Student Handouts – Activity One

What is a Scientific Argument?
To introduce the topic of scientific argumentation, we’ll watch a video and talk about a few questions including, “what is a scientific question?” and “what is a scientific argument?” Let’s start by considering a few terms… 

Scientific question: A scientific question is a question that can be addressed through scientific investigation. In order for a question to be scientific, it isn’t necessary for science to be able to answer it with exact precision (uncertainty can often be managed, but not eliminated in scientific investigations), but it must be possible to use scientific methods to study the question. Consider a few examples…
Example scientific question – How much carbon from fossil fuel combustion did the United States emit into the atmosphere in 2011?

Example non-scientific question – Should the United States pass a law requiring all passenger cars to average at least 40 miles per gallon of gas consumption?

Scientific argument: In science, we use scientific arguments to answer scientific questions. Scientific arguments include: 

A claim - A statement that answers a scientific question

Evidence - Scientific data that supports a claim

Reasoning - An explanation that supports a claim by providing the underlying scientific concept that connects the evidence to the claim

Socioscientific issue: A socioscientific issue is an issue that confronts society that includes both scientific questions and non-scientific questions to be considered and addressed. For example, in order to deal with the socioscientific issue of climate change, people will need to answer both scientific questions about how and why climate change occurs, and non-scientific questions concerning what we should do about climate change. In order to decide what to do about a socioscientific issue, people can consider science, but they can also consider other things such as the economy, laws, justice, liberty, culture, etc.
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. You can use the video transcript on page 3 to help remember what was said.
1. What scientific question is addressed in the video?
2. What scientific argument did Dr. von Mutius (and the narrator) make?

a. What was her claim?

b. What was her evidence?

c. What was her reasoning?

3. What socioscientific issue (that is, issue that involves both social and scientific aspects) is this scientific argument relevant to?

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?

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

Hygiene Hypothesis Video Transcript

Narrator: Are we making our world too clean?  Consider the research of Pediatrician Erika von Mutius.  She treats allergies and asthma, conditions in which the immune system overreacts to harmless substances.  Rates of both disorders are on the rise in affluent, industrialized regions.  Perhaps children are growing up in surroundings too germ free for their own good.

von Mutius: Microbes do a lot of harmful things to us, but they may also be important for our immune system to learn how to deal with the environment and how to tolerate and fight viruses, bacteria, and infections.
Narrator: To understand the causes of allergies and asthma, von Mutius is conducting research in a place where these conditions are rare, the Bavarian countryside.  She wants to sort out exactly which environmental factors may be protecting children who grew up here.

von Mutius: The study we are doing is a comparison within little villages.  So we compare children who live on the farm to children in the same village who do not live on the farm.  
Narrator: She has enlisted over 800 families with children between the ages of 6 and 12 to participate in a detailed survey of health and lifestyle.
von Mutius: In this questionnaire we asked for allergic conditions and then most importantly we asked for the contact to farm animals and farming activities.

Narrator: Her goal is to create a profile of environmental exposures for each child.  Her team analyzes dust samples from carpet and bedding throughout the house for the presence of animal hair, dust mites, and microorganisms.  If the family keeps livestock, samples from the stables are screen for microbes released in the shedding and droppings of animals.  The study is in progress but preliminary results suggest one very strong correlation. 

von Mutius: One of the factors that seems to be important is contact with the livestock.  That these children, the more they are in the stables and the earlier they are in the stables, that this gives a protection against the development of allergies.

Narrator: High levels of microorganisms in the stables may help prime a child’s immune system for life.

von Mutius: Microbes have been around us always and probably we need to find the balance between eradicating the harmful effect of bacteria and maybe also taking the beneficial components of this.  But this is really into the future.

What’s The Argument Here?
Read the article(s) provided and complete the table below to consider the arguments in the articles. Then, with your group, discuss and refine your answers. Be prepared to share your ideas with the class.
	Titles of Articles You Read (use as many lines as you need):
1.

2.

3.

4. 

	What socioscientific issue do the articles address?



	What scientific question do the articles address?

	SCIENTIFIC ARGUMENT ONE
What is one scientific argument made in the articles? (Complete Claim, Evidence, Reasoning below)

	In which article(s) was this argument made? (You can list the numbers corresponding to titles at the top of this table):

	What is the scientific claim? 

(Hint: A scientific claim is an answer to the scientific question.)

	

	What scientific evidence is provided?

