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Statistics for Action
I. Introduction
In dealing with any environmental issue, at some
point you come face to face with data and statistics.
People are often tempted to bypass these—maybe
because numbers don’t seem that interesting, or
How often do people feel
because they seem hard to understand.
dizzy from the fumes?
But for environmental organizers, being able to
explain the numbers and concepts behind the
problem builds credibility. Statistics add power to
a story. For the members of a community group,
statistical data can play a key role in persuading
decision makers and neighbors.
Even adults who feel unsure about their math skills
can use data effectively. Once they have made sense
of the math, environmental group members can use
data to make a case that their homes and health are
at stake.
With the resources of Statistics for Action (SfA), you
can help community members become comfortable
with the relevant data. You can help them
• understand environmental reports and
regulations
• use data to support or refute a claim
• communicate data and statistics in a simple way

Confronting data in reports

Comparison to legal
and equipment limits

Can we test to
find out if it is
worse on the
west side?

How much can the
company afford to pay
for testing and cleanup?

We’re not only more likely to
remember the first number that we’ve
heard, but we’re likely to remember a
big round number.
Peter Andreas, Professor of Political
Science and International Studies

Numbers so big or
small they’re hard
to imagine

Different units
for measuring
© 2010 TERC • Statistics for Action
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It all happens in the context of your particular
environmental problem. The opportunities
to deepen everyone’s understanding of data,
measurement, probability, and financial questions
are right here, part and parcel of challenging claims,
making a case for testing, or reviewing test results.
The result? Everyone becomes a savvier, stronger
advocate.

claims and quantities in ways that honor community
group members’ needs and questions. How will you
get there from here?
1. Build your own understanding.
2. Build others’ understanding.
3. Use effective strategies to communicate
statistics to regulators, neighbors, and
elected leaders.

With SfA, environmental groups can use data that
make sense to the public in flyers, press releases
and everyday conversations. To use the Statistics for
Action Facilitators’ Manual no special background is
needed. You don’t need a textbook. You can take on

4. Use data to make and support
recommendations.

Build Understanding
Most people think doing math is an act of
memorizing a bunch of rules. Some of us did that
quite well, and some of us were turned off by that.
Being able to use math in environmental work takes
more than following a set of procedures. With SfA,
you build understanding through:
• using your imagination, calling on personal
benchmarks to imagine very large and very small
quantities
• making connections or comparisons to things
you are sure about
• paying attention to how things are related

1,000 packets
of sweetener

Keep in mind that most adults have their own ways
to do math. Even the simplest problem can be seen
from different perspectives. Just ask a room of people
to name something that weighs a kilogram.

2
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a pair of
work boots

a liter of
water
5 apples

A kilogram? That weighs as much as ...

© 2010 TERC • Statistics for Action
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Building Others’ Understanding
Build numeracy by modeling the Smart Moves. Encourage their use whenever the group delves into
the data.

Smart Moves
Take Control of the Math

Slow Down.
Believe you can
understand it better.

Play with different
ways to show it and
say it.

Use your senses.
Visualize it. Touch it.

Talk it out loud.
Learn from each other.

Compare it.
Connect to what you
already know.

Seek verification.
Think about how to
check yourself: consult a
peer, a calculator, or an
expert.

Use friendly
numbers.

© 2010 TERC • Statistics for Action is a project supported by the National Science Foundation under grant #0812954
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Use Effective Strategies to Communicate Data
Most people think math is a private act. Yet in
the realm of local politics and environmental
issues, math plays a very public role. Ignoring or
eliminating the math is not a good idea!

Testing found TCE 4000% higher than the legal
limit.
The state says 5 micrograms per liter is the legal
limit. We don’t have double that or triple that, we
have test results showing 40 times that amount.

Environmental groups can use numbers to tell a
story that is meaningful and credible. Steve Ross, a
former professor at Columbia University’s School
of Journalism says “... Ever since I’ve been in the
business, the editor will come down to you and say,
add a number, it builds credibility—got to have a
number in there” (from Prime Number http://www.
onthemedia.org/transcripts/2010/07/30/05).

If the legal limit were a measuring cup full of
TCE, what the tests found was like 2 and 1/2
gallon tubs of the stuff.

SfA activities offer ideas for exploring different ways
to compare conditions and make those comparisons
stick in people’s minds. When you work with
groups, take time to test out various ways to phrase
the numbers that are important to the story.
Then ask the group which is the most powerful way
to present a statistic: with percents such as a 200%
increase, a multiplicative comparison, as in triple
the amount, or with an analogy: enough to kill
1,000 rats.

Use Data to Make Recommendations
Community groups make the case for action. Often
their recommendations are based on a combination
of gut feelings, data analysis, experience, and
strategy. When decisions are based on data and can
be defended with careful reasoning, stories, and
explanations, the whole community can be better
informed and empowered with information.

Let’s get going.
We need action.

Hold on. We need a message
people will pay attention to—a
statistic and an analogy to go
with our story to make the whole
thing memorable.

For example, Alton Community Action members
live close to a former industrial site with
contaminated groundwater. They receive data from
lab tests quarterly. After reviewing reports they could
see TCE levels from dry cleaning solvents used on
site were still high. Community group members are
using data to make a case for replacing private wells
that are vulnerable to contamination.

4
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II. Documenting Use of SfA Materials
The maual, the activities, really all of SfA’s materials,
are a work in progress. As you select and try out
activities with co-workers, community group
members, peers, and the public, record your
impressions using the feedback form. Help us track
the numbers of people exposed to SfA materials and
approaches with the Public Use Log.

During monthly calls with TERC staff, we can
help you plan your use of SfA materials and we will
want to learn more about your preparation and the
response. We expect to add examples of SfA in use
to help others use the materials easily and well. Your
stories and innovations will be welcome additions to
SfA’s resources.

Timeline for Development
Advisors

SfA Partners

TERC

Pilot SfA materials in community
group setting

Makes resources available online

Oct 2010-June 2011
Assist with
dissemination,
e.g., contribute
stories for the
Change Agent,
test the website as
it’s developed
Contributie
to product
development

Finalizes hazardous waste clean up guide, water and
develops air guides for web

Use SfA materials in conference
settings

Posts video products for use

Complete feedback forms, talk with
TERC staff monthly

Works on Change Agent content

Track use with the public

Develops TV shows with OGL

Introduces SfA materials to coworkers and peers

Collects stories and images from partner groups to
incorporate into the guide

Make recommendations of materials
to be translated

Revises training for environmental organizers on the
manual

May-June 2011
Consult as needed

Translates selected materials

June-August 2011
Read review, plan
for 2011-2012

Read review, plan for 2011-2012

© 2010 TERC • Statistics for Action
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Statistics for Action Materials
Feedback Form—Community Group Meeting
Organizer’s Name __________________________ Organization _______________________________
Group Name _____________________________

Meeting date ______________________________

Number attending: _____ male _____ female

1. Tell us about the ethnic/racial groups represented, languages spoken. Tell us about the setting (living
room, community meeting room, conference, etc.).
2. What SfA materials did you use? What stations did you set up?

3. What Smart Moves did you use? Check all that apply.
 Slow down.						
 Compare to what you already know. 			

 Play with different ways to show it and say it.		

 Seek verification.
Other Comments:

Use your senses.
Use friendly numbers.
Talk it out.			

4. What Smart Moves did you notice community group members using? Check all that apply.
 Slow down.						 Use your senses.
 Compare to what you already know. 			
 Use friendly numbers.
 Play with different ways to show it and say it.		
 Talk it out.			
 Seek verification.
Other Comments:
5. What was the response? (Quotes from participants are especially helpful, even simple statements that
reveal attitudes, comfort level, as well as observations about the math, e.g., This was good; I’d like to do
this with my sister, son; This is easy; I never knew a gram was so little; I still can’t imagine a milligram, etc.)

6. What connections did you make for participants between their issues and the SfA materials?
(For example, what community issue prompted you to use this workshop? What reports or additional
materials did you bring in, if any?)

6
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Massachusetts Ave., Cambridge, MA 02140
Fax (617)-873-9601, martha_merson@terc.edu
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Statistics for Action Materials
Public Use Log
Name _________________________________ Organization _________________________________

SfA-related/influenced
resource or activity
(if conducted)
Example: cubic meter and fact
sheet with air test result

Date

Number of
participants

10/29/2010

35

Setting (Meeting,
hearing, info booth, 1:1
door-knocking)
Sign-in table area at
hearing

Type of participant (community
group member, community
member at large, etc.)
Neighbors and public health/clinic
representatives

				
What worked well?

Comments from participants.

Wishlist for other resources or follow up ideas.

Return to Martha Merson, TERC 2067
Massachusetts Ave., Cambridge, MA 02140
Fax (617)-873-9601, martha_merson@terc.edu
© 2010 TERC • Statistics for Action
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Activity Evaluation
Statistics for Action materials are meant to build understanding and skills. Your feedback helps us improve them.
1. After this session, do you feel better able to approach data and statistics in your local work? ___Yes or ___No
2. If so, in what way or ways?

3. Thinking about the main way in your answer above:
a. How confident did you feel in this area before participating? (circle one)

Not at all 1

2

3

4

5

6

7

8

9

10 Very much

7

8

9

10 Very much

b. How confident do you feel after participating? (circle one)

Not at all 1

2

3

4

5

6

4. What was the most interesting or valuable thing you are taking from the session? How will it be useful?

Activity Evaluation
Statistics for Action materials are meant to build understanding and skills. Your feedback helps us improve them.
1. After this session, do you feel better able to approach data and statistics in your local work? ___Yes or ___No
2. If so, in what way or ways?

3. Thinking about the main way in your answer above:
a. How confident did you feel in this area before participating? (circle one)

Not at all 1

2

3

4

5

6

7

8

9

10 Very much

7

8

9

10 Very much

b. How confident do you feel after participating? (circle one)

Not at all 1

2

3

4

5

6

4. What was the most interesting or valuable thing you are taking from the session? How will it be useful?
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About Statistics for Action
Statistics for Action is a project to help adults who face environmental

health issues. We believe all adults should have the tools and resources to:
•

understand environmental reports and regulations

•

explain the statistics to neighbors and decision-makers

We hope Statistics for Action can help everyone feel more comfortable with the
math in environmental issues. We want to learn how people use our materials.
Please share your comments with us. We will use them when we revise our
materials. We may share this feedback in reports and publications. We will not use
anyone’s name without permission.

Statistics for Action is based at TERC,

a nonprofit educational research organization in Cambridge, Massachusetts.
TERC staff are working with environmental organizations and community groups
across the country.

If you have questions about the project, call
Ethan Field or Martha Merson: 617-547-0430
To contact TERC’s research oversight board,
call Jim Hammerman: 617-547-0430
Visit http://adultnumeracy.terc.edu/SfA_home.
html to learn more.

Statistics for Action is made possible with funding from the National Science Foundation.

© 2010 TERC • Statistics for Action
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Statistics for Action Estadística para la Acción) es un proyecto que ayuda a

las personas que enfrentan problemas de salud medioambiental. Creemos que
todas las personas deberían tener las herramientas y los recursos para:
• Entender informes y regulaciones medioambientales
• Explicar las estadísticas a los vecinos y a las personas con autoridad para
tomar decisiones

Esperamos que Statistics for Action le ayude a sentirse más cómodo con las
matemáticas que forman parte de los problemas medioambientales. Queremos
saber cómo se están utilizando nuestros materiales. Por favor, comparta sus
comentarios con nosotros. Los usaremos para revisar nuestros materiales. Es
posible que compartamos sus comentarios en informes y publicaciones. No
usaremos el nombre de nadie sin autorización previa.
Statistics for Action está basado en TERC,

una organización sin ánimo de lucro que se dedica a la investigación educativa y
se encuentra en Cambridge, MA. Trabajadores
de TERC están trabajando con organizaciones
medioambientales y grupos comunitarios de
todo el país.
Si tiene preguntas sobre el proyecto, por favor
llame a Ethan Field o a Martha Merson:
617-547-0430
Para ponerse en contacto con el Consejo de
Revisión de Sujetos Humanos en Investigación
de TERC, llame a Jim Hammerman:
617-547-0430
Para aprender más, visite http://adultnumeracy.terc.edu/SfA_home.html.

Statistics for Action is made possible with funding from the National Science Foundation.
10
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III. SfA Activities
SfA Activities—A Place to Start

Common Dilemmas
Countering a Claim — IS THAT TRUE?

A first Look at Challenging Claims

Proposal on the table: How to show it won’t
be clean, bring in money, or jobs

Averages: Scrutinize the Data
Assessing Conditions Before and After

Same data tell me a different story: How to
argue with the math

Exposed!

Pinning blame for contamination
Distrusting the data: Show the data are
flawed

A First Look at Communicating with
Numbers

Communicating Data — DON’T YAWN

Messaging with Analogies

Crafting an accurate and lively message

Assessing Conditions by Comparing Levels

Presenting findings that will have an impact

Media Talking Points
Messaging by Scaling Up and Down

A First Look at Environmental Test Results
Assessing Conditions Using Maps
Assessing Cnditions by Comparing Levels

Test Results — EXAMINE THE DATA

Averages: Imagine the Extremes

Taking stock: What have we got?

Background Levels: Explore

Describing toxicity: Risks and levels

Measuring

Confirming the resulta are right

Not Detected

Questioning the sampling plan

Sampling Plan
Sorting Out the Units
Toxic As ...?

Health Study Data — CAN WE GET

A First Look at Health Study Data
(forthcoming)

PROOF?
What data can body burden study offer?
What data can a cancer registry offer?

Health Data

What can you do with survey data on selfreported health effects?

Risk Ranking

Exposed!

What about quantifying risk?

© 2010 TERC • Statistics for Action
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Statistics for Action Activity Overview
Page #

Title & Description

14

A First Look at Challenging Claims

21

33

43

49

57

65

72

84

88

90

12

When to Use It

Participants identify quantitative claims made by a potential
polluter. They then prioritize the claims they would like to
question or challenge.

When a potential polluter makes claims that might be
challenged, but you don’t know where to begin. Can
be used as a jumping-off point for other SfA activities.

A First Look at Communicating with Numbers

Participants look at examples of ways to use numbers in
media talking points. Then they brainstorm facts they could
make into messages for their campaign.

When you need an effective message using data from
your community, but you don’t know where to begin.
Use as a jumping-off point for other SfA activities.

A First Look at Environmental Test Results

Participants look carefully at selected pages from test
results. Then they identify and categorize their questions
and observations, and make a plan for following up.

When you get test results, and don’t know how to
begin reading them. Can be used as a jumping-off
point for other SfA activities.

Assessing Conditions Before and After

Participants compare levels measured at an earlier time
to higher levels found later. They choose two methods to
communicate the increase, such as drawing a graph or
using a ratio.

When challenging a claim that will result in an
increase (in traffic, emissions, or a health effect);
when characterizing a change over time.

Assessing Conditions by Comparing Levels

Participants compare data from test results to a legal limit,
objective, background level, or standard.

When a group has received test results and want to
identify a few findings to focus on.

Assessing Conditions Using Maps

Participants copy data from a table onto a map. Then they
use the map to identify trends and hot spots.

When a group wants to analyze test result data for
geographic patterns.

Averages: Imagine the Extremes

Participants imagine numbers and make a graph with low,
high, and middle values that could be represented by the
average.

When reported results include averages that seem to
conflict with suspected problems.

Averages: Scrutinize the Data

Participants start with a data set and its average and
match them with common questionable practices in
arriving at an average.

When community members are suspicious of
reported results involving averages.

Background Levels: Explore

Participants identify the background level for lead by
testing five samples from a playground with a magnet.

