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SUGGESTED LESSON OUTLINE: LESSON 2

Review individual solutions to Muddying the Waters (10 minutes)

Remind students of their work on the assessment task.
Recall the work you did in the last lesson on river pollution.
In this lesson you will build on that work.

Return the papers to the students. If you chose to write questions on the board rather than on
individual papers, display them now.

I read your papers and I've some questions about them.
I’d like you to work on improving your answers for a few minutes, using my questions.

Ask students to work on their own for a few minutes, answering your questions.

Interactive role-play introduction (10 minutes)

To introduce the lesson task, use a projector and slides P-3 to P-9 from the projector resource:
Exhibits 1, 2, 3,4; Scene 1: The assistant DA’s office; Scene 2: At the Factory. If you do not have a
projector, hand out the printed copies of these slides. You also need four copies of the role-play
script, A Case of Muddying The Waters (one copy for each actor and one copy for yourself.)

In the next section of this lesson you will be working on river pollution again.
The role-play sets the scene.

Ask the actors to read out the script. Advise them to talk slowly, and to pause at the end of each
sentence, as the script contains a lot of information. Encourage the students to listen carefully to the
facts being presented about the river pollution.

Collaborative small-group work (25 minutes) o
ase Notes

Once the students have acted out the scenes (and the Background iformation

Last year, a small dam was built across the river just upstream of the Riverside Center and the factory.

applause has dled down) turn tO the ClaSS and Say: The factory discharges a toxic chemical into the river.

Exhibit 1: Map of the Riverside Area

The case goes to court. The Assistant DA prosecutes
the Factory Owner for polluting the river.

What does ‘prosecution’ mean?

Your task now is to be the judges. You have to reach a
fair judgment about who wins the case. Judges otes

Organize students into groups of two or three. Provide

each small group with a copy of the worksheet Case

Environmental OfficerOs Evidence

Notes. Case Notes contains the map, information from the b : B char showing level of cheicalconcentaton i ver waer

script, and arguments made in court by the Environmental
Officer and the Factory Owner. “

Legal level for the
chemical is 8ng per cubic
meter of river water.

Help students to understand the task and its context.

Chemical concentration in river
waterin mg per cubic meter

Rl S+ sl

I’m giving you a copy of the arguments presented in

Year

court.

Read through the information carefully. Write notes on what you think the data and statistics
show.

In particular, ask them to focus on critical analysis of the information presented.
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Explain why you agree or disagree with the arguments people made, using math.

The important thing is to look critically at all of the information. Do not just accept what people
say as fact.

At the end of the lesson, you will use your work to decide together whether the factory owner is
guilty, or not guilty, of polluting the river.

These instructions are reproduced on slide P-8, Judge’s Instructions.

During small-group work you have two tasks, to notice strengths and weaknesses you see in students’
work, and to support their thinking.

Notice strengths and weaknesses in students’ work

Find out about students’ current levels of understanding and the difficulties they encounter in the task.
Students may be used to interpreting statistical diagrams, but may find it more difficult to critique
someone else’s biased reading of information. Students may fail to notice a bias in a question, or may
struggle to understand the issue of small sample size. You can use the information about common
difficulties to focus the whole-class discussion towards the end of the lesson.

Support student thinking

Try not to solve students’ difficulties for them. Instead, ask them questions to help them move their
thinking on.

You could strengthen your argument if you did some math on the data you’ve been given.
Is there another way to present this data?
Could you redraw that chart so it displays the important features of the data better?
Questions similar to those in the Common issues table on p. 3 were found to be useful in lesson trials.

For students who are struggling, it may help to ask some specific questions about aspects of the
mathematics:

Describe this chart.
Is there another way to present this data?

The Environmental Officer/Factory Owner drew this conclusion. Can you draw any different
conclusions from this evidence?

Encourage students to explain their reasoning to others in the group before writing it down. Other
group members may question and refine the explanations.

Whole-class discussion: reaching a judgment (10 minutes)

Organize a whole-class discussion, focusing on the mathematical practice of critiquing the reasoning
of others.

Choose a group to present their argument about one piece of evidence. Instruct the other groups to
listen and write down questions about the group’s argument.

