Teachers’ notes - Is this a valid argument?
[bookmark: _GoBack]Background
Through working on the problems in this resource, students should develop a clear understanding of the difference between some form of association/correlation and causation.
They should be able to recognise and explain some of the reasons for incorrectly assuming causation, and identify where further information is required before a decision can be reached.
Discussing the validity of the claims
When discussing these claims it is suggested that you try to use questioning to draw out possible reasons why they may not be valid.  For instance
· There are two factors which occur at the same time which are unrelated. (1 could be an example of this)
· There are two factors which occur at the same time which are unrelated except that they share the same cause. (3, is a  good examples of this)
· One event happens immediately after an earlier event resulting in causation being falsely inferred. (2, 8 and possibly 6, depending on how you view the timings)
· Time may be an underlying factor which each of the other factors are related  to (see the first example below)
· Complex cases with many factors where isolating a single factor as a cause is not possible (5, 9, 10)
· Other examples may have aspects of each of the above.
In the concluding discussion it is important to emphasise the difference between an association and a causal relationship and how it is wrong to assume that an association implies a causal relationship. This can be further justified by referring to some of the common mistakes detailed above. The link http://tvtropes.org/pmwiki/pmwiki.php/Main/FalseCause has some further details and provided inspiration for some of the examples along with the site http://www.buzzfeed.com/kjh2110/the-10-most-bizarre-correlations and http://www.businessweek.com/magazine/correlation-or-causation-12012011-gfx.html .
NOTE - The students’ sheet appears at the end of this document.
In some of the cases the students will quickly be able to reach a decision. However, items 5, 8, 9, 10 are more complex real life examples which have generated media attention. 

Objectives
Students should develop the ability to 
· Evaluate assumptions made in public statements such as news reports and political comments.
· Recognise or formulate a problem related to one that they have already worked on.
· Recognise ways in which statistics are misused and be aware of common misconceptions.
· Understand that correlation/association does not imply causation.
· Understand the importance of randomised controlled trials when trying to establish causation.



Getting Started
Show the students the graph below or use the example from http://www.buzzfeed.com/kjh2110/the-10-most-bizarre-correlations ; it is number 4 from the 10 shown.
Tell the students you would like them to take a careful look at the diagram and answer three questions.
· What is the author suggesting?
· What evidence is used to justify this claim? 
· Does this appear to be a valid argument? 


Data obtained from the Organic Trade Association Survey 2011 Organic Industry Survey link. US Department of Education Office for Special Education Program, Data Analysis System, OMB # 1820-0043 “Children With Disabilities Receiving Special Education Under Part B of the Individuals With Disabilities Education Act link.

Some possible answers
1. What is the author suggesting? From the title the implication would appear to be that organic food may be the cause of the increase in the number of cases of autism in the USA. 
2. What evidence is used to justify this claim? Although the graph is intended as a joke, the author tries to make the argument more convincing by using official reports by a trade association and the US government. 
3. Does this appear to be a valid argument? The graph only shows that both variables increase in a similar way over the time period. It offers no scientific explanation of why this may happen, so no.

At this point you may wish to use the website http://www.abc.net.au/science/articles/2013/04/29/3740590.htm 
This gives several examples of graphs where there is scientific evidence to explain the links illustrated towards the bottom of the webpage. 
Once you are satisfied that the students understand the difference between a chance association, such as between organic food and autism, and the examples from  http://www.abc.net.au/science/articles/2013/04/29/3740590.htm, such as smoking and cancer or CO2 and global warming, where there is scientific evidence which offers an explanation of a causation, you can move on to the next phase.
Explain that chance associations are sometimes mistaken for evidence of causation which can lead to poor decisions being taken by individuals, companies, and governments.
The aim of the next section is to explore how some of these misunderstandings occur so that the students are able to identify the causes and avoid making the same kind of mistake. 
Explain that the answers in some cases are obvious, whilst in other examples the situation is much more complex and there is some evidence indicating a possible causal link.
Further Problems
Using the examples    
It is not necessary for students to complete all of the questions, and you may wish to select from the sheet prior to the lesson which of the early questions and which of the later (more contentious) examples you wish to use. There are also some questions such as Q9 which looks at the possible progression from marijuana to hard drugs which you may not feel comfortable discussing.
You may choose to give the students some of the questions which have not been used in class to consider on their own.