When community members want to make a claim or
challenge related to background levels .

Design a Poster

Participants think of a few ways to compare and represent
the numbers.

When you have important data that you want to bring
to people’s attention.

Exposed!

After reading about four children who spend time at or near
a contaminated place, participants figure out which child
has the highest exposure to the contaminated site.

DRAFT

When reviewing or preparing input on a risk
assessment.
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Title & Description
95

104

109

111

116

131

133

140

146

150

154

156

When to Use It

Health Data

Participants respond to guiding questions to interpret data
gathered from body burden studies, cancer registry data,
surveys.

When choosing a health study design; when
exploring the data a health study could yield.

Measuring

Participants see and touch the measurement units
commonly used in environmental testing.

When documents use unfamiliar units.

Media Talking Points

Participants summarize their findings and highlight
important statistics using sentence starters for media
talking points.

When the group has a key fact to communicate, but
they want to polish the message.

Messaging by Scaling up and Down

Participants read examples of dull facts turned into
memorable messages, and practice doing the same.

When an important fact is too dull to capture the
public’s attention.

Messaging with Analogies

Participants consider analogies for units commonly found
in environmental science. They choose which analogy best
completes a statement: “A part per million? That’s like ...”.

When a group seeks to understand or communicate
very large or very small numbers.

Not Detected

In order to find a scale’s detection limit, participants add
objects to the scale until the reading changes.

When a contaminant you expected in test results is
ND or not detected.

Percents at a Glance

Participants use visuals to estimate amounts in percents
and fractions.

When you have a group that will engage with data in
percents, use this as a warm-up.

Risk Ranking

Participants rank several everyday activities that pose
various levels of risk of exposure to contamination.

When the group needs to understand risk from
different kinds of exposure.

Sampling Plans

Participants evaluate several sampling plans and discuss
the advantages and disadvantages to each.

When preparing input for a sampling plan or when
challenging an inadequate plan.

Scrutinizing the Tables

Participants check the consultants’ work, looking for
common mistakes.

When you suspect a mistake in a report of test
results, but don’t know what to look for.

Sorting Out the Units

Participants move between units, for example, between
milligrams per kilogram and parts per billion.

When comparing figures in one unit to figures given in
a different unit.

Toxic as…?

Participants compare an unfamiliar contaminant with the
standards for something more familiar, like lead
and cyanide.

© 2010 TERC • Statistics for Action
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When you are trying to call attention to an unfamiliar
but dangerous contaminant.
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A First Look at Challenging Claims
Overview

Skills

Participants review a document with claims made by
a potential polluter and identify quantitative claims.
They prioritize those claims they would like to
question or challenge.

• Identify quantitative claims, explicit and implied

Time: 75 Minutes

When to Use It
When a recently published document makes claims
about environmental pollution. This “claims
document” might be:

Materials & Prep

• a news story
• a proposal for a new or expanded project
• an environmental impact study
• a public statement or press release
This workshop also serves as a diagnostic tool, giving
the organizer a sense of which other Statistics for
Action activities could be useful to the group.

Adapting the Workshop
If you already know which claims you want to
challenge, or there are only one or two claims, go
directly from Step 1 to Step 3 – skip Step 2 and don’t
use the worksheet. You can also skip the second part
of Step 3, in which you graph the claims for
comparison.

A First Look at Challenging Claims
© 2010 TERC • Statistics for Action

• Guess how claims might be incorrect or incomplete
• Decide which claims are best to challenge

• Before the workshop, go over the claims document
with a group leader. Choose just a few pages or
paragraphs for the group to examine more carefully.
The resource Strategies for Challenging Claims
(included in this workshop) can help with this
selection. Edit as needed, and copy your selections.
(1 per pair)
• Easel and flip charts (or whiteboard)
• One flip chart with an empty set of X-Y axes for
“How Helpful” vs. “How Easy” (see Step 3)
• Pens and highlighters
• Challenging Claims worksheets (1 per pair)
• Tables, desks, or clipboards, so people can write on
their worksheets.

DRAFT
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Step 1: Setting the Stage (10 minutes)
Tell participants what initiated this meeting (the document they’ll examine tonight).
Claims are being made in the document. The group needs to decide whether or not to
challenge any claims. This workshop will help with that – though the group will not at
this time evaluate the truth of the claims.
Claims are hard to challenge if they’re not measurable. Ask the group if they can think
of claims that are not measurable. You can prompt with examples:
The new waste incinerator will be good for this community.
XYZ Inc. cares about communities like Springfield.
Ask how we might prove that one of those claims is false. It’s almost impossible. There
might be evidence to support the above claims – like “the waste incinerator will bring
new jobs, and that’s good” – but then the measurable claim would be about how
many jobs it would bring, not about how “good” it is.
Ask the group for examples of other claims that are measurable. You can prompt with:
The new factory will provide over 200 new jobs in the community.
The new power generator will reduce residential electricity rates.
The level of mercury in the soil is below the legal requirements.
Confirm that the group agrees that those statements are easier to prove right or wrong.
Ask them to get into pairs or groups of three. Give each group some part of the claims
document (for example, Group 1 does the first page, Group 2 gets the second page,
etc.). Using a highlighter, groups will mark the measurable claims they find.

Step 2: Identifying and Examining Claims (25 minutes)
(If you have already decided on a claim you want to challenge, skip to Step 3.)
Give the group 10 minutes to find and highlight measurable claims. As they work,
give each group a copy of the Challenging Claims worksheet. When you give each
group the worksheet, briefly review the instructions on the sheet with them to be sure
they understand what to do.

A First Look at Challenging Claims
© 2010 TERC • Statistics for Action
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Step 3: What Claims Should We Challenge? (30 minutes)
When groups have finished their worksheets, ask who thinks they have the best
challenge. Discuss each claim and take notes for the group.
• What’s the claim? Write the key measurements.
(A) Claim: 300 tons per year
• What’s the question or challenge?
Challenge: It will be more.
• Where could we find out the answers, or more
How: They exceeded waste
information? What help, skills, resources, or
permits for 5 years. Info is on
delivery manifest records kept
funding would we need? Based on that, how
by the state.
easy (1–10) will it be to challenge?
• If it succeeds, what could happen? If it fails,
what could happen? Based on that, how helpful (1–10) will it be to challenge?
(Note: If you have already decided on a claim you want to challenge, skip to Step 4.)
When you’ve finished with a claim, label it
(A). Then plot it on the chart according to
how the group rated it.
)E*!

Repeat this process for other claims the
group wants to challenge. When you feel
like you have enough claims listed, or if
time is running out, draw lines (in
different colors, if possible) from the
bottom left corner of the chart to the label
for each challenge. (See the example at
right.) Explain that the claims with the
longest lines are the best ones to challenge.

)C*!
)B*!

)D*!

Use the chart as a tool to help the group decide which claims to challenge, but don’t
feel constrained by it. Also, don’t just choose one claim. You might designate one as
the top priority, but the research may not yield anything useful, so you should have
others as a backup.

A First Look at Challenging Claims
© 2010 TERC • Statistics for Action
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Step 4: Wrap-Up (10 minutes)
Decide as a group:
• What steps are needed to follow up on the group’s choices?
• Do we need to know more about the claims before moving forward?
• Who will take on different tasks?
• What is a reasonable timeline for each step? Note: If none of the next steps can start
for six months, you may want to add a claim that can be investigated right away.
During or after the meeting, you can make a note of any other Statistics for Action
activities you think might be relevant or helpful for the group. Suggest these activities
to the group leaders as possibilities for future meetings.

A First Look at Challenging Claims
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Challenging Claims Worksheet
1.
2.
3.
4.

Choose up to three claims you think are suspicious. Write each in a box.
Circle the measurement words in each claim. See examples, below left.
For each claim, write how you might question, challenge, or investigate the claim.
How easy or hard will it be to challenge each claim? Rate each from 1 to 10.
Then rate how much you think a successful challenge would help your campaign.

Examples of
Measurement
Words
Numbers

Claim #1:

Challenge:

237,000
five
dozens
millions
0.0043

Units
acres

Easy challenge? (circle)
Help our campaign?

Very Hard 1 2 3 4 5 6 7 8 9 10 Very easy
No Help 1 2 3 4 5 6 7 8 9 10 Big help

Claim #2:

jobs
miles per hour
µg/L
dollars per year

Challenge:

Comparisons
less than
six times
30% more than

Easy challenge? (circle)
Help our campaign?

Very Hard 1 2 3 4 5 6 7 8 9 10 Very easy
No Help 1 2 3 4 5 6 7 8 9 10 Big help

a minimum of

Statistics

Claim #3:

average
median
2/3 of residents

Challenge:

margin of error
probability

Easy challenge? (circle)
Help our campaign?

A First Look at Challenging Claims
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Strategies for Challenging Claims
Aspect

Meaning & Examples

The Claim

A statement about something measurable that
could be disputed, questioned, or challenged

Measures

What is measured, estimated, or promised?

Units

Dollars and cents. Seconds, minutes, years.
Inches, miles. Square feet, acres, square
miles. Gallons, cubic meters, liters. Pounds,
kilograms, tons, micrograms. Watts,
kilowatt-hours. Truck trips, jobs, new
cancer cases.

Calculations

How are the measures calculated, combined,
or related to each other?

A ratio

A relationship between two or more units
listed above: Miles per gallon. Micrograms
per liter. Tons per year.

Is the ratio used the one you really care
about? Are they using X per year when
you really care about X per day?

An average

A number representing many numbers
taken over time: “The average number of
truck trips per day in 2008.”

How was the average calculated? Did they
leave out any outliers (very high or low
data points)? Maybe average is misleading,
and you really care about high, low, or
median. Maybe the official average is 10
per day, but it’s actually 300 one day per
month, and 0 the rest of the month.

A maximum,
minimum,
or limit

A promise about a number always being
smaller or larger than a number: “The new
plant will provide at least 25 new jobs.” Or a
legal limit set by the government: “The
MCL for lead in drinking water is 15 µg/L.”

Watch out when promises include
averages – for example, the annual average
may be below a maximum, but a
particular day or month may be over the
maximum.

A First Look at Challenging Claims
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If you challenge these, you’ll need to be
very familiar with the units in question.
That’s easy for dollars, harder for
micrograms. Make sure units are
consistently metric or English; they
shouldn’t switch back and forth.
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Aspect

Meaning & Examples

Time

Is it about the past, present, or future?

Past/present

Is the claim about something could be
measured today?

Verify by using existing information. Did
they leave anything out?

Future

The claim is a prediction about the future.

Look at the numbers/formulas used in
making the prediction. Did they assume
worst case or best?

Exactness

How exact is the claim?

Exact statement

An exact number that has already been
measured: “The plant releases 500 gallons of
effluent per day into Bo Creek.”

Find the data sources and verify.

Exact
estimate

An exact number or range, but based on a
guess, not a real measurement: “Officials
estimate that the typical person doesn’t eat more
than 5 or 6 fish from the stream per year.”

Look at the numbers and formulas used to
make the prediction. Find out what
counts toward their numbers. For
example, does “3 acres of new open public
space” include 2 acres of parking lots?
Does “$12 million in new property tax
revenue” include the reduction in
residential home values when a nuisance
moves into the neighborhood?

Fuzzy estimate

A claim with no specific numbers, but which
might still be verified or challenged: “We
expect the number of smell complaints to
decrease significantly after this year.”

Push for more precision and exact
numbers or range (minimum and
maximum). Push for likelihood.

A claim that is subjective or lacks critical
information: “XYZ Corp. will provide
incentives and low-interest loans to weatherize
homes.”

Without any numbers, it’s impossible to
know if this is true or if it will have an
impact in the community. Push them to
quantify the claim with specific amounts.
Find out what counts toward their
estimates. Is the claim based on some
unscientific assumption?

Incomplete
estimate

A First Look at Challenging Claims
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A First Look at Communicating with Numbers
Overview

Skills

Participants look at examples of ways to use numbers in their
talking points. Then they brainstorm facts about their own
community and campaign that could be used to create similar
talking points. They finish by making a plan to get any
information they don’t have yet.

• Learn different ways to represent
numbers in campaign messages

When to Use It

Time: 60 Minutes

When preparing to communicate about an environmental issue
to decision-makers, media, and the community.
This workshop also serves as a diagnostic tool, giving the
organizer a sense of which other Statistics for Action activities
could be useful to the group.

Notes for the Facilitator
The handouts for this session include seven sets of messages that
could become talking points. For each set, the original fact is in a
gray box; the other boxes show different ways to state that fact.
Which of these you use, and how, depends on how you run the
workshop (see options listed in Step 2).

A First Look at Communicating with Numbers
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• Think about which numbers might be
used in a message supporting the local
campaign.

Materials & Prep
• One or more sets of example messages.
(Choose one option in Step 2 and
prepare the handouts accordingly.)
Copies of Numbers Make Your Message
Stronger (1 per pair)
• Easel with pad or whiteboard, markers
• Bring in data or facts relevant to the
group’s campaign. You might also bring
relevant data about the community:
population, number of households, etc.
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1. Setting the Stage (5 minutes)
If you have a personal story about using numbers in campaign messages, start with
that story. For example: “Once on the ____ campaign, I talked to a reporter for 10
minutes, and the quote she used was the one with the statistics in it.” Remind
participants that for their campaign to be effective, they will need to deliver short,
carefully worded messages to decision-makers, media, and the community. A message
is more believable when we use real facts and numbers. But using numbers poorly
could backfire and hurt the campaign.
Give the group an overview of the activity:
1. First you’ll look at ways other campaigns have considered using numbers in their
campaign messages, to give you some ideas.
2. Then you’ll brainstorm facts about your own community and campaign, and think
about how you could create messages around these facts.
3. Finally you’ll make a plan for how to get any information you don’t have yet.

2. Getting Ideas for Messages (20 minutes)
Options for using the sample message sets:
Small group: Hand out each set of messages for participants to read. Have the group
decide which messages are most effective and least effective.
Larger group: Divide into smaller groups. Cut apart the sample messages in one set and
give a complete set to each small group. Groups arrange the messages in order from
most effective to least effective, then share their decisions with other groups.
For a conference workshop: Enlarge each individual message in one sample set. Have
volunteers stand before the group, holding up each message. Have the audience tell
the volunteers where to stand, ordering the messages from most to least effective. If
the group can’t agree, take a vote.

A First Look at Communicating with Numbers
© 2010 TERC • Statistics for Action

DRAFT

22

After any of the above situations, ask the group:
• Which statements were the most surprising? Memorable? Powerful?
• Which ones were confusing? Awkward? Unimpressive?
• What are the features of an effective message?
Write the answers to the last question on an easel or whiteboard. During the
discussion, you can supplement with ideas from the handout Numbers Make Your
Message Stronger. When the group runs out of ideas, hand out copies of Numbers
Make Your Message Stronger. Explain that these are tips and ideas for writing their own
messages.

3. Brainstorming Messages (15 minutes)
Shift the focus back to the community’s campaign. Have the group brainstorm a list
of facts they think are important to communicate, and compelling ways to express
those facts. Follow brainstorming rules: No discussion or criticism, just list the ideas.
The messages don’t have to be fully formed, and you don’t need all the facts right
now. It’s OK for someone to say, “How about showing the total mercury emissions
per year, per person in the city?” and then find those numbers after the meeting.

4. Prioritizing and Delegating (10 minutes)
When brainstorming winds down, have the group choose several ideas that seem
promising. If the ideas require additional research, choose volunteers to find the
answers. Places they might go for research:
• Federal and State government websites (EPA, NOAA, Census, Dept. of Energy)
• City/Town Hall (Clerk, Assessor, Finance, Planning)
• Testing and monitoring reports from licensed site professionals
Close the activity by asking everyone to bring the information they find to the next
meeting, when the group will practice changing their raw facts into powerful
messages.