Hani, does this evidence help the factory owner show he is not guilty? Tell us why you think that.

If you disagree with the group’s interpretation of the evidence, write why, and challenge them at
the end of their presentation.

Once the group has presented their case, other groups get a chance to challenge the details of their
argument. If the challenge is not based on mathematics, you can rule it out of court.

That is not a mathematical argument. As there is no good evidence, it can’t be accepted in court.
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Once you have modeled this process for students, give them responsibility for deciding whether there
is an evidential base for each claim and challenge.

Is that a mathematical argument? Is there good evidence for what [Shelley] has just said?
Does the evidence support her conclusion?

Once students have worked through the four pieces of evidence, ask them to come to a collective
decision about the verdict.

Do you find the factory owner guilty or not guilty?

If there is disagreement, take arguments from both sides. You may find you cannot reach a collective
decision. In that case, suggest students send the defendant for a retrial.

Whole-class discussion: Summing up (5 minutes)
Point out that an important message of this lesson is that it is easy to ‘get it wrong’ when interpreting
statistics, especially in complicated real-world situations. In reality, most of the ‘evidence’ in this
lesson is too vague to draw any firm scientific conclusions. A lot of questions are left unanswered.

How, exactly, were the wildlife surveys conducted? Why did the second survey look at so many
more fish than the first? How do you ‘count the number of invertebrates’ at a site?

The dam has reduced the flow of the river by 80%. Even without the pollution, is it possible that
this could affect the wildlife or the popularity of the Riverside Center?

Can you see any other problems with the data collection? With the statistics that have been
calculated?

If you think it is appropriate to the class, you could mention that if they study statistics further they
will learn how to calculate significance: the likelihood that a difference in two results is not just ‘the
luck of the draw’. Most serious scientific studies will do this, but you do not often find it in news
reports!

Next lesson: assessment task Unhappy Campers (15 minutes)
Ask students to do this task in the next lesson, or for homework.

Give each student a copy of the assessment task, Unhappy Campers. Explain that this task uses very
similar math to the lessons on river pollution, but in a new context.

Help students to read through the task sheet, and use questions to help them understand the context.
What is a wind turbine?
What are they used for?
What do decibels measure?

How loud is 50 decibels? 30 decibels? [0 decibels is the threshold for human hearing. A whisper
in a quiet library is about 25 decibels. Normal conversation at about five feet is around 60
decibels.]

Ask students to work on their own on the assessment task, bearing in mind what they have learned
during the previous lesson.

I want you to work on this task, using those same ideas about a fair, mathematical critique.
Remember not to believe all the arguments someone gives you using statistics.

After the assessment, you may find it useful to ask students to compare their responses to the first and
second assessment tasks, so they can see the progress they have made.
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SOLUTIONS

Assessment task: Muddying the Waters
Question 1.
Interpreting the scatter chart
* The water was tested on a monthly basis for 10 months and at the same time the number of
visitors to the Center was recorded.
* There is a negative correlation.
*  The number of visitors per month varies from 122 to 130. The range is 8 and the mean is 126.

* Chemical concentration varies from 1 to 14 mg per m’. The range is 13 mg per m’ and the mean
is 7.4 mg per m’.

Interpreting the pie chart

e Eighteen people are involved in the survey. 13 replied yes, 1 replied no and 4 were unsure.
Question 2.

The Riverside Manager’s argument is misleading in various ways.

* The scatter plot has a misleading scale. It gives the impression that correlated with a rise in

pollution there has been a massive drop in visitor numbers. In fact, there is a fall of only 8.
Overall the decrease is 6%.

* There is a negative correlation on the scatter chart. This may not be causal as there are many
other reasons why the visitor numbers fell, such as change in season. If the dam was reducing the
amount of water in the river, this might have made it less attractive to visitors. The survey was
over 10 months, not a year.

* The pie chart is based on a survey that uses a biased question: people may not have noticed a
smell until they were asked about it.

* The sample size for the pie chart is small. The results of the survey are unlikely to be a true
representation of all the visitors to the Center. Providing the number of people as well as the
percentages in each response category would be helpful.