Give the selected questions to the students and ask them to work individually to sort them into two groups. One group which they are sure are not valid arguments and the other which they think could be valid but would require further information to be sure. Point out that for the first group they should be able to offer some explanation as to why they believe the argument is flawed, and for the second they should be able to suggest what further information would be needed and why.
Allow the students a short time to work on the task then stop the class. It is not necessary for them to tackle every one of the selected questions at this stage. Ask the students with a partner and compare their sorting decisions with the aim of producing two groups which they both agree on. 
Suggest they pick an example and discuss their opinions about the reasons for the claims. Explain that the sheet has been set up with space below the question to allow them to make brief notes or bullet points. They should circle their decision.
Point out that the brief notes or bullet points they make will help them when they are asked to explain their decision in the follow up discussion. 


As the students are working take some time to look at the decisions which the students are making with a view to using these to generate discussion later.
Try to select at least one of each of the following situations
· Most students are sure it does not use a valid argument
· Most students think it could be a valid argument
· Opinion is divided

During this discussion aim to draw out some of the common causes of false assumptions being made. 
Below are some possible responses you may observe or wish to discuss with students for each of the situations they have thought about. Preferably, this can be done through using your observations and asking the students to share their thinking.
1. This season, every time Jim has worn his blue scarf his team has won. His friend says thatto ensure a win in the next game he should wear the blue scarf. Would you support his friend’s reasoning?

You could start the discussion by asking for a show of hands or asking someone whether they answered yes/no and why?

The students may be able to offer some of their own or other peoples’ superstitions.
Some students may be able to identify with lucky charms for examinations, or performers and sports stars having routines which have nothing to do with warming up before an event. Torvill & Dean is a link to a clip about Christopher Dean talking about the way in which he always placed his and Jayne Torvill’s skating guards in a specific way before they skated. 

For the students that answer NO, try to probe why they are not convinced.

Possibly it is because there is no understandable link between what the supporters wear and the team’s performance, other than a possible psychological one of the ‘lucky mascot’ type.
 
Some possible questions

· Why don’t you support the friend’s reasoning?
· What makes you doubt the friend’s reasoning?
· Would you be convinced if he didn’t wear the blue scarf and the team lost the next game?
· Why?
·  Do you believe that wearing a blue scarf is the cause of the team winning?

This could be an example of two unrelated events happening at the same time and therefore being connected without any plausible cause. The likelihood is that at some point the winning will end; if this coincides with blue scarf being in the wash, the link will seem to be stronger. 





2. After an isolated shark attack the mayor decides to fund a massive off-shore shark net scheme. The mayor claims that the absence of shark attacks after the nets are in place proves that shark nets work and the policy was worth funding. Are the mayor’s claims valid?

There are actually two claims here:
 
Firstly, that the nets are working. The logic being applied here is that since the nets have been in place there have been no shark attacks so the nets are working.

Secondly, that the policy is worth funding  (see later).


Working on the first claim

Try to find someone who has answered NO and ask them to explain why.

· What makes you doubt the mayor’s claim?
· Do you believe that the shark nets are the cause of there being no shark attacks?
· How long would you have to wait before you were convinced they were working? If you removed the shark nets do you think there would suddenly be a shark attack?


Hopefully some of the points below will be mentioned.

If the shark attack is ‘isolated’ then it is fair to conclude that is a rare event. The likelihood is that it would be sometime, perhaps many years, before another one would have happened and so it is difficult to assess the effect of installing the shark nets. It would be interesting to ask how you could test this assumption. Hopefully the response would include ‘obtain data on the frequency of shark attacks’.