A First Look at Communicating with Numbers
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Numbers Make Your Message Stronger
	
  

The numbers in pollution science can be so big or so small, they’re hard to imagine.
Numbers are more powerful when people can picture seeing and touching them.

1. Choose a Strategy
Use familiar units. Convert to units people
hear or see in everyday life.

Cubic
meters
kilometers

Gallon milk jugs, sugar packets,
teaspoons, football fields,
50-gallon drums

kilograms

Make it local. Use distances, areas, volumes,
and heights based on familiar things from your
town.
Make it personal: Divide the amount up
among the people who will be impacted.
Divide it up per person, household, or town.

Use time to scale up or down.

Use the problem to your advantage.
Include negative images from the problem in
your message.

Show the trade-offs with money.

A First Look at Communicating with Numbers
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245 miles
12.3
million
gallons

…would reach from Bobʼs gas
station to Doraʼs Deli.
…would fill Memorial Stadium.

1,300
tons of
trash per
day

150 pounds of trash
per person, every day.

800,000
tons of
toxic
waste per
year

One and a half tons per minute.

40
truckloads
of coal
per day

A yearʼs worth of trucks, lined
end to end, would fill Route 7
from here to the state line.

Factory
provides
$24,000
in tax
revenue

…sounds like a lot, but itʼs only
$32 per resident. You can barely
buy a cake for that!

Fifty pounds per second.
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2. Check for Common Pitfalls
Make sure it makes sense. Use an example
that makes sense for your situation. So if you’re
talking about a part per million in water…

Compare to things with a uniform size.

Focus on understanding. A bigger number
doesn’t mean bigger impact.
Be careful with length, area, and volume: A
ratio between lengths changes when you switch
to area or volume

NO: One pancake
in a stack a
mile high

YES: One drop in
an Olympic-sized
swimming pool

NO: Trees, city
blocks, houses,
lakes

YES: Football
fields, gallons,
pounds

NO: 136,800
minutes

YES: Over three
months

NO: 100 cm in a m,
so 100 cm3 in a m3

YES: 100 cm in a
m, but 1,000,000
cm3 in a m3

3. Polish Your Message
Use friendly numbers. When possible, round
off your final number
Use familiar fractions, ratios and percents
instead of decimals or numbers that are hard to
picture.
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NO: 197 tons
2,480,000 people

NO: 12.4% of town
residents

YES: 200 tons
Two and a half
million people

YES: About one in
eight town
residents
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Set 1: How toxic is dioxin?

The legal limit for dioxin in
drinking water is 0.00003
µg/L. That’s the same as 1
gram of dioxin added to 8.8
billion gallons of water.

1 gram of dioxin is enough to
poison the amount of water
the average American would
use in 15,000 years.

1 gram of dioxin is enough to
poison the water that 15,000
Americans use in one year.

1 gram of dioxin would make
8.8 billion gallons of milk
unsafe to drink.

1 gram of dioxin would poison 1 gram of dioxin would make
13,333 Olympic sized
the amount of water used by
swimming pools’ worth of
all of the people of Concord,
water.
MA, unsafe to drink for a year.

One half-gram of dioxin would 1 gram of dioxin is enough to
poison all the water in Walden make 33 billion liters of soda
Pond.
unsafe to drink.

DRAFT
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Set 2: How many truck trips for the new incinerator?

The new incinerator would
take in 3600 tons of
construction and demolition
waste per day.
A standard garbage truck
holds about 25 tons.

The new incinerator would
add 144 garbage truck trips
per day.

The new incinerator would
add over a thousand garbage
truck trips per week.

The new incinerator would
add over fifty thousand
garbage truck trips per year.

During the daytime, garbage
trucks would be going in or
out of the new incinerator
plant every two and a half
minutes, on average.

The new incinerator would
add a thousand garbage truck
trips per week. Lined up end
to end, those trucks would
reach from one side of town
to the other.

DRAFT
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Set 3: How much over the limit?

The legal limit for TCE in
drinking water is 5 µg/L.
Local tap water tests found
TCE levels as high as 200
µg/L.

Testing found TCE as high as
4000% of the legal limit.

Testing found TCE as much
as 40 times the legal limit.

Tests showed that some TCE
levels were 195 µg/L over the
limit.

If the legal limit is like a
measuring cup’s worth of
TCE, what the tests found
was like two and
a half gallons’ worth!

There’s enough TCE in
David’s tap water to make his
family sick
40 times over.

DRAFT
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Set 4: How many kids have asthma?

The health study surveyed
335 children in one
community. Of these
children, 81 were told by a
health care worker that they
had asthma.

81 out of 335 children in our
community have asthma.

24.2% of children in our
community have asthma.

One out of every four children
in our community have
asthma.

A quarter of the children in
our community have asthma.

For every three healthy
children in our community,
there is one child with
asthma.

Think of four kids in our
community: Your daughter, your
neighbor’s son, the paper boy,
your niece. Now pick one of
them. You just chose the next
child to get asthma.

DRAFT
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Set 5: Recycling and energy

Making a plastic bottle
from new materials uses
5200 BTUs of energy.
Making a plastic bottle from
a recycled bottle only uses
1400 BTUs.
Making a bottle from new
plastic takes uses three times
as much energy as using
recycled plastic.

DRAFT

Recycling a plastic bottle
saves 73% of the energy
used to make a new
plastic bottle.

With the energy it takes to
make one bottle from new
plastic, you can make three
bottles with recycled plastic.
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Set 6: Mercury in incinerator ash

The average background
level of mercury in the soil
in this area is 0.18 ppm. The
ash from the trash
incinerator contains 4.3
ppm of mercury.

The ash from the Foster
Wheeler incinerator has 23
times as much mercury as
typical
U.S. soils.

Incinerator Ash: High in Mercury

Normal Background
Mercury

Incinerator Ash
Mercury

DRAFT
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Set 7: Pesticides

17 of 32 of LawnCo
pesticide products contain
possible carcinogens.

53% of LawnCo pesticides
contain possible carcinogens.

9 of 32 LawnCo pesticide
products contain known or
suspected reproductive
toxins.

28% of LawnCo pesticides
contain known or suspected
reproductive toxins.

More than half of LawnCo
pesticides contain possible
carcinogens.

One in two LawnCo
pesticides contain possible
carcinogens.

More than a quarter of
LawnCo pesticides contain
known or suspected
reproductive toxins.

One in four LawnCo
pesticides contain known or
suspected reproductive
toxins.

DRAFT
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A First Look at Environmental Test Results
Overview

Skills

Participants look at environmental tests and record
observations or questions on sticky notes. They
group those notes by category and reflect on what
they need to know in order to understand test
results.

• Identify broad questions about a report (“Is it safe
for my child to…?)
• Identify specific questions about a report (“What is
mg/Kg? What is Napthalene?”)
• Group and prioritize questions

When to Use It

Time: 45 Minutes

When a community receives the results of air, soil,
water, or other environmental tests, and doesn’t
know where to begin.

Materials & Prep

This workshop also serves as a diagnostic tool,
giving the organizer a sense of which other Statistics
for Action activities could be useful to the group.

•

Choose lab report pages for the activity (see What
to Use).Post enlarged versions on the wall in the
meeting room. Leave plenty of space between
them. Include one large blank sheet labeled
“Other Questions or Observations.”

•

Cut apart Participant Instructions slips. Tape them
on or near each posted lab report page.
Print out the Questions & Observations pages. Post
them together in a group on the wall.

Facilitator Notes: What to Use
When selecting pages of test results, don’t use the
whole report. Choose a single page from each of the
following sections, if available:
• Narrative summary of report

•

•
•

Tabular summary of key data
Maps of the site with testing locations marked

•

•

Tables of full test results, including results both
over and under the detectable limits
Descriptions of samples from the field
(temperature, pH, etc.)

•

•
•

Review relevant SfA materials before this meeting.
Be prepared to suggest them at the end of the
meeting as appropriate.
Bring medium-size sticky notes, markers, pens.

“Chain of custody” reports

A First Look at Environmental Test Results
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A First Look at Environmental Test Results
Step 1: Setting the Stage (5 minutes)
Tell participants lab results can be confusing. To understand them, we need to see
what we can figure out on our own, and what questions we have.

Step 2: Looking at the Reports (25 minutes)
Divide into small groups, with at least two people per group. For example, if there are
6 lab report pages posted, divide into 6 groups. Invite each group to one of the posted
pages. Give each person sticky notes and a marker.
Small groups should discuss each page, then write observations and questions on the
sticky notes and post them on the lab report pages. If they are slow to do this, you can
“seed” the pages with notes of your own. When groups have finished one page, they
can move on to another.
After 10-15 minutes, ask participants to finish up where they are and select a few
sticky notes to post on the Questions & Observations sheets. They should talk together
about the possibilities as they look for the category that best fits each note. Continue
until all the sticky notes have been categorized. If the category for a particular question
is not clear, a participant can post it with “Other Questions or Observations,” or
break it into two or more simpler questions.

A First Look at Environmental Test Results
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Step 3: Debriefing (10 minutes)
Ask the group:
• How was that experience?
• Did you notice anything particularly surprising or interesting?
• Did you see any patterns to the questions and observations?
• What seems most important?
As needed, share your own observations for discussion.
Tell the group
• Some questions can be answered by turning to resources or doing a little research.
• Other questions raise issues that we can explore in activities at future meetings.
• Some questions have no definite answer, because not enough is known about the
situation.
You might choose a few of the questions they wrote as examples of each idea.

Step 4: Follow-Up (5 minutes)
(Note: If the group is large, you may wish to do this with a smaller group of leaders.)
Review the sticky notes and decide what the group needs most to support its overall
goal. Among the options could be:
• Find a resource that defines some of the key terminology.
• Divide up definition-related questions among members of the group, and ask
people to research the answers before the next meeting.
• Do a related Statistics for Action activity at the next meeting to help the group get a
deeper understanding of the concepts involved.
• Bring an EPA or engineering expert to the next meeting, or call such an expert
between group meetings and bring the answers to the next meeting.
• One or two members of the group could develop a deeper expertise/understanding
about something between meetings and share with the rest of the group.

A First Look at Environmental Test Results
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A First Look at Environmental Test Results
Participant Instructions (Attach one to each page of test results.)

Look at this page carefully. What do you notice? What makes sense?
What does not make sense? What questions do you have?
Write down your observations and questions, one per sticky note.
Because we will move the notes around, include details. (So, don’t write,
“What does this mean?” Instead write, “What does naphthalene mean?”)

Look at this page carefully. What do you notice? What makes sense?
What does not make sense? What questions do you have?
Write down your observations and questions, one per sticky note.
Because we will move the notes around, include details. (So, don’t write,
“What does this mean?” Instead write, “What does naphthalene mean?”)

Look at this page carefully. What do you notice? What makes sense?
What does not make sense? What questions do you have?
Write down your observations and questions, one per sticky note.
Because we will move the notes around, include details. (So, don’t write,
“What does this mean?” Instead write, “What does naphthalene mean?”)

Look at this page carefully. What do you notice? What makes sense?
What does not make sense? What questions do you have?
Write down your observations and questions, one per sticky note.
Because we will move the notes around, include details. (So, don’t write,
“What does this mean?” Instead write, “What does naphthalene mean?”)
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Questions & Observations

Definitions, Terminology, and Chemical Properties
Example: What are PCBs? Are they dangerous?
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Questions & Observations

The Testing Process
Example: Where did they test for PCBs?
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Questions & Observations

Results as Presented in the Report
Example: What amount of PCBs did they find under the old storage tank?
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Questions & Observations

Is Human Health at Risk?
Example: Could those PCBs get into my drinking water? My basement?
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Questions & Observations

What Action Should Happen Now?
Example: Who will pay to clean it up?
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Questions & Observations

Other Questions or Observations

A First Look at Environmental Test Results
© 2010 TERC • Statistics for Action

DRAFT

42

Statistics for Action Activities
Facilitator Instructions

Assessing Conditions Before and After
Activity Overview

Skill: Build flexibility with conveying a numerical
message

Participants compare levels measured at an earlier time to
higher levels found later. They choose two
methods to communicate the
increase, such as drawing
a graph or using a ratio.
The group compares the
effectiveness of the different
methods.

Time: 10-30 minutes
Data set: Provided, or substitute your own
Versions available: Air Quality, Trash in Tons, Water
Contamination

When to Use It
When challenging a claim that will result in an increase (in traffic,
emissions, or a health effect); when characterizing a change over time.
Suggested companion activities
• Precede with First Look at Claims or First Look at Communicating
• Use along with Percents at a Glance, Assessing Conditions by Comparing Levels;
Assessing Conditions Using Maps

Materials & Prep
Copy the participant instructions (1 per pair or
participant)
Copy and cut apart prompts. (See supplement.)
Make sets of 8, enough for 2 per pair.
Markers, pens
Calculators
Envelope to collect pairs’ work
Optional: Select figures from your campaign to
add to the mix

• Follow up with Media Talking Points; Design a Poster
Steps
1. Launch the activity: We need to explain how much of an increase we

are facing, and that can be communicated in several different ways. Some
ways are more powerful than others. This is your chance to experiment.

2. In pairs: Choose two cards and compare the numbers. Discuss your
comparisons and leave the cards with your work on them in an envelope.
3. Debrief: Pass the cards around and lead a general discussion:

• Which of the cards packs a powerful message?
• Which is the most powerful?
• Why do you think so?

The landfill owners want to
change their permit from
258,980 tons per year to 499,200
tons per year. We need to let
people know.

Worth Noting
Expressing percent of increase is notoriously hard. Do it with a drawing.
Start with the original number in a box. Find out what the increase is.
Compare it to the original number. Draw both in boxes next to the original.
one and a half times
double the original or the original or 150%
increase
100% increase
original
amount is 100%
1 1/2
Smart Moves
• Use friendly numbers.
• Play with different ways to show it and say it.
© 2010 TERC • Statistics for Action
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Assessing Conditions Before and After
Air Quality
	
  

	
  
	
  

After the factory opened, they tested
the air and found levels as high as
74 µg/m3 of PM2.5.* Thatʼs much
higher than the 15 µg/m3 of PM2.5 they
measured before the factory opened.
We need to let people know!
	
  
* PM2.5 is particulate matter at least 2.5 microns in diameter.
It usually comes from car exhaust or smoke.

Directions
1. Choose two cards.
2. Using the directions on the cards, compare the amount of PM2.5 after
the factory opened to the amount of PM2.5 before the factory opened.
3. Decide: Which card do you think is better? Why?

Assessing Conditions Before and After
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Assessing Conditions Before and After
Trash in Tons
	
  
	
  
	
  
	
  
	
  
	
  

	
  
The landfill owners want to
change their permit from
258,960 tons per year to
499,200 tons per year.
We need to let people know!

Directions
1. Choose two cards.
2. Using the directions on the cards, compare the current landfill permit to
the proposed landfill permit.
3. Decide: Which card do you think is better? Why?

Assessing Conditions Before and After
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Assessing Conditions Before and After
Water Contamination
	
  

The vinyl chloride in our
groundwater went from 0.9 µg/L
in April to 1.8 µg/L in October.
We need to let people know!

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Vinyl Chloride
in Well #4 in µg/L

Apr.
2008

Oct.
2008

0.9

1.8

MA DEP
GW-1*
2.0

* The Massachusetts Department of Environmental Protection has set this level for vinyl
chloride for the GW-1 Category: ground water that may be used as drinking water.
http://www.mass.gov/dep/cleanup/laws/standard.htm

	
  

Directions
1. Choose two cards.
2. Using the directions on the cards, compare the October level of vinyl
chloride to the April level.
3. Decide: Which card do you think is better? Why?
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Use whole numbers (no
decimals) to tell how many
times bigger one number is
than the other.

