancer.  


	Is the sample size big enough? 

	W
	No discussion in the article about the actual experiments.  

	Have multiple studies found the same thing?

	S
	The EPA review looked at over 6,000 articles.  


Scientific Argument Two

	Restate the claim for this argument:

Atrazine saves farmers money – article 1.  


	Criterion (Factor)
	Strength (S), Neutral (N), or

Weakness (W)
	Explain why the scientific argument is strong or weak for each criterion you list.

	Is there scientific evidence to support the claim?  


	W

	The article claims that it would cost $2billion dollars more for farmers to switch to another chemical, but it doesn’t say why.  



Scientific Argument Three
	Restate the claim for this argument:

Atrazine is harmful to animals – article 2.  



	Criterion (Factor)
	Strength (S), Neutral (N), or

Weakness (W)
	Explain why the scientific argument is strong or weak for each criterion you list.

	Is there scientific evidence to support the claim?  


	S


	Male frogs and fish were feminized through exposure to atrazine.  



	Have multiple studies found the same thing?
	S
	A review paper of 12 studies since the EPA last reviewed atrazine found that atrazine reduced immune function, altered rates of amphibian metamorphosis, and increases risk of infection in amphibians.  

	Is there consensus?  
	N
	There was one study funded by Syngenta that did not find the same thing – they found no harm to the frogs.  

	Have the results been published in a peer reviewed publication?
	S
	Yes, the review paper and the papers they reviewed were published in peer reviewed publications.  


	Restate the claim for this argument:

Atrazine may be harmful to humans – article 2.  



	Criterion (Factor)
	Strength (S), Neutral (N), or

Weakness (W)
	Explain why the scientific argument is strong or weak for each criterion you list.

	Is there scientific evidence to support the claim?  


	S

	Babies who were conceived in late spring and early summer had a higher rate of birth defects.  Atrazine is the most prevalent pesticide in drinking water, especially during the early growing season, leading scientists to suggest that there is a link.  

	Is there scientific evidence to support the claim?  


	S
	Atrazine is found often in drinking water in excess of the EPA’s 3ppb limit.  

	Is there consensus?  
	N
	EPA review scientists say that there is correlation, but not causation, based on this article.    

	Have the results been published in a peer reviewed publication?
	S
	Yes, the paper was published in peer reviewed publications.  


Activity Three (About 30 minutes):

Introduce Argument Evaluation Criteria Common to Scientific Communities
1. Optional Discussion: (Consider your students’ backgrounds and sophistication with practices of scientific communities. If you think your students will have some ideas – they don’t have to be perfect ideas –  about how scientists evaluate arguments and evidence, start with this optional discussion. If you think your students will have very few ideas about how scientists evaluate arguments, skip this optional discussion and move on to the continuation of the activity in the next paragraph.)  Working first in small groups, then discussing as a whole class, ask students how they think the list of factors they generated might be similar to or different from a list that a group of scientists might generate. Have the students generate a list of factors for evaluating the strength of arguments that they think a group of scientists might use. Students can work in small groups and report out, or you may decide to just discuss as a whole group.

2. Then pass out the handout for Activity Three, “How Do Scientists Evaluate Arguments?” Provide time for students to read through and make comments about or ask questions about the list of criteria scientists use to evaluate arguments. Then provide time for students to work on the questions in this handout in their small groups.

Note on use of scientific criteria with students: The goal here is not for students to have a perfect understanding of how scientists evaluate arguments. Rather, this mini-unit is intended as a first introduction to help students develop initial awareness of scientific criteria for evaluating arguments. For this reason, some of the scientists’ criteria are left intentionally a little vague. 

For instance the criterion about sample size only indicates that the sample size should be “big enough.” What is big enough? Scientists often determine sample size through use of statistical power analyses. These are probably beyond the scope of what you’ll address with your students (although with high school students, this is an appropriate place to tie in quantitative reasoning if you are feeling ambitious). For most students however, for the purposes of this mini-unit, it will be sufficient for students to rely on personal inferences about what is “big enough” for a sample size. Just knowing that sample size is important is the goal for this activity --- not actually being able to determine appropriate sample size through statistical means.

The intention is similar for other criteria on the list that may also seem a bit vague. Often, how scientific criteria are applied will depend on the specific scientific question being addressed. You can use the examples of the scientific questions and issues you investigate with your students to discuss what some of the different criteria mean in context – for example looking at the methods discussed in one of the articles to talk about what it means for data collection to be rigorous.
3. Next, use the small group/whole group discussion format to allow students a venue to discuss and share their ideas about the four questions on the handout page. Consider recording students’ ideas on whiteboard or Smart Board.

Activity Four (About 60 minutes):

Why Should We Care About Scientific Arguments?

The final activity engages students in a discussion of why scientific arguments might be important beyond science class. Students and teacher should discuss some of the questions in the activity four handout, “Scientific Arguments, Do They Only Matter in Science Class?” Students should discuss and write down ideas about the questions in their small groups first then discuss as a whole class. Consider using the socioscientific issue the students considered in the articles they read as a context to help discuss the questions, rather than discussing in vague terms. Students should also be welcomed to introduce examples of other socioscientific issues as well. You may want to get the class started with question one as a whole group to make sure students have some good examples to start thinking about.

Optional Application Activity

Have students investigate socioscientific issues of their choosing. Modify this application activity as appropriate for your class --- including deciding whether students will complete the assignment individually or in groups, how much in class time will be provided, etc. Some guidelines for what the students might be asked to do are provided below. 

1. Identify articles that represent different stakeholders and their arguments

2. Identify socioscientific issue, scientific question, and scientific argument (including claim, evidence, and reasoning)

3. Evaluate strengths and weaknesses of scientific arguments from different stakeholders using scientific community criteria

4. Indicate what student thinks should be done about issue and why. The student should describe what factors (which could include scientific, cultural, personal values, economic, etc.) contributed to their decision and how?

5. Students present their issues, evaluation of arguments, and opinions about what should be done about the issue and why to other students.