This illustrates another common mistake; that of assuming one event causes another which happens directly after without having any supporting evidence of a link. The shark attacks may have stopped, but this may be due to the fact they are rare and another would not have taken place yet regardless of the installation of the nets.

Consider the second claim that ‘the policy was worth funding’.

Even if the nets did stop a further attack they might not be worth the funding; for instance if shark attacks were rare and the money was taken from expenditure to protect people from higher risks  –  for example, building cycle lanes to separate cyclists from heavy traffic.   

Environmentalists may point out that the nets could cause considerable problems for other sea creatures such as dolphins and turtles and, in the long term, result in more damage to the resort and ecosystem; this damage (with its funding implications) might not be justified if the shark attacks were rare.

You could ask some questions to examine these points.

· If, prior to the current attack, the last recorded shark attack was three years ago would you consider the policy to have been worth funding? You could suggest a price of £100 000 for the policy. Further follow up questions could be added to establish at what price the nets would be considered value for money.

· Some people claim that sharks control the population of other fish that feed on coral and other creatures. Why may environmentalists claim shark nets are a bad idea?

·  Do you think hotel owners would be in favour of the policy? Why?

· Can you think of some other people who may be in favour of the policy and why? 
 
3. A newspaper reporter discovers that as ice cream sales increase so do the number of drownings. The reporter claims that banning ice cream would reduce the number of drownings. Do you agree?


Ask for a show of hands for whether students agree or disagree.

Followed by asking whether anyone can suggest a reason why the association occurs.

The fact that both factors increase in hot weather is the most likely cause.

Emphasise the difference between an observed association, and an actual cause.
	
4. Some islanders noticed that whenever they were sick they didn't have lice whereas they did have lice whenever they were healthy. They concluded that having lice makes you healthy and everyone should have them. Are their conclusions reasonable?

Ask for a show of hands for each option.

Followed by:

· Can anyone explain why the islanders reached this conclusion

· What mistake have they made?

A more likely explanation is that as people become ill the lice move on to other, healthier, hosts; this leads to ill islanders having no lice and healthy ones having them. Again, emphasise the difference between an observed association, and an actual cause.


5. A politician claims that violent video games cause or encourage violent behaviour in real life because people tend to copy what they see in the games. To reduce violent behaviour the games should be banned. Would you support the politician’s claim? 

There have been several newspaper reports on this and similar concerns.

http://www.cbsnews.com/8301-204_162-57569948/violent-video-games-and-mass-violence-a-complex-link/

http://www.dailymail.co.uk/news/article-2214346/Violent-video-games-make-teens-aggressive-girls-affected-boys.html

This is quite a contentious matter and here are some suggested points for discussion. 

The YES vote may highlight some high profile cases such as the massacre in Norway and other such events being linked. This could lead to an interesting discussion on what is often referred to as information “availability” by psychologists. This refers to the way in which one piece of evidence seems to have more influence because of its notoriety or how prominent it is in the person’s thoughts.

As suggested in the links above there is some research evidence to support this, but this is true for the no vote also. 

Students may also indicate similar campaigns linking exposure to violent images and violence. 

DVD: http://www.dailymail.co.uk/news/article-1211089/The-case-young-attackers-chilling-echoes-James-Bulger-sadists.html

Comic books : http://art-bin.com/art/awertham.html


The NO vote may counter with the point that other considerations such as: gun ownership; magazines; extreme political views, an interest in historical battles and warfare; media coverage of such events leading to a desire for celebrity type status; may all be strongly associated with the personal profile of such attackers. To single out computer games rather than some other item in this list is not justified.

It could also be noted that there are many more people who play these games and don’t become violent than play them and do. It may be that some people are already predisposed to violence and they would still become violent from a different trigger. 

It is most likely that the final position of your groups will be that the evidence is inconclusive. This is an example of a situation where there are multiple complex factors all with different degrees of influence. A simple answer is not possible.


6. In a newspaper article, it is claimed that playing slow numbers in nightclubs could lead to increased alcoholism. This claim was based on the observation that alcohol consumption in bars increased at the times when bands were playing slow numbers. Is the claim justified?