Use a ratio (e.g., “4 to 1”) to
compare the numbers.

1

2

Sketch a graph to compare the
numbers.

2

Use a percent to compare the
numbers.

3

Assessing Conditions Before and After
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Draw a picture (not a graph)
comparing the numbers.

Tell how much more one
number is than the other using
the same units.

6

5

Convert the numbers to units
more familiar to you and
compare them.

Your choice: Compare the
numbers any way you like.

8

7

Assessing Conditions Before and After
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Statistics for Action Activities
Facilitator Instructions

Assessing Conditions by Comparing Levels
Activity Overview

Skill: Practice comparing test results to legal
standards by order of magnitude. Practice saying
and showing comparisons in different ways.

Participants compare data from test results to a legal limit, objective,
background level, or standard. They either
(a) categorize how alarming the results are by order of magnitude, so they
know which results to focus on, and/or

Time: 10-20 minutes

(b) begin shaping how they will share findings by experimenting with
different ways to represent the comparisons.

Versions available: Soil Near Incinerators and
Background Levels; VOCs and Groundwater
Objectives; Lead in Lipstick

When to Use It
When community members want to challenge claims that contamination
is not serious. When a group has received environmental test results and
members want to identify a few findings to focus on. They narrow the list
and consider how best to express the information.
Suggested companion activities
• Precede with A First Look at Environmental Test Results or A First Look at
Challenging Claims

• Use together with Assessing Conditions Before and After (if applicable) and
Assessing Conditions Using Maps

Steps
1. Launch the activity: We want people to be aware of the full extent of
the problem, including the most alarming levels. We’re going to categorize
test results as a way to narrow our focus.
2. In pairs or small groups: Fill in the worksheets to analyze the data sets.
3. Debrief:

Benzo(a)anthracene

• What observations do you have?
100 times

• How would you describe the
contamination on site?

10 times

Worth Noting
During a group meeting, you may not have
time to analyze the full set of data, but by
the end of the session, the group may decide
to divide up the work and several individuals
may feel confident volunteering to help
analyze the data.

110

Alarm
Level

!!!!!

6.78
on site

• Use friendly numbers.
• Seek verification.

2 times
Start here
with the
limit or
standard
Half of

Materials & Prep
Copy the participant instructions (1 per pair or
participant).
Options:
—To identify the most serious contamination, use
the Order-of-Magnitude Worksheet. Write in the
title (sample name), column headings (contaminant
name), and comparison value (MCL, background
level, etc.)
—To sort the results by intensity (that is the level
of concentration), follow the Order-of-Magnitude
Worksheet with the Tally Sheet.
—To investigate comparisons with a few data
points, or if you already know what the most
serious results are, use the Many Comparisons
Worksheets.
Have blank worksheets available if you want to
analyze your own data (minimum 1 per person)
Markers, pens
Calculators

!

11

L'Oreal Colour
Riche "True Red"

Dior Addict
"Positive Red"

Legal limit for lead in
candy

0.1

0.1

Tested lead levels, in
parts per million (ppm)

0.65

0.21

Lipstick Brand

??

Smart Moves

Data set: Provided, or substitute your own

2.2
1.1
?

.55
…

0
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Assessing Conditions by Comparing Levels
Soil Near Incinerators and Background Levels
Levels of toxic metals in the soil
near the incinerator are higher
than the normal background
levels. Will you
take action?

The legal limit is made to protect
health. Itʼs not a serious concern
unless contamination is WAY
over the
background
levels.

Regulator

Resident

Directions
1. Look at the data below. It shows levels of toxic metals in the soil near
trash incinerators, and the normal background levels for those metals.
2. Follow the directions on the worksheets to compare each tested amount
with the background levels.
Test results in parts per million (ppm)

LEAD

CADMIUM

MERCURY

35

0.3

0.18

Soil near Ogden Martin incinerator, Syracuse, NY

1400

40.1

4.3

Soil near Foster Wheeler Incinerator, Hudson Falls, NY

2650

60.3

4.1

Typical background levels in US soils

Data from BREDL, “Waste Gasification: Impacts on the environment and public health”
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Assessing Conditions by Comparing Levels
VOCs and Groundwater Objectives

The test results show levels of
Volatile Organic Compounds
that are higher than the state
Groundwater
Objectives.
Will you take
action?

Resident

The GW Objectives for VOCs
were made to protect health. Itʼs
not a serious concern unless
levels are WAY
over the
Objectives.

Regulator

Directions
1. Look at the data below. It shows levels of Volatile Organic Compounds
(VOCs) in three different groundwater wells, and the state groundwater
objectives for each of those VOCs.
2. Follow the directions on the worksheets to compare each tested amount
with the groundwater objectives.

Test results (µg/L)

Vinyl Chloride

cis-1,2Dichloroethene

Trichloroethene

Tetrachloroethene

2

70

5

5

Well #GZ-21

2.3

1.7

1.7

6.2

Well #GZ-20

35

500

400

880

Well #GZ-3

8.1

110

81

160

GW Objectives

Data from January 2009, Charbert Facility, Richmond, Rhode Island. RIDEM Case #99-037.
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Assessing Conditions by Comparing Levels
Lead In Lipstick
I just read that twenty different
brands of lipstick have
measurable amounts of lead in
them! Isnʼt
there a law
against that?

Resident

Thereʼs no limit for lipstick, but
the FDA limits lead levels in
candy to 0.1 ppm.
I wouldnʼt worry
unless itʼs
MUCH higher
than that.

Regulator

Directions
1. Look at the data below. It shows test results for levels of lead in different
brands of lipstick.
2. Follow the directions on the worksheets to compare each brand with the
legal limits for lead in candy.
L'Oreal Colour
Riche "True Red"

L'Oreal Colour
Riche "Classic
Wine"

Cover Girl
Incredifull Lipcolor
"Maximum Red"

Dior Addict
"Positive Red"

Legal limit for lead in
candy

0.1

0.1

0.1

0.1

Tested lead levels, in
parts per million (ppm)

0.65

0.58

0.56

0.21

Lipstick Brand

Data from ENS Study, 2007, Campaign for Safe Cosmetics. Ingredients may have changed since 2007.
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Assessing Conditions by Comparing Levels
Order-of-Magnitude Worksheet for _________________

1. Fill in the strips: one contaminant per strip. Follow the example.
2. Write in and circle the level on site. It doesn’t need to be exact.
3. Repeat the process for the other contaminants. Which is most alarming?
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Assessing Conditions by Comparing Levels:
Tally Sheet

For each contaminant, make a tally mark in the appropriate box below.
When you’re done, you’ll see which contaminants are the most widespread.
Contaminant

Less
than or
equal to
standard

More
than the
standard
but not
double

Assessing Conditions: Comparing Levels
©2010 TERC, Cambridge, MA

2x more
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Between
2 and
10x
more

10x
exactly

Between
10x and
100x
more

More
than
100x

54

Many Comparisons Worksheets
	
  

Use whole numbers (no
decimals) to tell how many
times bigger one number is
than the other.

Use a ratio (e.g. “4 to 1”) to
compare the numbers

1

2

Sketch a graph to compare the
numbers.

2

Use a percent to compare the
numbers.

3

Assessing Conditions: Comparing Levels
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Many Comparisons Worksheets

Draw a picture (not a graph)
comparing the numbers

Tell how much more one
number is than the other using
the same units

6

5

Convert the numbers to units
more familiar to you and
compare them.

Your choice: Compare the
numbers any way you like

8

7
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Statistics for Action Activities
Facilitator Instructions

Assessing Conditions Using Maps
Activity Overview
Participants copy data from a table onto a map. Then they use the map to
identify trends and hot spots.
When to Use It
When a group wants to analyze test result data for geographic patterns.
Suggested companion activities
• Precede with A First Look at Environmental Test Results or A First Look at Challenging
Claims. If your group has lots of data (many sample locations, many
contaminants found) lead Assessing Conditions by Comparing Levels with the
local data and decide which results are the most serious. Then lead this
activity with that data set and your own maps
• Use with Assessing Conditions Before and After and Assessing Conditions by
Comparing Levels

Skill: Practice mapping data and looking for trends.
Time: 10-20 minutes
Data set: Provided, or substitute your own
Versions available: Landfill by the River (simplest);
Pond Sediment (medium); Salvage Yard (most
complex)
Materials & Prep
Copy the participant instructions (1 per pair or
participant).
If community members are working with their own
large data set, prepare by selecting only the data of
most concern. Copy the data and a site map (1 per
pair per contaminant)
Markers, pens
Calculators (if comparing to legal limits)

Steps
1. Launch the activity: Now that we have the test results back, we want to
see if there is any pattern to the data. Before mucking about with our own
data, let’s walk through the steps with a simpler version.
2. In groups of 2-4: Copy the data from the worksheets to the map. Then

discuss any patterns you see.

3. Debrief:

• What did you observe? Is there evidence of trends or hot spots?
• How would a map like this with local data be useful? Could this be a
tool to alert the public or specific decision-makers to problems?
Worth Noting
If your group is skilled or ambitious, skip the SfA versions and go straight to
mapping your own data. Follow the directions above. Then make a second
version on a large-scale map using size or color dots or call-outs to show
where levels are over the legal limit and by how much.
Smart Moves
• Use your senses.
• Play with different ways to show and say it.

© 2010 TERC • Statistics for Action

DRAFT

57

Assessing Conditions Using Maps
Background
To get a good picture of what test results show, use the same strategies that
an environmental professional uses.
Directions
1. Look at the data table and the map. Each of the numbers corresponds to
a place on the map.
2. Write the test results for each sample in the corresponding location on
the map.*
3. When you’re done, circle or highlight the spots with the highest
readings.
4. What do you notice? Trends? “Hot spots”? Variation?

* If you feel confident, you can write on the map how the test result compares to the
government standard (for example, “12x” for 12 times the limit).

Assessing Conditions Using Maps
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Assessing Conditions Using Maps
Data Sheet: Landfill by the River
Contaminant

WS-1
(Upstream)

WS-2
(Just Downstream)

WS-3
(Far Downstream)

NYDOH
MCL

Arsenic

0.05

1.1

0.31

0.01

Chromium

0.09

0.09

0.07

0.10

Iron

0.21

0.37

0.21

0.30

NYDOH MCL: The Maximum Contaminant Level allowed in drinking water by the New York Department of Health.
All results in milligrams per Liter (mg/L)
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Landfill by the River

WS-1

WS-2

WS-3

Direction of river flow 

Assessing Conditions Using Maps
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Assessing Conditions Using Maps
Data Sheet: Pond Sediment
Contaminant

PSS-1

PSS-2

PSS-3

PSS-4

PSS-5

SQuiRTs
TEL

Aluminum

11,000

2,900

ND

ND

ND

NL

Arsenic

23

ND

ND

ND

ND

5.90

Barium

270

140

190

21

ND

NL

Lead

180

53

ND

ND

ND

35

7,800

5,400

6,200

6,100

ND

NL

Mercury

450

130

ND

ND

ND

0.174

Zinc

450

130

ND

ND

ND

123.1

Magnesium

SQuiRTs TEL: National Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables,
Freshwater Threshold Effects Levels. SQuiRTs are used for comparison purposes only.
All results in Micrograms per Liter (µg/L)
ND = Not Detected
NL = No Level published in SQuiRTs
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Pond Sediment
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Assessing Conditions Using Maps
Data Sheet: Salvage Yard Soil
Sample Label,
Sample Depth

Sample Label,
Sample Depth

Arsenic

Arsenic

SS-01, 6 inches

7.7

SB-09, 12 inches

3.9

SS-02, 6 inches

5.8

SB-10, 12 inches

3.8

SB-02, 12 inches

4.9

SS-11, 6 inches

ND

SS-03, 6 inches

4.6

SS-12, 6 inches

ND

SB-03, 12 inches

4.4

SS-13, 6 inches

3.7

SS-04, 6 inches

6.3

SS-14, 6 inches

4

SB-04, 12 inches

3.9

SS-15, 6 inches

ND

SS-05, 6 inches

6

SS-16, 6 inches

6.6

SB-05, 12 inches

4.1

SS-17, 6 inches

6.1

SS-06, 6 inches

4.4

SS-18, 6 inches

5.5

SB-06, 12 inches

3.9

SS-19, 6 inches

4.3

SS-07, 6 inches

ND

SS-20, 6 inches

5.3

SB-07, 12 inches

4.8

SS-21, 6 inches

6

SS-08, 6 inches

4.9

SS-22, 6 inches

4.4

SB-08, 12 inches

5

SS-23, 6 inches

3.4

SS-09, 6 inches

4.4

SS-24, 6 inches

3.2

EPA R3 Residential SSLs

0.39

EPA R3 Residential SSLs

0.39

EPA R3 Industrial SSLs

1.6

EPA R3 Industrial SSLs

1.6

1) Metals samples analyzed by U.S. EPA Office of Environmental Measurement and Evaluation (OEME) using EPA
Region I SOP, EIASOP-INGDVICP1,Metals in Soil Medium Level by ICP; and EPA Region I SOP, EPA Region I SOP
EIASOP-INGMERC8, for Total Mercury in Soil.
2) All results in milligrams per Kilogram (mg/Kg).
3) EPA R3 = U.S. EPA Region III. SSLs = Soil Screening Levels
4) EPA R3 Residential and Industrial Screening Standards are used for comparison purposes only.
5) Bolded and shaded results exceed EPA R3 Residential and/or Industrial Screening Levels.
6) ND = Not Detected.
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Salvage Yard Soil
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Statistics for Action Activities
Facilitator Instructions

Averages: Imagine the Extremes
Activity Overview
Since some EPA regulations are based on an average, a claim like, “Our
emissions are under the limit,” could cover up a potentially hazardous
scenario. Participants imagine numbers and make a graph with low, high,
and middle values that could be represented by the average given. Graphing
the possibilities empowers community members to show an actual or
potentially harmful situation.
When to Use It
When reported results include averages that seem to conflict with suspected
problems.
Suggested companion activities

Skill: Make a case that a harmful or not harmful
situation exists; Unpack an average to show what
extremes an average could hide.
Time: 10-20 minutes
Data set: Provided, or substitute your own
Versions available: Opacity; Soil Composites;
Trihalomethanes in the Drinking Water
Materials & Prep
Copy the participant instructions (1 per pair or
participant).
Calculators

• Follow up with Design a Poster

Graph paper

Steps
1. Launch the activity: People in this community have witnessed problems

with the [air/soil/water], but the data don’t show it. Let’s look at what the
data could be hiding.

2. In pairs or as a group: Follow the directions to create a data set.
3. Debrief:

• What possible readings did you come up with?
• How else could we use data like this?
• What readings are a concern that we should highlight in flyers (or other
outreach materials/conversations/hearings)?
Worth Noting
Averages are more appropriate in some situations than in others. One loud
blast could damage your hearing, but averaged over a year the sound would
seem acceptable.
Below are sample data sets for the Soil Composite version.
Test Pit 1

lead result in mg/kg (ppm)

0-2 feet

450

2-4 feet

350

4-6 feet

25

Test Pit 2

Sample Opacity Readings

lead result in mg/kg (ppm)

0-2 feet

375

2-4 feet

275

4-6 feet

175

Time in Minutes

Smart Moves
• Compare it.
• Play with different ways to show and say it.
© 2010 TERC • Statistics for Action
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Averages: Imagine the Extremes
Opacity

Background
The North Carolina Division of Air Quality regulations require that visible
emissions for hot mix asphalt plants have an opacity* of less than 20%
when averaged over a six-minute period.