Lesson task: Case Notes
The concentration of the chemical in the river has risen above the legal limit.
The bar chart is appropriate, and is clearly shows that three distinct tests have been carried out. The

concentration of the chemical in the river is now above the legal limit.

The levels were within the limit in the previous two years. The factory is discharging the same
amount of chemical, but the flow rate of the water has reduced, meaning that the concentration is
now above the legal limit.

Students may have calculated the concentration of the chemical in the water:

Last year:

E=3mg/m3.
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This year:
% =15mg/m’.

Arguing that the mean concentration is within the legal limit is a misuse of statistics, because the low
measurements in the first two years disguise the much higher figure in the last year:

143413 na/m’.

A more sympathetic judge might argue that there are not enough test sites to prove that the pollution
was not caused by another source: it might have been useful to test the water upstream of the factory,
to find out whether that water was polluted to start with.

There has been an increase in the number of diseased fish due to the rise in chemical pollution.

The survey is misleading because the sample sizes are different. Arguing that there are now ten times
more diseased fish is incorrect because it ignores the sample sizes. If students have calculated
proportions or percentages, they will get a better sense of the data than if they rely on numbers:

Two years ago:

i x 100 =2%
300
This year:

x 100 =4%
1600

Using this to argue that the number of diseased fish has doubled is still a misleading use of statistics:
finding slightly more or fewer diseased fish in either survey (due to weather, the way the fish were
caught, or just ‘the luck of the draw’) would make a big difference to the percentages.

The judge could argue that the survey is poor evidence because the sample sizes are too small to
detect a difference in such a small percentage of diseased fish. Or the judge might argue that there are
not enough survey sites to show whether being downstream of the factory makes a difference. The
reduced flow rate of the river might have affected the health of the fish regardless of the pollution.
Why did the second survey look at so many more fish than the first: were the fish harder to find the
first time?

The number of invertebrates has not changed.
There has been hardly any change in the mean number of invertebrates. Two years ago the mean
across four sites was 21, and now it is 19.

However, two years ago the range was 4. Now the range is 20. This is a big increase.

The sites most likely to have been affected by the pollution are A and B, downstream from the
factory. Two years ago the mean number of invertebrates at these sites was 21, now it is 12. This is
quite a large decrease. In contrast, the mean at sites C and D has increased.

Arguing that the mean number of invertebrates has hardly changed is a misuse of statistics: taking the
mean of all four sites (including two which would not have been affected by pollution from the
factory) hides the possibly significant reduction at the polluted sites.
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The number of birds has increased.

Using a line graph to represent this data is inappropriate because it gives the impression that the birds
were continually monitored. A bar chart with two bars would be more appropriate.

The scale on the line graph is misleading because it gives the impression that there has been a
dramatic increase in the number of birds. The data show that there has only been an increase of 6
birds (about 7%). This is insignificant, especially without more details of how the birds were counted
or at what time of year.

Arguing that the chart shows that the number of birds has increased dramatically in the last two years
is a misleading use of statistics.

Assessment task: Unhappy Campers
Question 1.

Interpreting the scatter chart:

* There are fourteen data points on the scatter chart; the survey took place over a two-week period.
There is a negative correlation.

* The number of visitors ranges from 70 to 78, a range of 8 with a mean average of 75. The noise
level ranges from 10 to 60 decibels, with a range of 50 decibels and a mean average of 35
decibels'.

Interpreting the pie chart:

* The number of campers surveyed was 50.

¢ 80% of the sample responded yes, 16% unsure, and 4% no.
* The numbers of respondents are 40, 8, and 2 respectively.
Question 2.

The camp manager’s argument is biased in several ways.
Her choice of math introduces bias:

e The scatter plot has a misleading scale. The scale on the ‘number of campers’ axis starts at 40
rather than 0. It gives the impression that correlated with the rise in noise level there has been a
large drop in visitor numbers. The number of campers only varies by 8 across the fourteen-day
period, decreasing by about 10% between the quietest and noisiest day.

* The survey statement and question is biased. Stating that the noise is ‘loud’ and assuming that the
respondent can hear the noise pushes the respondent towards a positive response; the use of
‘spoiling enjoyment’ in the question also introduces potential bias.