It would be interesting to ask the students if they can suggest any reasons for this observation.

· Does hearing slow music make you want a drink? 
· Would playing fewer slow numbers make people in the bar drink less because they are too busy dancing? 

A likely explanation is that people stop dancing and go to the bar when the slow numbers are being played, perhaps because they prefer fast numbers, perhaps because dancing to fast numbers makes them hot or… ?. 

The original observation is about when alcohol was consumed, not about how much was consumed during the time spent at the club. Also, there is a presumption that the increased consumption means an increase in alcoholism. More information is required before the claim could be said to be reasonable.

This is an example where there is not enough information to judge the claim and so it cannot
be upheld. There may be a causal connection between the speed of the numbers and the 
amount of  alcohol consumed (but not necessarily alcoholism). 

7. “Brushing your teeth reduces risk of dementia, research reveals” is a headline from a national newspaper 


The report says:  

“Porphyromonas gingivalis was discovered in the tissue of 10 dementia sufferers.
The bug triggers a response in the brain that destroys neurons and brings on symptoms such as memory loss and confusion, the University of Central Lancashire found.
It follows another study that revealed those who brushed once a day were up to 65% more likely to develop dementia than those who brushed three times a day, especially women. Gum disease has also been implicated in heart disease and diabetes.”
http://www.mirror.co.uk/lifestyle/health/brushing-your-teeth-reduces-risk-2102986#ixzz36IwNYFGm 

Are you convinced by the report?



http://www.nhs.uk/news/2013/07july/pages/little-proof-gum-disease-causes-alzheimers.aspx

The link above gives a more detailed appraisal of the research. 
The story reports on a study involving 20 people, 10 with Alzheimer’s disease and 10 without, carried out by researchers from the University of Central Lancashire, the University of Florida, and the Barts and The London School of Medicine and Dentistry. The bacteria was found in 4 out 10 of the brains of the Alzheimer’s suffers whist none was found in other group.

Here are the conclusions.
“This laboratory study showed that gum disease bacteria lipopolysaccharides were found in the brain tissue of 4 out of 10 recently deceased people diagnosed with Alzheimer's, and 0 out of 10 people without the condition.
This provides some, very limited, evidence to support the theory that in some people with Alzheimer's, the bacteria responsible for gum disease may be playing a role in the disease.
However, given the limited number of people involved, the difference may have arisen by chance and may not be generalisable to most people with Alzheimer's. For instance, if more people were recruited to the study, some gum disease bacteria might have been found in the control group, which would lessen the differences between the groups.
A similar study involving a greater number of people in both groups is needed to confirm this study's results. This would help better establish how many people with Alzheimer's have signs of gum disease-related bacteria in their brain tissue. This research suggests that a minority (4 out of 10) showed signs of the bacteria, so the majority may not be affected by this.
A further limitation is that the researchers were unable to study whether the presence of the gum disease bacterial lipopolysaccharides in the brain tissue actually caused an inflammatory response that contributed to Alzheimer’s disease, as speculated. This wasn't possible using the frozen tissue samples from recently deceased individuals.
Given these limitations, this study does not show that "brushing your teeth reduces [the] risk of dementia" or that "gum disease can lead to dementia", as the media headlines report. This is an exaggeration and simplification of the research involved.
However, the research does highlight that there is plenty more to be understood about the causes of Alzheimer's and the potential role gum disease bacteria and inflammation plays in this process.”


8.A patient with a long term illness has tried a number of conventional medical treatments and eventually turns to herbal remedies and New Age alternative health treatments. After a few months the symptoms feel less severe. The patient begins to recommend the treatments to others. Should the recommendation be taken seriously?

· What is the difference between a medical doctor and the treatments they use and New Age or herbal practitioner and their treatments?

The level of qualifications, regulations, clinical trials and research-based evidence.  Some students may suggest that alternative practitioners give more time to patients.

· Which system would the evidence suggest to trust the most?