Neighbor

Facility Employee

Imagine a scenario where the readings taken by the facility employee agree
with what the neighbor saw.
Directions
1. Describe in words what could be going on.
2. Create a graph to show six opacity observations made at 1-minute
intervals that fit the scenario. (Use the grid provided.)
3. Discuss with your partner: What readings are a concern that you would
highlight in a flyer or in a letter to the editor?
Note: *Opacity means the capacity to block light. Informally we say “thick” smoke. EPA Method 9 - Visual
Determination of the Opacity of Emissions from Stationary Sources requires that more opacity observations be
recorded than in this example: at 15-second intervals for a total of 24 observations over 6 minutes. Violations of
opacity standards indicate hazardous particulate matter.

Averages: Imagine the Extremes
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Opacity
(%)

100
80
60

40
20

0
0

1

2

3

4

5

6

Time (minutes)
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Averages: Imagine the Extremes
Trihalomethanes in the drinking water

Background
EPA regulations require that the average of any four samples of drinking
water have no more than 80 ppb of trihalomethanes.
Iʼm sorry to report that the townʼs November
sample was high in trihalomethanes. Our average
the last two months is above the limit set by the
EPA.

City Worker

Directions
1. Imagine and describe the levels for the year.
2. Create a graph to show four possible trihalomethane levels taken during
the year with an average over 80 ppb.
3. Discuss with your partner: What readings would you mention to
explain your concern to a decision maker, in a letter to the editor, or to a
neighbor?

Note: Trihalomethanes are a toxic carcinogen created when chlorine reacts with water. Decreasing trihalomethanes
in drinking water is easy. Leave the water in an open pitcher for 3-4 hours. (Source: Columbia Missiourian, July 15,
2008 and www.theolivebranch.com/water/trihalo.htm)
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Averages: Imagine the Extremes
Soil Composites

Background
Soil samples are often mixed together into a composite from various
depths. The lab tests the composite sample and reports one level for each
contaminant.
Of course we want to start building
houses on this former industrial
property. All the soil test results came
back below the regulatory limits
established by the state DEP. Look at
the data in the report yourself!
Whatʼs the problem?

Community Member:
These samples are composites.
They are an average and that
doesnʼt tell us enough. Is there
any risk for future residents of
the property?

Two test pits were completed with composite soil samples at various depth and analyzed for lead.
The average is 267 mg/kg, which is below the residential standard in this state (300 ppm).

Directions
1. Create a graph to show the levels taken at 0-2 ft, 2-4 feet, and 4-6 feet.
(You can use graph paper or a calculator.)
2. Discuss: Use your graph and practice explaining your concern to a
decision maker, to a neighbor, or in a letter to the editor.
3. What additional information would be important when looking at this
data? Think about source and exposure.
Averages: Imagine the Extremes
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Statistics for Action Activities
Facilitator Instructions

Averages: Scrutinize the Data
Activity Overview
Participants start with a data set and its average and match them with
common questionable practices in arriving at an average.

Skill: Recognize ways numbers are combined
that undermine the credibility or usefulness of an
average
Time: 30+ minutes

When to Use It
When community members are suspicious of reported results involving
averages. The activity gives participants practice examining data and
identifying common problems before they scrutinize their own data.
Suggested companion activities

Data set: Provided, or substitute your own
Versions available: Air Emissions; Groundwater
Pollution; Truck Trips
Materials & Prep

• Precede with First Look at Test Results; First Look at Claims; Measuring... ;

Copy the participant instructions (1 per pair or
participant).

• Use along with Averages: Imagine the Extremes; Sampling Plans; Scrutinizing the

Cut apart the claims related to that version, and
set out the challenges (see below).

Not Detected

Tables; Sorting Out Units

• Follow up with Design a Poster or Media Talking Points
Steps
1. Launch the activity: People in this community have witnessed problems
with the [air/soil/water], but the averages don’t show it. Let’s look at the
data and see if the way they were figured is possibly giving us a distorted
average.
2. In pairs or as a group: Follow the directions to match a data set with a
questionable method of finding an average.
3. Debrief:

Relevant Challenges and Answers

• What did you do to check the averages?
• Which averages are unacceptable in your opinion?
• Optional: If you were in this community, what would you highlight in
flyers (or other outreach materials/conversations/hearings)?

Not enough data

Truck
Claim

Water
Claim

Asphalt
Claims

4, 5

4

5

5

4

Worth Noting

Too much
variation

6

Averages are more appropriate in some situations than in others. Problems
with averages might be oversights because of money or time pressure. They
are not always a malicious act.

Missed hot spots

2

Removed outlier

3

If you are using local data, be aware that it will be rare to find several errors.
Smart Move
• Seek verification.
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Det. limit too
high

5
1

2

2

Det. limit as 0

6

Recent high

3

Recent low

7

Average
unrepresentative

1

1

Average OK

7

3
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Averages: Scrutinize the Data
Background
An average is one way to talk about a set of data (many numbers) using just
one number. Sometimes that average doesn’t tell the whole story.
Directions
1. You have:
• Claims: slips of paper with a claim about an average, and some
numbers to support the claim
• Challenges: sheets describing ways an average might be deceptive
2. Pick up a claim and read it. Do you think the average represents the data
well? See the challenges for ideas about what to look for.
3. If you find a match, put the claim down on the matching challenge.
Then repeat this for the other claims.

Averages: Scrutinize the Data
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Challenge: “There’s not enough data.”
If there are only a few numbers, an average won’t tell you
much. The average might change a lot with the next number.

Place a data set here if you think it fits the description above.

Challenge: “There’s too much variation.”
If the numbers are all not consistent, an average may not be a
good way to describe them.

Place a data set here if you think it fits the description above.

Averages: Scrutinize the Data
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Challenge: “They didn’t test in the hot spots.”
Challenge: “They didn’t test when the levels were highest.”
There may be places or times of year when the numbers are
much higher. Without them, your average will be too low.

Place a data set here if you think it fits the description above.

Challenge: “They didn’t use the high number in the average.”
If one number is very different from all others, it may be an
“outlier” – a measuring mistake – or it may not be.
If they removed an outlier, they need to explain why.

Place a data set here if you think it fits the description above.

Averages: Scrutinize the Data
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Challenge: “The detection limit is too high.”
There might be contamination at levels of concern, but you
won’t know if the equipment wasn’t sensitive enough to detect
those levels.

Place a data set here if you think it fits the description above.

Challenge: “They used the detection limit like it was zero.”
If contamination is below the detection limit, that doesn’t
mean it’s zero. Data below detection limits should not be
included in the average, or it should be included as if it were
just below detection limits.

Place a data set here if you think it fits the description above.

Averages: Scrutinize the Data
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Challenge: “Average is low, but recent numbers are high.”
The average might be low, but recent high numbers might
mean there is an upward trend.

Place a data set here if you think it fits the description above.

Challenge: “The most recent number is low enough to bring the average
down, but the next one might bring it back up again.”
A company may just keep measuring until they get below the
level of concern and claim they’re done. If the rest of the data is
higher, the low reading may not be typical.

Place a data set here if you think it fits the description above.

Averages: Scrutinize the Data
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Challenge: “An average isn’t what we want here.”
Sometimes the average just isn’t the best summary of the data,
and it’s better to know the median, or the maximum, or some
other number.

Place a data set here if you think it fits the description above.

No Challenge: “This average looks OK.”
Sometimes the average is accurate and there’s no problem with
the numbers at all. Hopefully, this happens most of the time!

Place a data set here if you think it fits the description above.

Averages: Scrutinize the Data
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Claim 1: “The average vinyl chloride level in Well # MZ-17 is below the state groundwater objective of
2.0 µg/L.”
Well #

MZ-17

Vinyl Chloride Levels (in µg/L)

Average

4/1/09

7/7/09

10/1/09

1/3/10

3/31/10

1.0

18

2.5

1.8

1.2

1.6

Claim 2: “The average vinyl chloride level in Well # MZ-17 is below the state groundwater objective of
2.0 µg/L.”
Well #
MZ-17

Vinyl Chloride Levels (in µg/L)

Average

4/1/09

7/7/09

10/1/09

1/3/10

3/31/10

ND <5.0

ND <5.0

2.0

1.2

1.8

1.7

Claim 3: “The average vinyl chloride level in Well # MZ-17 is below the state groundwater objective of
2.0 µg/L.”
Well #

MZ-17

Vinyl Chloride Levels (in µg/L)

Average

4/1/09

7/7/09

10/1/09

1/3/10

3/31/10

0.9

1.1

1.8

2.7

3.0

1.9

Claim 4: “The average vinyl chloride level in Well # MZ-17 is below the state groundwater objective of
2.0 µg/L.”
Well #

MZ-17

Vinyl Chloride Levels (in µg/L)

Average

4/1/09

7/7/09

10/1/09

1/3/10

3/31/10

No data

No data

No data

0.2

3.6

1.9

Claim 5: “The average vinyl chloride level in Well # MZ-17 is below the state groundwater objective of
2.0 µg/L.”
Well #

MZ-17

Vinyl Chloride Levels (in µg/L)

Average

4/1/09

7/7/09

10/1/09

1/3/10

3/31/10

0.1

5.3

0.1

4.1

0.1

Averages: Scrutinize the Data
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Claim 6: “The average vinyl chloride level in Well # MZ-17 is below the state groundwater objective of
2.0 µg/L.”
Well #

MZ-17

Vinyl Chloride Levels (in µg/L)

Average

4/1/09

7/7/09

10/1/09

1/3/10

3/31/10

ND <1.0

3.0

ND <1.0

2.2

3.4

1.7

Claim 7: “The average vinyl chloride level in Well # MZ-17 is below the state groundwater objective of
2.0 µg/L.”
Well #

MZ-17

Vinyl Chloride Levels (in µg/L)

Average

4/1/09

7/7/09

10/1/09

1/3/10

3/31/10

2.4

2.6

2.2

2.4

0.1

Averages: Scrutinize the Data
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Claim 1: “The new landfill has added an average of only ten garbage truck trips per day.”
Average Daily Trucks Counted

Average

Sun

Mon

Tue

Wed

Thu

Fri

Sat

0

40

0

0

30

0

0

10

Claim 2: “The new landfill has added an average of only ten garbage truck trips per day.”
Average Daily Trucks Counted

Average

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

No
data

No
data

12

11

7

6

4

4

12

21

No
data

No
data

10

Claim 3: “The new landfill has added an average of only ten garbage truck trips per day.”
Trucks Counted

Average

May 24

May 25

May 26

May 27

May 28

May 29

May 30

11

12

8

53

7

13

9

10

Claim 4: “The new landfill has added an average of only ten garbage truck trips per day.”
Trucks Counted

Average

May 24

May 25

May 26

May 27

May 28

May 29

May 30

16

16

17

0

0

0

21

10

Claim 5: “The new landfill has added an average of only ten garbage truck trips per day.”
Trucks Counted
Jun 2

Dec 18

2

18

Averages: Scrutinize the Data
©2010 TERC, Cambridge, MA

Average
10

DRAFT

81

Claim 6: “The new landfill has added an average of only ten garbage truck trips per day.”
Average Daily Trucks Counted

Average

Sun

Mon

Tue

Wed

Thu

Fri

Sat

0

25

2

5

14

2

22

10

Claim 7: “The new landfill has added an average of only ten garbage truck trips per day.”
Average Daily Trucks Counted

Average

Sun

Mon

Tue

Wed

Thu

Fri

Sat

0

10

11

9

12

8

10

Averages: Scrutinize the Data
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Claim 1: “The emissions of sulfur dioxide from our asphalt plant are within the permitted average of
700 pounds per month over a 12-month period.”
Sulfur Dioxide Emissions (in Pounds) 2007

Average

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

0

0

0

0

850

1100

1700

2100

1600

840

0

0

683

Claim 2: “The emissions of sulfur dioxide from our asphalt plant are within the permitted average of
700 pounds per month over a 12-month period.”
Sulfur Dioxide Emissions (in Pounds) 2007

Average

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

680

740

490

840

900

480

2800

960

670

500

540

180

635

Claim 3: “The emissions of sulfur dioxide from our asphalt plant are within the permitted average of
700 pounds per month over a 12-month period.”
Sulfur Dioxide Emissions (in Pounds) 2007

Average

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

680

740

490

840

900

480

635

960

670

500

540

180

635

Claim 4: “The emissions of sulfur dioxide from our asphalt plant are within the permitted average of
700 pounds per month over a 12-month period.”
Sulfur Dioxide Emissions (in Pounds) 2007

Average

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

850

180

1100

200

1400

12

2000

100

1400

40

800

0

674

Claim 5: “The emissions of sulfur dioxide from our asphalt plant are within the permitted average of
700 pounds per month over a 12-month period.”
Sulfur Dioxide Emissions (in Pounds) 2007

Average

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

ND*

20

ND*

ND*

ND*

1500

ND*

ND*

80

880

ND*

ND*

620

ND* = No Data

Averages: Scrutinize the Data
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Statistics for Action Activities
Facilitator Instructions

Background Levels: Explore
Activity Overview
Participants identify the background level for lead by testing five samples
from a playground with a magnet. They record and sort results.

Skill: Distinguish between background levels and
contamination caused by a release
Time: 10 minutes
Data set: Provided, or substitute your own

When to Use It
When community members want to make a claim or challenge one related
to background levels (for example, arguing with the potentially responsible
party who claims background levels are high and he is not to blame for
contaminants present on-site).

Version available: N/A
Materials & Prep
Copy the participant instructions (1 per pair or
participant).
Set out a site map. Use the one provided or use
one from a local site.

When clean-up objectives are under discussion.
Suggested companion activities
• Follow up with Assessing Conditions Using Maps
Steps
1. Launch the activity: Testing can give us an idea of the background
levels for contaminants. Let’s determine the background levels in this
simulation of soil testing on a playground. We can talk later about their
usefulness.
2. In pairs: Test the samples for lead. If you find a paper clip, that
represents 100 parts per million of lead. Record the amount you find.
3. Debrief:

• What would you say is the background level of lead [or other
contaminant]?

Fill five shallow containers with sand or sugar to
simulate soil. Bury between one and five paper
clips in each dish. (Use more if you want to create
a hot spot.) Check to confirm the magnet has
enough strength to attract and hold them.
Copy participant instructions and Results Sheet (1
per pair)
Magnet
Paper clips
Shallow dishes
Sugar or sand

• Which method made it easier for you to track the results?
• How do you think background levels could work for us or against us
in our campaign? Could the potentially responsible parties use high
background levels to make a case for minimal clean-up?
Worth Noting
As pairs work, circulate and ask them if there are any hot spots they are
concerned about. Could a clean-up focus on one area, or would the whole
site need remediation?
Smart Moves
• Use your senses.
In 2007, the EPA updated the previously
recommended soil action levels to the new
Hazard Standards of 400 ppm lead in soil for
children’s play areas and 1200 ppm lead in
soil for the remainder of the yard.

• Use friendly numbers.
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Background Levels: Explore
Background
Two levels trigger remediation (or mitigation) for soil: 400 ppm soil lead in
children's play areas, and 2000 ppm in other areas of the yard.
In 2007, the EPA put out new Hazard
Standards of 400 ppm lead in soil for
children's play areas. Iʼm not sure if this
playground is in compliance. Background
levels for soil in this area tend to be high.
http://www.epa.gov/NE/leadsafe/figure2.html
Last updated August 21, 2007 in the Federal Register
(40 CFR Part 745, Lead: Identification of Dangerous Levels of Lead: Final Rule)

Directions
1. Use the magnet to test each “soil” sample. For this test, every paper clip
represents 100 ppm of lead. Hold the magnet very close to the surface to
be find all the paper clips.
2. Fill in the table on the Results Sheet.
(a) Record the lead levels.
(b) Make check marks to compare the amount found to the standard.
3. After you count the paper clips in each container, put them back as they
were.