(Hint: Scientific evidence is data and observations that support the claim)

	

	What reasoning supports the claim? 
(Hint: Reasoning describes how an underlying scientific concept connects the evidence to the claim. The reasoning could be in the article, or you may have to use your background knowledge about science to develop the reasoning.)
	

	SCIENTIFIC ARGUMENT TWO

What is another scientific argument made in the articles? (Complete Claim, Evidence, Reasoning below)

	In which article(s) was this argument made? (You can list the numbers corresponding to titles at the top of this table):

	What is the scientific claim? 

(Hint: A scientific claim is an answer to the scientific question.)


	

	What scientific evidence is provided?

(Hint: Scientific evidence is data and observations that support the claim)


	

	What reasoning supports the claim? 

(Hint: Reasoning describes how an underlying scientific concept connects the evidence to the claim. The reasoning could be in the article, or you may have to use your background knowledge about science to develop the reasoning.)
	


What Makes for a Strong or Weak Scientific Argument?
How can you tell whether a scientific argument is strong or weak? Discuss with you group and list criteria (factors) below that you can think of that you would use to judge the strength or weakness of a scientific argument.
Criteria (Factors) for Evaluating the How Strong or Weak a Scientific Argument Is

Evaluating Arguments in the Articles
In your group, consider the scientific arguments you identified. Complete a table below for each scientific argument you identified. Which criteria (factors) can you comment about for each argument? For each criterion that is relevant to an argument, indicate whether the scientific argument is strong or weak for that criterion and explain why.
Scientific Argument One
	Restate the claim for this argument:



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

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

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Scientific Argument Two
	Restate the claim for this argument:



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

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

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Now that you’ve evaluated a few arguments related to this socioscientific issue, stop to think about your own opinion about what’s going on. Write down your own personal ideas about the questions below. Then discuss with your group/class.

What is your opinion about what should be done about this issue and why?

	


Is there anything that you could do to impact this issue? What are some things you could do and how might they impact the issue?

	


How Do Scientists Evaluate Arguments?
Some Criteria (Factors) Scientists Use to Evaluate Scientific Arguments
· Is there scientific evidence to support the claim?

· Is the sample size for collecting data sufficient (in other words, is the sample big enough)?
· Were appropriate measures used in collecting data (in other words, did scientists measure the right variables to answer the scientific question)?

· Was the data collection procedure for gathering evidence rigorous and careful?

· Have the results been replicated (has similar evidence found in multiple separate instances)?

· Have multiple scientists found similar results?

· Is there an underlying scientific concept that links the evidence to the claim?

· Is there consensus (agreement) among scientists about the argument?

· Have the results been published in a peer reviewed, reputable publication?

· Did someone who might have a bias fund or carry out this work (for example, was the work paid for a company that has an interest in getting certain results)?

Discuss with your group and write down your ideas about the following questions:
1. Why do you think the criteria on the list above are important to scientists?
2. Are there some factors on the list we developed as a class that are the same as or similar to criteria on the scientists’ list? If yes, which ones from the class list are similar to which ones from the scientists’ list?

3. Considering the scientists’ list, are there any changes you would make to your evaluation of the strengths and weaknesses of the arguments provided by the stakeholders in the articles? Using different color ink, make any additions or changes to your original lists of strengths and weaknesses for the arguments. 
4. Now that you’ve considered how scientists might evaluate the scientific arguments in this issue, has your opinion about what should be done about the issue changed at all?                                (Circle one)   YES    NO

If you circled yes, describe how your opinion has changed and why.

If you circled no, describe why your opinion didn’t change.

Scientific Arguments --- Do They Only Matter In Science Class?
1. What are some socioscientific issues that you know about and/or that are important to you? 

2. For one issue you’ve identified, what are some scientific questions that investigating could help people understand the issue better?
3. Can answers to scientific questions provide us with all the information we need to make a good decision about what to do about a socioscientific issue? Why or why not? 
4. If not, what other information would be needed?
5. Is there generally a right and wrong answer to what should be done about a socioscientific issue? Why or why not?
6. If two people had the same exact information available to them about a socioscientific issue, could they make different decisions with both being considered informed decisions? Why or why not? 
7. Can all scientific questions be answered with 100% certainty? If not, can investigating these questions still help us to understand issues better, or is science only useful if it provides definite answers?

8. Has this set of activities changed the way you’ll consider scientific arguments in the future? If yes, how will what you do be different from what you’ve done before? 
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