Probably the case for conventional medicine would be the strongest.

· How can the patient’s experience be explained?

The patient’s perception that their condition has improved may be the “placebo” effect. Also, some chronically ill people go through phases where their symptoms are less severe. The fact that a period of the symptoms being less severe followed use of alternative medicine does not imply causation.
Sometimes there is some underlying scientific cause for a herbal treatment to work. 


9Typically, it is noted that out of a sample of hard drug users, over 95% of them started out using marijuana Does this indicate that introducing more severe punishment for possession of marijuana would reduce heavy drug use by 95%?

This is a similar example to 5. The reasons why people become addicted to drugs are many and complex.

The yes vote, would point to the evidence of the pathway from marijuana to heavy drugs. 

The no vote, could suggest that:
These people may be predisposed to addiction.
Poverty, boredom, and social and cultural factors have a greater influence. 
Marijuana is already banned in this country (see next page) and still there are drug problems in some areas.

 
The maximum penalties for drug possession, supply (dealing) and production depend on what type or ‘class’ the drug is. 
	Class
	Drug
	Possession
	Supply and production

	A
	Crack cocaine, cocaine, ecstasy (MDMA), heroin,LSD, magic mushrooms, methadone, methamphetamine (crystal meth)
	Up to 7 years in prison, an unlimited fine or both
	Up to life in prison, an unlimited fine or both

	B
	Amphetamines, barbiturates, cannabis, codeine, ketamine, methylphenidate (Ritalin), synthetic cannabinoids, synthetic cathinones (eg mephedrone, methoxetamine)
	Up to 5 years in prison, an unlimited fine or both
	Up to 14 years in prison, an unlimited fine or both

	C
	Anabolic steroids, benzodiazepines (diazepam), gamma hydroxybutyrate (GHB), gamma-butyrolactone (GBL), piperazines (BZP), khat
	Up to 2 years in prison, an unlimited fine or both (except anabolic steroids - it’s not an offence to possess them for personal use)
	Up to 14 years in prison, an unlimited fine or both

	Temporary class drugs*
	NBOMe and Benzofuran compounds
	None, but police can take away  a suspected temporary class drug
	Up to 14 years in prison, an unlimited fine or both



From https://www.gov.uk/penalties-drug-possession-dealing (accessed 7 July 2014) 

Would the heavy drug use be reduced by making punishment for marijuana more severe? Possibly, 

Would it be reduced by 95%?  Not sure but very unlikely to be by as much as this.





10 A recent study has shown that the students who make the most progress in school generally have the highest attendance. It is suggested that to improve results further the school should focus on improving attendance. 

Here is a BBC news clip about Stewart and Natasha Sutherland, from Telford, Shropshire, who were fined for taking their children out of school for a holiday. School Holidays. This can be used to spark a debate about how far the students would be prepared to support the cause of improving school attendance

Do you think that improving overall school attendance will lead to an improvement in the overall school results?

There are some suggested arguments that students may suggest below.

Yes because :

Learning takes place in school so more time in school equates to more learning and consequently more progress.
Although there are many factors which influence progress, getting students into school is the trigger for these to take effect.

No because :
Attendance alone is not sufficient, there must be a willingness to learn.
People forced to attend may misbehave and reduce the learning opportunities of others.
Time and resources may be diverted away from the students with good attendance resulting in them making less progress.

As with the video games and drugs statements, good attendance is only one factor; attitude, commitment and other productive factors may have a much greater influence but these have not been investigated because they are more difficult to quantify.

Another example of a complex situation with many causes.

Summary
In the concluding discussion it is important to emphasise the difference between an association and a causal relationship and how it is wrong to assume that an association implies a causal relationship. This can be further justified by referring to some of the common mistakes detailed below. 
· There are two factors which occur at the same time which are unrelated. (1 could be an example of this)
· There are two factors which occur at the same time which are unrelated except that they share the same cause. (3, is a  good examples of this)
· One event happens immediately after an earlier event resulting in causation being falsely inferred. (2, 8 and possibly 6, depending on how you view the timings)
· Time may be an underlying factor which each of the other factors are related  to (see the first example)
· Complex cases with many factors where isolating a single factor as a cause is not possible (5, 9, 10)
· Other examples may have aspects of each of the above.