Background Levels: Explore
©2010 TERC, Cambridge, MA
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Results Sheet
Contaminant: ________Lead___________ On-Site

(a) Record the levels for each sampling spot.
Soil Sample (SS) #

Level

Units

1
2
3
4
5
Background Level appears to be ______

(b) Make a tally mark or X to show how many results you got in each
category.

Contaminant

Lead_ compared to
_Hazard Standard_
of 400 ppm

Less than
or equal
to

Background Levels: Explore
©2010 TERC, Cambridge, MA

More
than the
standard
but not
double

2 x more

Between
2 and
10 x
more

DRAFT

10 x
exactly

Between
10 x and
100 x
more

100 x
exactly

More
than
100 x
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Results Sheet
Levels of _______________________ On-Site

(a) Record the levels for each sampling spot.
Sample #

Level in

Units

1
2
3
4
5

(b) Fill in the comparison amount (e.g., state standard, reporting limit,
background level). Then make a tally mark or X to show how many results
you got in each category.

Contaminant
____ compared to

Hazard Standard
of ___________

Less than
or equal
to

Background Levels: Explore
©2010 TERC, Cambridge, MA

More
than the
standard
but not
double

2 x more

Between
2 and
10 x
more
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10 x
exactly

Between
10 x and
100 x
more

100 x
exactly

More
than
100 x
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Statistics for Action Activities
Facilitator Instructions

Design a Poster
Activity Overview
Participants think of a few ways to compare and represent the numbers.

Skill: Use a statistic and a visual to convey a
problem
Time: 10-30 minutes

When to Use It
When you have a list of findings from test results or an important statistic
about impact to bring to people’s attention
Suggested companion activities
• Precede with an activity that highlights local conditions, e.g.,

Assessing Conditions Before and After; Assessing Conditions by Comparing Levels
(VOCs and Groundwater Objectives); Assessing Conditions by Using Maps; Toxic As…?;
or that offer a percent warm-up such as Percents at a Glance

• Use along with posters featured in First Look at Communicating with Numbers
for ideas

Data set: Provided, or substitute your own
Versions available: N/S
Materials & Prep
Copy the participant instructions (1 per pair or
participant).
Find, type up in large size font, and post one or
more statistics related to the campaign, or use the
one provded.
Markers
Poster board, easel pad paper, or 11˝ × 17˝ sheets

• Follow up with Messaging with Analogies

Optional: Calculators, Graph paper
A health study in Chicago found that
28% of West Town’s children have asthma.
73% of West Town’s children are overweight or obese.
The national asthma rate average is 12%
The national average for obesity is 26%
Steps
1. Launch the activity: We want to give people factual information in a
way that will stick. This is a chance to think artistically and creatively about
how to picture the important information.
2. In pairs or as a group: Review the findings or tell participants where to

find the information.
3. Debrief:

• What picture did you come up with?
• What do the rest of you think is striking? What is working?
• What are the advantages and disadvantages [to each version]?
Worth Noting
You may not gain consensus easily. If not, consider using multiple
representations. Among the public you may also find different reactions.
Smart Move
• Play with different ways to show it and say it.
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Design a Poster
Background
Naked numbers may grab attention, but to make a number stick with
someone, use a statistic with a visual, a photo, graph, analogy, or sketch.
These will make the reader slow down and take in what you are saying.
We need posters
that will stop people
in their tracks.

Directions
1. Consider: What strikes you about these statistics?
2. Think of a few different ways you could make the statistics come to life.
3. Design a poster to make the point.

Design a Poster
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Statistics for Action Activities
Facilitator Instructions

Exposed!
Activity Overview
After reading about four children who
spend time at or near a contaminated place,
participants figure out which child has the
highest exposure to the contaminated site. They
then verify with a calculator.

My buddies and I go
there all the time.

Skill: Use community-based knowledge to inform a
risk assessment
Time: 20-30 minutes
Data set: Provided, or substitue your own

When to Use It
When reviewing or preparing input on a risk assessment. Community
members need to think through the situations that lead to exposure.
Suggested companion activities

Versions: The Orchard (Soil Contamination); The
Park by The Paint Factory (Air contamination); The
	
  
Pond (Water contamination / swimming)
Materials & Prep

Copy the participant instructions (1 per pair or
participant).
Calculator

• Precede with: First Look at Challenging Claims
• Use along with Risk Ranking, Toxic As ... ?

Scrap paper

Steps
1. Launch the activity: Risk assessors calculate all the ways people

could come into contact with contamination. They pay special attention
to children (called “sensitive receptors”). Community members play an
important role by calling attention to how much time children spend near
a contaminated site. If you think people’s behavior is different from the risk
assessors’ assumptions, we need to challenge them. Information about just
one person’s exposure can change the way a site is handled.

2. In pairs or as a group: Read the stories. First, make a guess for which
children are facing the biggest risk in terms of frequency and duration of
exposure. Second, figure it out. Third, check your figures with a calculator
or with someone else.
3. Debrief:

• What exposure pathways were involved?
• How did your guess compare to what you actually calculated?
• Given what we just discussed, what are important next steps for us?
Worth Noting
Risk assessors will base their exposure estimates on how they think people
use a particular area. If people’s actual use is more frequent or more intense,
they need to know. If community members do not have exact figures for use
or intensity, they can estimate “no more than ...” or “not less than ...”.
EPA talks about risk in terms of “Average Daily
Exposure.” See the example about Sofia’s exposure.
Smart Moves
• Seek verification.
• Talk it out.

© 2010 TERC • Statistics for Action

Sofia’s average daily
exposure is 5 minutes x 180
days or 900 minutes. Divide
900 minutes by 365 to find
out the average over the
whole year. It’s between 2
and 3 minutes a day.
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“... Understand that the risk assessment
only covers where the contamination
is. If they [environmental consultants]
have sampled a pond near a hazardous
waste site and found the contamination
hasn’t gotten into the pond, then the risk
assessors won’t, and don’t have to and
really shouldn’t, do a risk assessment for
people swimming in the pond.”
—Andy Friedmann, MA Dept of
Environmental Protection

90

Exposed!
Background
When the EPA does a risk assessment, they will want to know how much
exposure people have to contamination. Longer exposures usually mean
more risk.
Directions
1. Read the story on the handout.
2. Which child do you think has the most exposure to contamination?
3. Guess first, then calculate it.

Exposed!
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Exposed!
The Orchard (Soil)
PP Arsenic is very
dangerous. Weʼre
worried about the
arsenic levels
on the
orchard
property.

My buddies
and I go there
all the time.

Parent

Rodrigo

What would you say is
the highest number of
hours per
year that
children
spend in
the
orchard?

Risk Assessor

1. Which child spends the most time in the orchard?
2. Guess first, then calculate it.
Rodrigo

Sofia

Played in the orchard for 6 hours every
day on his 6-day spring break. Also came
to the orchard to pick apples for about a
half hour, about 5 times in October.

Walked through the orchard every day
going to and from school. It takes her
about 5 minutes to cross the orchard
going one way. There are 180 school
days per year.

Ellen

David

Sat beneath her favorite tree in the
orchard for about 2 hours a day on warm
days in the summer, which was about
half of the days during her 12-week
vacation.

Goes jogging around the orchard for
about a half hour each weekday morning,
about 8 months per year.

Exposed!
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Exposed!
The Park by the Paint Factory (Air)
The paint factory is very
close to the park our
children play
in. There
are VOCs
in the air in
that area.

My buddies
and I play ball
in that park
all the time.

Parent

Rodrigo

What would you say is
the highest number of
hours per year
that children
spend in
that park?

Risk Assessor

1. Which child spends the most time in the park?
2. Guess first, then calculate it.
Rodrigo

Sofia

Played in the park for 6 hours every day
on his 6-day spring break. Also went
there for eight 2-hour baseball games
over the summer.

Walked through the park every day going
to and from school. It takes her 5
minutes to cross the park going one way.
There are 180 school days per year.

Ellen

David

Sat beneath her favorite tree in the park
for about 2 hours a day on warm days in
the summer, which was about half of the
days during her 12-week vacation.

Goes jogging around the park for about a
half hour each weekday morning, about
8 months per year.

Exposed!
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Exposed!
The Pond (Water)

They found arsenic in
the pond near our house!
So many neighborhood
children swim
there. Are
they at
risk?

My buddies
and I swim
in that pond
all the time.

Parent

Rodrigo

What would you say is the
highest number of hours
per year that
children
spend in
that
pond?

Risk Assessor

1. Which child spends the most time in the pond?
2. Guess first, then calculate it.
Rodrigo

Sofia

Swam in the pond for 4 hours every day
on his 6-day visit with his relatives.

Took swimming lessons every Monday,
Wednesday, and Friday for 9 weeks in
the summer.

Ellen

David

Sat with her feet in the pond for about 2
hours a day on warm days in the
summer, which was about half of the
days during her 12-week vacation.

Swims laps in the pond for about a half
hour each weekday morning, about 5
months per year.

Exposed!
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Statistics for Action Activities
Facilitator Instructions

Health Data
Activity Overview
Participants respond to guiding questions to interpret data gathered from
body burden studies, cancer registry data, and/or surveys. Then participants
make statements they believe are supported by the the data.
When to Use It
When choosing a health study design; when exploring the type of data a
health study could yield.
Suggested companion activities
• Precede with First Look at Health Studies (in development); Percents at a Glance
Steps
1. Launch the activity: Health studies often rasie as many questions as
they answer. Taking time to consider the sort of data and findings from a
study can help us decide what we could get out of a study if we chose that
same type.
2. In pairs or as a group: Follow the directions to make sense of the data
presented. Add your ideas about statements you could make based on the
data to the list.
3. Debrief: Have a volunteer to read one or more of the statements from

the list.

• What was your process for coming up with a statement supported by
the data?
• What are important questions the data answer?
• How could we use data like this? How could data like this be used
against us?

Skill: Interpreting health study data; connecting
health study data to a campaign message
Time: 20 minutes
Data set: Provided, or substitue your own
Versions available: Body Burden Studies, Mapping;
Surveys
Materials and Prep
Copy the participant instructions (1 per pair or
participant).
Make color copies of data from health studies
Title recording sheets (where participants list and
star statements). Add a statement or two to each
one so that participants have an idea what to write
and have more choices of statements to rank.
For Survey Shows ...
Gather tiles, poker chips, paper clips or other items
in 3 colors.
Fill one container with a cover with 100 items. Base
the rate on the data set you are using. For the data
provided, use:
83.% color tiles represent people who are well
14% color tiles represent people ill but able to
work
3% color tiles represent people ill and unable to
work
Fill in the KEY on the recording sheet and instruction
page

Worth Noting
Since it is rare for health studies to yield unequivocal results, talk through
how data could be interpreted in support of and against the community.
Smart Moves
• Talk it out.
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wouldn’t be sick and on
disability. There should be a
way to prove that.
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Health Data
Mapping Cancer by County
Cancer rates in our state are
higher than the national
average. Is that true for
every county in the state?

Background
The U.S. government keeps track of cancer in
every state: how many people get cancer, what
kind of cancer, and how many die from cancer.
The data help you compare cancer rates in
different places within a state, between states, or to
the national average.
Directions
1. Review the map showing one kind of cancer by county.
2. Make two statements based on the map and add them to the list below.
Star the statement that seems most important to you.
3. Use the map to find out:
a) Are the highest cancer rates in a certain area of the state, or are they
spread out?
b) How many counties have rates higher than the national average?
c) Do any have rates twice as high as the national average? Or ten times?
4. What questions do you have based on the map that need further
research? Add your questions to the list.

Health Data
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Health Data
Pancreatic Cancer in Tennessee, 2003–2007

Health Data
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Health Data
Recording Sheet: Mapping Cancer by County

Add your statements to the list. Put a * next to the most important point.
Cancer rates vary a lot across the state.
The rate varies by county in spite of differences in age, sex and race.
The death rate from pancreatic cancer is higher in the southwest corner of
the state than the national rate.

Add your questions to the list.
What’s going on in the areas with suppressed data?
Which counties have Superfund sites and how many?

Health Data
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Health Data
Body Burden Study from Toxic Exposures in Vermont

Background
Vermont residents are among the healthiest in the nation if you look at
some statistics. What about evidence of toxins in their
bodies? Six Vermont residents gave hair, fingernail,
Iʼm surprised and
disturbed to hear about
blood, and urine samples. The samples were
the elevated amounts …
analyzed for toxins like mercury and
bisphenol A, a chemical used in water
bottles.
Directions
1. Look over information about the six
people tested. Before you look at the
graphs, make a hypothesis: will the levels
be about the same for all six? If not, who
will have high levels and who will have low levels for each contaminant?
2. Check the graphs. Any surprises?
3. Look at the range—the highs and lows—on each graph to find out:
a) Which person has had the most exposure to a single chemical? About
how many times average is that?
b) Which person do you think has had the most exposure to all three
chemicals?
c) What chemical(s) seem to be the biggest problem for these people?
4. What statement about the data would you make to lawmakers? Add
yours to the list.

Health Data
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Health Data
Body Burden Study from Toxic Exposures in Vermont

1) Aaron, 19, lifelong VT resident. Musician
and writer who grew up in a forested area.

2) Jim, 60, runs a nonprofit with an education
and recreation mission. Jim grew up on a
dairy farm.

Photo Not
Available

3) Rich, 60, retired manager with the state.
Spends time hiking and camping

4) John, 77, is a retired pediatrician who has
lived in VT for 45 years

5) David, 40, has been an organic farmer for
15 years, and a VT resident for 20.

6) Katy, 36, is a teacher, writer, parent, and
activist.

Health Data
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Health Data
Recording Sheet: Body Burden Study

Add your statements to the list.
Put a * next to the most important point.
Bisphenol A is something that affects everyone.
The organic farmer has no pesticides in his body, but
high levels mercury and bisphenol A.

Add your questions here.
Does no bar mean no level detected, in the person, or
does it mean a sample wasn’t collected?

Health Data
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Health Data
Survey Shows …
If I lived elsewhere,
I probably wouldnʼt be sick
and on disability.

Background
It’s a challenge to show that one community is suffering more than another
from environmental health effects. Some communities use surveys to
document conditions in their area.
Directions
1. Each tile represents a person living in the community. Without looking,
take a sample of ten tiles from Sometown.
2. Record your results under Sample 1. Return the tiles to Sometown and
mix them well.
3. Repeat steps 1 and 2 two more times. Record results under Sample 2
and Sample 3.
4. Consider the results.
a. Are they the same or different? More, less, or the same than the rate
from your first sample? Why do you think so?
b. Enter your predictions for a fourth sample.

Health Data
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Health Data
Recording Sheet: Survey Shows…
KEY
Color

Health Status
Well
Sick but able to work
Sick and unable to work

Illness Rates in
Sometown

Sample 1

Sample 2

Sample 3

Prediction!
Based on the samples,
what would you expect?

Well
Sick but able
to work
Sick and
unable to work
Five County
Rates

83% Well
15% Ill but able to work
1% Ill and unable to work

Health Data
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Statistics for Action Activities
Facilitator Instructions

Measuring
Activity Overview
Participants develop a grasp of the measurement units commonly used in
environmental testing through hands-on weighing and measuring.

Skill: Understand and use units such as milligrams
and cubic meters
Time: 10 minutes or less

When to Use It

Data set: N/A

When interpreting documents such as environmental test results or
ToxFAQs that give amounts in unfamiliar units.