* The pie chart is based on a relatively small sample (50 campers). The survey took place on one
day. On only 2 days on the scatter chart were there 50 campers. Both days were particularly
noisy. Surveying only on a noisy day produces potential bias in the survey responses. It would
have been helpful to show the number of respondents, not just percentages, on the pie chart, to aid
interpretation of the results.

Her interpretations of her data and statistics are incorrect.

Peggy claims that the noise from the turbines has caused a drop in camper numbers. The correlation
between the noise level in decibels and the number of campers does not show there is a causal
relationship between the two variables. There may be other explanations of why the number of
campers and the noise level correlate. For example, the turbine noise increases with the wind level, so
you would expect fewer people to want to camp at noisy times, because it is windier then.
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Although most of the people surveyed did state that the wind turbines spoilt their enjoyment, the
questionnaire was biased, the sample was small, and the survey took place on a noisy day. As the
results of the survey are dubious, there is no evidence to support Peggy’s interpretation that most
people coming to the camp would agree with the results of the survey. She cannot generalize from a
small, biased sample, and she cannot rely on responses to a biased question.

'From the US Environmental Protection Agency website:

The document identifies a 24-hour exposure level of 70 decibels as the level of environmental noise
which will prevent any measurable hearing loss over a lifetime. Likewise, levels of 55 decibels
outdoors and 45 decibels indoors are identified as preventing activity interference and annoyance.
These levels of noise are considered those which will permit spoken conversation and other activities
such as sleeping, working and recreation, which are part of the daily human condition.

http://www.epa.gov/history/topics/noise/01.htm
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Muddying the Waters: Scatter Chart
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Scatter chart: Chemical concentration and number of visitors.
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Exhibit 1: Map of Riverside Area
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Scene 2: At the factory
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Exhibit 3

Bar chart showing level of chemical concentration in the river water.
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Judge’ s Instructions

You have to reach a fair judgment about who wins
the case.

¥Read through the information carefully.
¥\rite notes on what you think the data and
statistics show.

¥Explain why you agree or disagree with the
arguments, using math.

¥ ook critically at all of the information.
¥Do not just accept what people say as fact.

Projector Resources Interpreting Statistics: Muddying the Waters



Mathematics Assessment Project

CLASSROOM CHALLENGES

This lesson was designed and developed by the
Shell Center Team
at the
University of Nottingham
Malcolm Swan, Nichola Clarke, Clare Dawson, Sheila Evans
with
Hugh Burkhardt, Rita Crust, Andy Noyes, and Daniel Pead

It was refined on the basis of reports from teams of observers led by
David Foster, Mary Bouck, and Diane Schaefer
based on their observation of trials in US classrooms
along with comments from teachers and other users.

This project was conceived and directed for
MARS: Mathematics Assessment Resource Service
by
Alan Schoenfeld, Hugh Burkhardt, Daniel Pead, and Malcolm Swan
and based at the University of California, Berkeley

We are grateful to the many teachers, in the UK and the US, who trialed earlier versions
of these materials in their classrooms, to their students, and to
Judith Mills, Carol Hill, and Alvaro Villanueva who contributed to the design.

This development would not have been possible without the support of
Bill & Melinda Gates Foundation
We are particularly grateful to
Carina Wong, Melissa Chabran, and Jamie McKee

© 2012 MARS, Shell Center, University of Nottingham
This material may be reproduced and distributed, without modification, for non-commercial purposes,
under the Creative Commons License detailed at http://creativecommons.org/licenses/by-nc-nd/3.0/
All other rights reserved.
Please contact map.info@mathshell.org if this license does not meet your needs.



	Teacher Guide
	Introduction
	Suggested lesson outline: Lesson 1
	Suggested lesson outline: Lesson 2
	Solutions

	Student Materials
	Muddying the waters
	Role-Play scripts
	Case notes
	Unhappy campers

	Projector Resources
	Muddying the waters: Scatter chart
	Muddying the waters: Pie chart
	Exhibit 1: map of Riverside area
	Exhibit 2: Riverside manager's letter
	Scene 1: the Assistant DA's office
	Scene 2: at the factory
	Exhibit 3
	Judge's instructions
	Exhibit 4
	Exhibit 5
	Exhibit 6

	Credits