Extension
As a possible private study students could be asked to prepare a short presentation about the controversies about the use of MMR or other vaccines.  
A google search of “Jenny McCarthy autism” has some information. Jenny McCarthy has campaigned against vaccination after her son was diagnosed with autism. Please be aware that some searches will reveal that she was a Playboy model before she became a TV presenter, author and campaigner.
























Student Sheet - Is this a Valid Argument?

Examine the diagram above and then discuss the questions below.
1. What is the author suggesting?
2. What evidence is used to justify this claim? 
3. Does this appear to be a valid argument? 




Data obtained from the Organic Trade Association Survey 2011 Organic Industry Survey link. US Department of Education Office for Special Education Program, Data Analysis System, OMB # 1820-0043 “Children With Disabilities Receiving Special Education Under Part B of the Individuals with Disabilities Education Act link.



Below are 10 statements each with a question which can be answered yes or no. Consider each statement make some jottings in the space provided to indicate your reasons then decide on your answer.
1. This season, every time Jim has worn his blue scarf his team has won. His friend says  that to ensure a win in the next game he should wear the blue scarf. Would you support his friend’s reasoning?





Decision     Yes / No	

2. After an isolated shark attack the mayor decides to fund a massive off-shore shark net scheme. The mayor claims that the lack of sharks after the nets are in place proves that shark nets work and the policy was worth funding. Are the mayor’s claims valid?





Decision     Yes / No


3. A newspaper reporter discovers that as ice cream sales increase so do the number of drownings. The reporter claims that banning ice cream would reduce the number of drownings. Do you agree?






Decision     Yes / No


4. Some islanders noticed that whenever they were sick they didn't have lice whereas they did have lice whenever they were healthy. They concluded that having lice makes you healthy and everyone should have them. Are their conclusions reasonable?





Decision     Yes / No


5. A politician claims that violent video games cause or encourage violent behaviour in real life because people tend to copy what they see in the games. To reduce violent behaviour the games should be banned. Would you support the politician’s claim? 








Decision     Yes / No



6. In a newspaper article, it is claimed that playing slow numbers in nightclubs could lead to increased alcoholism. This claim was based on the observation that alcohol consumption in bars increased at the times when bands were playing slow numbers. Is the claim justified?






Decision     Yes / No


7. “Brushing your teeth reduces risk of dementia, research reveals” is a headline from a national newspaper 
The report says:  

“Porphyromonas gingivalis was discovered in the tissue of 10 dementia sufferers. The bug triggers a response in the brain that destroys neurons and brings on symptoms such as memory loss and confusion, the University of Central Lancashire found.
It follows another study that revealed those who brushed once a day were up to 65% more likely to develop dementia than those who brushed three times a day, especially women. Gum disease has also been implicated in heart disease and diabetes.”
http://www.mirror.co.uk/lifestyle/health/brushing-your-teeth-reduces-risk-2102986#ixzz36IwNYFGm 

Are you convinced by the report?



Decision     Yes / No


8. A patient with a long term illness has tried a number of conventional medical treatments and eventually turns to herbal remedies and New Age alternative health treatments. After a few months the symptoms feel less severe. The patient begins to recommend the treatments to others. Should the recommendation be taken seriously?







Decision     Yes / No




9. Typically, it is noted that out of a sample of heavy drug users, over 95% of them started out using marijuana (or alcohol). Does this indicate that banning marijuana and alcohol would reduce heavy drug use by 95%?







Decision     Yes / No




10. A recent study has shown that the students who make the most progress in school generally have the highest attendance. It is suggested that to improve results further the school should focus on improving attendance. Do you think that improving overall school attendance will lead to an improvement in the overall school results?







Decision     Yes / No
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