Versions available: Cubic Meters, Grams,
Kilograms, Liters

Suggested companion activities

Materials & Prep
Copy the participant instructions (1 per pair or
participant)

• Precede with First Look at Test Results
• Use along with Messaging with Analogies

Enlarge and post a regulatory limit using the unit in
context, such as:

Steps
1. Launch the activity: Test results come back referring to units most of

us don’t see very often. Take some time to develop your feel for these so you
can picture the amounts in the reports and explain them to others.
2. In pairs: Find out how big these units are. Give an overview of what is in

the room for them to use.
3. Debrief:

• What did you notice?

The residential limit for ingesting benzene is 12
mg/kg.
for 1 g—digital scale sensitive to 0.1 g
for m3—Meter long dowels (minimum 12) and
connectors or sturdy tape. Alternatively, ask
participants to mark a meter high, wide, and deep
using a corner in the room and some colored tape.
for kg—Digital scale sensitive to 1 g and able to
weigh at least up to 2 kg

• What was confusing?
• How would you explain [unit] to a friend or neighbor?
Worth Noting

for l—Set out vessels of various volumes like water
bottles and soda bottles. 1 L graduated measuring
cup

To give the measurement units meaning, let participants know: We take in
about 6 to 10 liters of air per minute. During heavy exercise, that amount
can go up to 100 liters per minute or more.
The two-liter soda bottle is such a prevalent item that many people may be
surprised at the size of one liter. Equally or more surprising may be that one
liter can fit in a cube 100 centimeters in width, height, and depth. Pointing
this out may make it easier for some people to see the relationship between
parts per million (100 × 100 × 100 = 1,000,000) and mg/L.
Smart Moves

(from Risk, by David Ropeik and George Gray.
Houghton-Mifflin: 2002, p 449).

• Use your senses.
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Measuring
Cubic Meters

Background
Many standards for air quality use cubic meters, also written as m3.
	
  
	
  

Iʼve heard we take in about a cubic
meter of air every two hours.
But how big is a cubic meter?

Directions
1. Build a cubic meter (m3).
2. Measure a meter against your body. About how tall or wide is it?
3. Find something in the room that takes up about a cubic meter of space.
For example, how many file cabinets would fit in the space?
4. Estimate how many cubic meters would fit in the room.

Measuring
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Measuring
Liters

Background
Standards for water quality are based on milligrams or micrograms per liter.

Our test results showed amounts of
lead per liter of drinking water.
But how much is a liter?

Directions
1. Find a container in the room that holds one liter.
2. Fill it with water. Use a measuring cup to find out if it is a liter,
more or less.

Measuring
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Measuring
Grams and Smaller

Background
Standards for soil and water quality are based on milligrams (mg) or
micrograms (µg) of a contaminant.

Iʼve heard of milligrams. My
meds come in milligrams, is a
microgram smaller than that?

1,000 times smaller. Itʼs a fact.
And a microgram is 1,000,000
times smaller than a gram.

Directions
1. Look around the room, in your pockets, bags, or purses and find
something that weighs 1 g. Leave it on the table.
2. Find something that weighs 0.1 g. Leave it on the table.
3. Based on this, how would you describe a milligram? Would it be
visible?
4. How would you describe a microgram? Would it be visible?
5. Using the objects you found, state a mg/g relationship. Then try one
for µg/g.
A thousandth of the paperclip weighs one milligram.
A millionth of the pen cap is a microgram.

Measuring
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Measuring
Kilograms

Background
Standards for soil quality are based on milligrams or micrograms per
kilogram.
How heavy would a kilogram
be? Is it more than my
computer? Less than a
coffee cup?

I can tell you, a kilogram is 1,000
times heavier than a gram.

Directions
1. Find an item in the room that weighs a kilogram.
2. Use a scale to check yourself. (If the scale only measures in pounds, you
are looking for 2.2 pounds.)
3. Using the objects you found, state a g/kg relationship, then try one for a
mg/kg relationship.
A thousandth of the cantaloupe that weighs 1kg is a gram.
A millionth of a cantaloupe is a milligram.

Measuring
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Statistics for Action Activities
Facilitator Instructions

Media Talking Points
Activity Overview
Participants summarize their findings and highlight important statistics
using sentence starters for media talking points.

Skill: Convey a numerical message with persuasive
comparisons
Time: 20+ minutes
Data set: Provided, or substitue your own

When to Use It
When the group has identified the points they want ot bring to the public’s
attention and are ready with the numbers to back up their opinions, come
up with soundbites.
Suggested companion activities
• Precede with Assessing Conditions Before and After; Assessing Conditions Using
Maps; or Assessing Conditions by Comparing Levels; Toxic As ...?;
• Use along with or follow up with Messaging with Analogies; Messaging by
Scaling Up and Down; Design a Poster

Versions available: N/A
Materials & Prep
Copy the participant instructions (1 per pair or
participant)
Have on hand the group’s work with test results to
date, e.g., any charts, maps, brainstormed lists of
concerns, or other documents where individuals or
the group have recorded important findings.
Copies of Media Talking Points, Sample Statements

Steps
1. Launch the activity: We have findings and a set of concerns. Drafting

talking points will help us keep the focus on what is important to the
campaign goals.

Divide up the list (if there is a lot of content) and ask participants to work
with a partner.
2. In pairs: Choose and complete at least two of the statements as a way to

present findings publicly.

3. Debrief:

• How does the statement read? Does it need anything to make it more
complete, memorable, or persuasive?
• If we were going to add an analogy, which part of the statement should
we try to make more visual?

Media Talking Points
Some readings have been as high as ten
times the limit.

Worth Noting
This activity offers an opportunity for participants to frame results with
a multiplicative comparison (such as twice as high as ...), an additive
comparison (x amount over the standard), a percent of increase (50% more
than ...) or an order of magnitude (100 × ...)

The most recent test result for VOCs in one
spot was 120% higher than April’s reading.

Smart Moves
• Play with different ways to show and say it.
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Media Talking Points
Background
To get your point included in media coverage of a local issue, tell your
story with numbers. Steve Ross, a former professor at Columbia
University’s School of Journalism says, “... Ever since I’ve been in the
business, the editor will come down to you and say, add a number, it builds
credibility—got to have a number in there.”
http://www.onthemedia.org/transcripts/2010/07/30/05

Directions
Choose one or more ways to include statistics in your talking points.
1. The legal limit for the contaminant _________ is ___________, but
our results show levels as high as _____________ in the soil/water/air.
2. Some readings have been as high as _________ times the legal limit.
3. One month it’s _______ times the limit, the next reading is ______ times the
limit. The results are fluctuating so much we need to continue testing until the
readings stabilize for a year or more.
4. The most recent reading was ____% of the first reading. Progress is too slow. We
need a better strategy.
5. We question the results because our numbers show …

6. We have noticed the following inconsistencies in the data ….

Media Talking Points
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Statistics for Action Activities
Facilitator Instructions

Messaging by Scaling Up and Down
Activity Overview
Participants read examples of dull facts turned into memorable messages,
and practice doing the same.

Skill: Scale amounts up and down to make a flat
environmental fact memorable.
Time: 15 minutes

When to Use It

Data set: Provided or substitute your own

When shaping messages and talking points that will make the public take
contamination or other problems to heart.

Materials & Prep

Versions available: N/A
Copy the participant instructions (1 per pair or
participant)

Suggested companion activities
• Precede with A First Look at Communicating with Numbers
• Use with Assessing Conditions (any or all), Toxic As...?, Messaging with Analogies
• Follow up with Media Talking Points, Make a Poster

Copy the explanations (1 set per 3 people)
Calculators
Web access for conversion calculators and for
web research on dimensions or volume

Steps
1. Launch the activity: In my experience, the media and others will pick

up on and remember statistics that give the number some context. The
more the statistics relate to something people know first-hand, the more
likely they are to stick with people.

2. In pairs: Read the fact and the three ways to say it. Pick the one that is

likely to stick with you. Read the reasoning behind it. Then come up with
your own statement.

3. Debrief:

• How did that go? Was it fun, challenging?
• What did you come up with? How did you settle on a comparison?
• Which statements do you think are likely to stick with our audience?
Worth Noting
Some conversions are a matter of multiplying or dividing by 10 or some
other factor. Milligrams to grams operate along the same scale. However,
if you opt to move from weight to volume, beware. You will need to adjust
based on the weight of your contaminant. A teaspoon of mercury and a
teaspoon of water are the same volume, but not the same weight.

Did you realize Just 1 teaspoon
of mercury can poison all the
water a family of 4 would use in
63 years.

Smart Moves
• Use friendly numbers.
• Play with different ways to show and say it.
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Messaging by Scaling Up and Down
Background
If you want to turn a boring fact into a message that will stick with people,
you have to think creatively and compare it to something familiar.
Directions
1. Read the fact below, and the three different ways of saying it.
2. Which is most likely to stick with you?
How do you think they got from the fact to their statements?
What outside information do you think they needed?
3. Read the reasoning that led to the statement you chose.
Does anything surprise you?
So what??
Just one drop
4. Come up with your own statement based on the fact.
of mercury is
so poisonous…

The Fact
“The maximum contaminant level for mercury in
drinking water is 2µg/L.”
Ethan says

Sara says

Martha says

“Just one drop of
mercury can poison
enough water to fill
10 big tanker trucks.”

“Just 1 teaspoon of
mercury can poison all
the water a family of 4
would use in 60 years.”

“A pound of mercury
could contaminate the
water in 80 million
toilet flushes.”

Messaging by Scaling Up and Down
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Messaging by Scaling Up and Down
Ethanʼs Explanation

“Just one drop of mercury can poison enough water
to fill 10 big tanker trucks.”
Amount of
Mercury

Amount of
Water

Strategy

Knowledge

2 µg

1 Liter

Started with this

MCL is 2µg/L

2,000,000
µg

1,000,000
Liters

µg is too small. I’ll scale it up by
multiplying both sides by
1,000,000

2g

1,000,000
Liters

Now I can convert µg to g

1g

500,000 Liters

Let’s make it one gram.
Divide both sides by 2.

1g

131,579
gallons

Change liters to gallons

1 gallon = 3.8 Liters

0.0739 cm3

131,579
gallons

How big is a gram of mercury?
Online I found out how many
grams of mercury is in a cubic
centimeter (cm3) and converted.

Density of Mercury
is 13.534 g/cm3

1.478 drops

131,579
gallons

A drop seems more familiar than a
cm3. I’ll convert.

There about 20
drops per cm3

1 drop

89,000 gallons

Normalize it to one drop.
Divide both sides by 1.478

About 10
tanker trucks

89,000 is too big a number to
imagine. I found a more familiar
large-volume unit, and then
rounded off

1 drop

Messaging by Scaling Up and Down
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Messaging by Scaling Up and Down
Saraʼs Explanation

“Just 1 teaspoon of mercury can poison all the water
a family of 4 would use in 60 years.”
Amount of
Mercury

Strategy

Amount of
Water

I started with the fact that 2 µg can
contaminate 1 liter of water

2 µg

1 liter

µg is too small. I’ll scale it up by multiplying
both sides by 1,000,000

2,000,000 µg

1,000,000 liters

Now I can convert µg to g

2g

1,000,000 liters

How much space does that mercury take up?
Each milliliter of mercury is 13.534 grams.
Divide 2 by 13.534.

.148 ml

1,000,000 liters

Let’s make it a teaspoon.
1 teaspoon is 4.92 milliliters.
I only have .148 ml, so I multiply both
quantities by 33 to get 4.92.

1 teaspoon
(= 66 grams of
mercury)

33,000,000 liters

Gallons of water are more familiar than liters.
Change liters to gallons. 1 gallon = 3.8 Liters so 1 teaspoon
I’ll divide 33 million by 3.8

8,684,000 gallons

8,684,000 gallons is too big to imagine. The
EPA website says “The average family of four
can use 400 gallons of water every day.” To
state the amount in terms of one family’s water
use: I divided 8,684,00 by 400 gallons.

1 teaspoon

Water used by a
family of 4 in
21,710 days

1 teaspoon

Water used by a
family of 4 in 60
years

21,710 days is too big to imagine. I divided by
365 to get the amount used per year.

* http://www.epa.gov/WaterSense/pubs/indoor.html

Messaging by Scaling Up and Down
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Messaging by Scaling Up and Down
Marthaʼs Explanation

“A pound of mercury could contaminate the water
in 80 million toilet flushes.”
2µg/L is the same as .000002 g/L
I want to know what it would look like if it were kilograms of mercury.
A billion micrograms make one kilogram.
• So multiply by a billion and you have 2Kg of mercury could
contaminate a billion liters of water.
I don’t like those numbers. Too big. What’s a kilogram? 2.2 pounds.
• Divide by 2 and you get a little less than a pound of mercury that
could contaminate half a billion liters of water.
How do I write that?
• One billion has 9 zeroes. 1,000,000,000 so half a billion is
500,000,000 or 500 million liters.
I wonder how many times you’d have to flush a toilet to flush 500
million liters.
Low flow toilets use 6 liters of water.
• Divide 6 into 500,000,000 is 83,333,333 flushes. We’re just using
ballpark numbers, though, so call it 80,000,000.
So if I had a pound of mercury, 80,000,000 flushes would not take care
of it. I’d still have some residue.

Messaging by Scaling Up and Down
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Statistics for Action Activities
Facilitator Instructions

Messaging with Analogies
Activity Overview
Participants consider analogies for units commonly found in environmental
science. They choose which analogy best completes a statement: “[A part
per million? That’s like ...”]. Then they check their guesses.

Skill: Estimating and verifying the size of
commonly-used units. Using analogies to
compare those units to familiar things.
Time: 10 minutes
Data set: NA

When to Use It
When a group seeks to understand or communicate very large or very small
numbers.
Suggested companion activities

Versions available: Acres; Parts per Million; Parts
per Billion; A Billion Dollars; Grams; Tons
Materials & Prep

• Precede with A First Look at Environmental Test Results or A First Look at

Copy the participant instructions (1 per pair or
participant)

• Use with Measuring and Messaging by Scaling Up and Down

Choose and make double-sided copies of the
versions with the units that are most relevant to
your group (1 per 10 participants)

Communicating with Numbers

• Follow up with Design a Poster and Media Talking Points

Copy the Take Home sheet (1 per participant)

Steps
1. Launch the activity: Some numbers and units are too big or too small

for people to understand. If we want people to understand and remember
our points, we need to compare our data to things people already know.

2. In pairs: Look at the sheets and take a guess. Commit to an answer

before turning the page over to check.

3. Debrief:

• What kinds of analogies will be helpful given the data we have?
Worth Noting

It’s like a drop of ink in...

Many analogies are unscientific and imprecise. For example, backyard pools
are a variety of shapes and sizes, so a drop in a pool may not always be one
part per billion. These analogies build understanding and make a story
more memorable for the media and decision-makers. Be cautious about
using them in legal or scientific settings where exact numbers are expected.
Smart Moves
• Compare to what you know.
• Seek verification.
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Messaging with Analogies

Background
When you have numbers or units that are
hard to understand for your audience,
compare them to something they already
know.
To make your point stick, the comparison
should be both familiar to your audience and
accurate.

How much
did you say?

Directions
For each of the units:
1. Read the scenario.
2. Choose the best answer.
3. Turn over the page to check.

Messaging with Analogies
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Messaging with Analogies
Whatʼs an acre?
The regulation says that I
can use 1/10 pound of
malathion for each acre.

Hold on, buddy. You can
only use a quarter of that
on a vegetable garden.

But what is an acre? Is it like…
A

B

C

A football field?

The area of Rhode Island?

An average Home Depot?

Choose the closest answer. Then turn over the page to check your guess.

Note: Malathion is an insecticide that is widely used in agriculture. The EPA has set a maximum rate of 0.023 pounds
per acre for homeowner vegetables, and 0.1 pounds per acre for outdoor yards.
http://www.epa.gov/oppsrrd1/REDs/malathion_red.pdf

Messaging with Analogies
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And the answer is…
A

A football field

An acre is 43,560 square feet. A football field
without the end zones, is about 48,000 square feet.
So an acre is a little less than that (about the same
as the area between the two 5-yard lines.) The acre
was originally the amount of land that one man
could plow in one day with one ox.

Not so close:
The average Home Depot store is 130,000 square feet, about 3 acres.
The area of Rhode Island is 776,957 acres.

Messaging with Analogies
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Messaging with Analogies
Whatʼs a part per million?
Wow! 0.10 parts per
million? The EPA
standard is only 0.010
parts per million.

Our results show
arsenic in the
drinking water.

But what’s a part per million? Is it like a drop of ink in…
A

B

C

A large kitchen sink?

A cup of water?

D

A swimming pool?
A gallon of water?

Choose the closest answer. Then turn over the page to check your guess.
Note: One part per million (ppm) is 1 part per 1,000,000 parts. The EPA uses parts per million (ppm) in most of their
literature for the National Primary Drinking Water Standards. The maximum contamination level (MCL) for arsenic is
0.010 ppm. Thatʼs the same as 10 µg/L (micrograms per liter).

Messaging with Analogies
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And the answer is…
A

A part per million is like 1 drop of ink in a large
kitchen sink.

A large kitchen sink

A large kitchen sink is about 13-14 gallons. There
are 100 drops in one teaspoon, and 768 teaspoons
per gallon.

Some other things that are one part per million are…
One drop in the fuel tank of a mid-sized car
One inch in 16 miles
About one minute in two years
One car in a line of bumper-to-bumper traffic from
Cleveland to San Francisco.
One penny in $10,000.

Messaging with Analogies
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Messaging with Analogies
Whatʼs a part per billion?

Our results show
cadmium in the
drinking water.

Wow! 5 parts per
billion? The EPA
standard is only 3
parts per billion.

But what’s a part per billion? Is it like a drop of ink in…
A

B

A large kitchen sink?

A bathtub?

C

A swimming pool?

D

A lake?

Choose the closest answer. Then turn over the page to check your guess.

Note: One part per billion (ppb) is 1 part per 1,000,000,000 parts. The EPA has set the maximum contaminant level
(MCL) for cadmium at 3 micrograms per liter (3 µg/L) which is the same thing as 3 parts per billion (ppb).

Messaging with Analogies
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And the answer is…
C

A swimming pool

A part per billion is like 1 drop of ink in a 14,000gallon backyard swimming pool.
There are 100 drops in one teaspoon, and 768
teaspoons per gallon. Backyard pools vary in size
but most are on this order of magnitude.*

Some other things that are one part per billion are…
1 car in a line of cars that goes around the Earth
100 times.
About three seconds out of a century.
One penny in ten million dollars.
One grain of sand in a sand box.

* An order of magnitude is usually measured by powers of ten. So in the example
above, a pool might not be exactly 14,000 gallons, but it is closer to 14,000 gallons
than it is to 1,400 gallons or 140,000 gallons, so it is on the order of magnitude of
14,000 gallons.

Messaging with Analogies
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Messaging with Analogies
Whatʼs a billion dollars?
We need to
clean the
polluted water in
Minnesota.

Thatʼs going to
cost about 3
billion dollars.

But what’s a billion dollars? Is it like…
A

B

C

$1 for every minute in
your lifetime?

The Department of Defense
budget for 2010?

A plane ticket for
everyone in the
Minneapolis metro area?

Choose the closest answer. Then turn over the page to check your guess.
EPA fact: “State officials estimate that somewhere between 30 and 40 percent of Minnesota's lakes and rivers are
significantly polluted. Since Minnesota has nearly 12,000 lakes, and almost 70,000 miles of rivers and streams, the
cleanup cost is hard to comprehend...Assistant PCA Commissioner Lisa Thorvig offers up a staggering guess: "We
estimated a need of about $3 billion to clean up our lakes and rivers and streams from non-point source pollution."
http://news.minnesota.publicradio.org/features/2005/10/10_postt_impairedcleanup/
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And the answer is…
C

A billion dollars is $1,000,000,000.
The population of the Minneapolis/St. Paul metro
area is 3,269,814 (2009 estimate). $1 billion could
buy them each a $300 plane ticket.
A plane ticket for
everyone in the
Minneapolis metro area

Not so close
$1 for every minute in your lifetime would add up to only $40 million –
which is only 4% of a billion dollars.
A billion dollars is less than 1% of the $533.8 billion budget for the
Department of Defense in 2010.
Other things that are worth a billion dollars…
About what it would cost to buy 4,000 new homes in the US in 2009.
(Median home price: $216,700, Average = $270,900)
About what it would cost to buy 35 thousand new cars in 2009 in the US.
(Median cost of a new car = $28,400)

Messaging with Analogies
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Messaging with Analogies
Whatʼs a gram?
The test results
show that thereʼs
dioxin in the water.

Oh no! According to the
EPA, just 1 gram of
dioxin is enough to
contaminate 8.8 billion
gallons of water.

But what’s a gram? Is it like…
A

A grain of sugar
(ignore the ant)

B

C

D

A packet of
artificial sweetener

A cup of sugar

A 5 lb. bag
of sugar

Choose the closest answer. Then turn over the page to check your guess.

Messaging with Analogies
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And the answer is…
B

A packet of artificial sweetener is about one gram.

A packet of
artificial sweetener

Other things that weigh about one gram…

A large paper clip

15-20 drops of water

A one-dollar bill

Messaging with Analogies
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Messaging with Analogies
Whatʼs a ton?

In 2008, Americans
generated 250
million tons of trash.

Yikes! Thatʼs
nearly a ton of
trash per person.

But what’s a ton? Is it like…
A

B

C

A Harley-Davidson?

A VW Bug?

A Hummer?

D

A dump truck?

Choose the closest answer. Then turn over the page to check your guess.
Note: A ton is 2,000 pounds. In 2008, Americans generated about 250 million tons of trash and recycled and
composted 83 million tons of this material, equivalent to a 33.2 percent recycling rate. On average, we recycled and
composted 1.5 pounds of our individual waste generation of 4.5 pounds per person per day.
http://www.epa.gov/wastes/nonhaz/municipal/pubs/msw2008rpt.pdf
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And the answer is…
B

The 1967 model weighed 840 kg (1,900 lb), which was
a typical weight for a European car at the time.

A VW Bug

Other things that weigh about one ton…

10 men

½ cubic yard of concrete

4 motorcycles, each weighing about 500 pounds

Messaging with Analogies
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Messaging
g g with Analogies
g
Unit of Measure

Also similar to...

one gram (g)

a large
paper clip

the weight of the
contents of a small
packet of sweetner
one ton (T)
the weight of 3 large
motorcycles (like a
Harley-Davidson Fatboy)

the weight of
10 men

one kilogram (kg)
the weight of the contents
of a liter bottle of soda

a Major League
baseball bat

one acre (ac)

1/3 the size of
a Home Depot

a bit more than 3/4
of a professional
football field
one part per million
(ppm)
a drop of ink in a
large kitchen sink

a drop of gas in
the (13-14 gallon)
tank of a
compact car

one part per billion
(ppb)
a drop of ink in a
swimming pool

one grain of
sand in a
sandbox

one million dollars ($)
the combined annual
income of about 20
American households

the cost of
35 new cars
in the U.S.
in 2009
DRAFT
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Statistics for Action Activities
Facilitator Instructions

Not Detected
Activity Overview
In order to find a scale’s detection limit, participants add objects to the scale
until the reading changes.
When to Use It
When a contaminant you expected in test results is ND or not detected.
As a warm-up or quick station to visit when working on interpreting test
results.
Suggested companion activities
• Precede with First Look at Test Results
• Use along with Measuring; Assessing Conditions by Comparing Levels; Averages:
Scrutinize the Data; SfA Guide to Soil Testing: Digging into the Dirt

Steps

Skill: Understand and explain issues of instrument
sensitivity in testing
Time: Less than 10 minutes
Data Set: N/A
Versions available: NA
Materials & Prep
Copy the participant instructions (1 per pair or
participant).
Gather light objects in quantity, e.g., paper clips,
foam packing peanuts
Set out 1 or more digital scales, ideally sensitive to
different amounts.
Optional: Enlarge and post a summary table or lab
test results with ND as one of the findings

1. Launch the activity: We want to know how much of various

contaminants we have, but sometimes the the results say ND. Get a feel for
what that could mean.

2. As a group or in pairs: Test out the sensitivity of the scales. Add objects
one-by-one to the scale until the reading changes.
3. Debrief:

• How much can you add while still being ND?
• How should we interpret it when we see ND?
• ND is one way labs indicate “not detected.” Has anyone seen other ways?
Worth Noting
Any equipment designed to measure has limitations. A scale can max out or
not register anything at all. Laboratory Detection Limits (LDLs) are noted
in different ways. Besides ND, you might see:
• 5* meaning below 5, as explained in
a footnote
• U meaning Under the LDL
On lab test results you may see “RL” or
“Reporting Limits.” This tells you the
number below which the lab’s results are
not reliable

< symbol means
less than the
laboratory
detection limit,
so nothing
was detected

JC)O-3
<0.001
0.008
<0.001
<0.020

Smart Moves
• Use your senses.
• Compare to what you know.
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Not Detected

Background
Toxic contamination is measured by scientific equipment. All measurement
equipment has limits. A scale can max out or register nothing at all. The
wrong scale or the wrong setting means a lab could miss contaminants in
the sample.
Directions
1. Turn on the scale. If it reads zero, it means nothing is detected.
2. One by one, add things to the scale until the scale reading changes.
What would you say is the detection limit of this scale?

Not Detected
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Statistics for Action Activities
Facilitator Instructions

Percents at a Glance
Overview
Participants use visuals to estimate amounts in percents and fractions.

Skill: Make quick assessments of quantities
depicted on maps and graphs
Time: 10 minutes

When to Use It
When you have a group that will engage with data in percents, use this as a
warm-up.
Suggested companion activities
• Precede with A First Look at Communicating with Numbers

Use with Health data, Messaging with Analogies, Messaging by Scaling Up and Down

• Follow up with Media Talking Points, Design a Poster

Data set: Visuals provided.
Versions available: Cancer by County, Land
Allocated (Walden Pond, Airport), Recycle Rates
in a Bar Chart, Trash Contents in a Circle Graph,
Trash Contents in Stacked Bar
Materials & Prep
Copy the participant instructions (1 per pair or
participant).

Steps
1. Launch the activity: As we look at data, we will want to make some

judgments at a glance. Estimates and quick comparisons can help us figure
out where to focus. Let’s take a few minutes for a warm-up.

2. On your own or in pairs: Eyeball the visual and write your estimate on

Set out the visuals (1 per 10 participants). Write the
answer on a stick-on note and place it under each
visual
Stick-on notes or scrap paper for estimates

a post-it note. Place it under the visual.

3. Debrief:

• Was this easy or challenging for you?
• What strategies did you use to make your estimates?
(Describe any strategies you observed, for instance, people using their
fingers to get a sense of how many of one shape would fit in another.)
Worth Noting
If participants seem stuck, ask them to estimate based on a half, making
a rough comparison of more than or less than a half. They may be able to
then adjust up or down from 50%.
Answers!
The landfill is about 42%, about 2/5 the size of the pond.
Or: The landfill is a little less than 1/2 the size of the pond.
Vermonters recycled 33% or about 1/3 of their waste in 2001.
Of the total waste, about 12.6% or about 1/8 was food waste.
In 2003-2007, 16.4% of counties had the highest death rates from
pancreatic cancer, and 16.4% had the lowest rates. But that
doesn’t include the 65% of counties where data was suppressed.
In 2003-2007, 1 in 6 counties had the highest death rates from
pancreatic cancer, and 1 in 6 had the lowest rates. But that
doesn’t include the 2 in 3 counties where data was suppressed.

!

Smart Moves
• Use your senses.
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Percents at a Glance
Background
People often use “ballpark” amounts when relating the size of one thing to
another. But estimation is notoriously hard – better to check yourself!
Directions
1. Without doing any calculations, look at each poster and guess the
percent(s) and fractions.
2. Write each estimate on a small post-it and place it UNDER the poster.
3. Now verify your guess using the tools or numbers provided.

Percents at a Glance
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Percents at a Glance
Landfill vs. Pond

Complete the statement…
…with a percent: The landfill is about ____% the size of the pond.
… with a fraction: The landfill is about ____ the size of the pond.

Percents at a Glance
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Percents at a Glance
Recycling Rates Bar Graph

Complete the statement…
…with a percent: Vermonters recycled ______ % of their waste in 2001.
…with a fraction: Vermonters recycled ______ of their waste in 2001.

Percents at a Glance
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Percents at a Glance
Municipal Solid Waste Pie Chart

Complete the statement…
…with a percent: Of the total waste, about ______ % was food waste.
…with a fraction: Of the total waste, about ______ was food waste.

Percents at a Glance
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Percents at a Glance
Cancer Rate Mapping

…with percents: Of the total waste, about ______ % was food waste.
In 2003-2007, ______% of counties had the highest death rates from
pancreatic cancer, and ______% had the lowest rates. But that doesn’t
include the ______% of counties where data was suppressed.
…with fractions: In 2003-2007, ___ in ___ counties had the highest death
rates from pancreatic cancer, and ___ in ___ had the lowest rates. But that
doesn’t include the ___ in ___ counties where data was suppressed.

Percents at a Glance
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Percents at a Glance
Answers!

The landfill is about 42% the size of the pond.
The landfill is about 2/5 the size of the pond.
Or: The landfill is a little less than 1/2 the size of the pond.

Vermonters recycled 33% of their waste in 2001.
Vermonters recycled 1/3 of their waste in 2001.

Of the total waste, about 12.6% was food waste.
Of the total waste, about 1/8 was food waste.

In 2003-2007, 16.4% of counties had the highest death rates from
pancreatic cancer, and 16.4% had the lowest rates. But that doesn’t include
the 65% of counties where data was suppressed.
In 2003-2007, 1 in 6 counties had the highest death rates from pancreatic
cancer, and 1 in 6 had the lowest rates. But that doesn’t include the 2 in 3
counties where data was suppressed.

Percents at a Glance
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Statistics for Action Activities
Facilitator Instructions

Risk Ranking
Activity Overview
Participants rank several everyday activities that pose various levels of risk
of exposure to contamination. They check their ranking against a public
health professional’s.

Skill: Explain in what ways, through which
exposure pathways, a contaminant poses a
threat
Time: 10-15 minutes
Data set: Provided, or substitue your own.

When to Use It
When the community faces a toxic threat and the group needs more
familiarity with the contaminants of concern and the concept of risk
stemming from exposure. When reviewing or preparing input on a risk
assessment.
Suggested companion activities

Consult the ToxFAQs for information: www.atsdr.
cdc.gov
Versions available: VOCs, PCBs
Materials & Prep

• Precede with First Look at Test Results; First Look at Health Studies

Copy the participant instructions (1 per pair or
participant).

• Use along with Exposed!; Toxic As ... ?

Cut out sets of strips, one per small group or pair

Steps
1. Launch the activity: Contaminants pose a risk when there is contact

or an exposure pathway. For example, tobacco can cause cancer through
inhalation or through ingestion--if it’s chewed and swallowed. Cigarettes
and chewing tobacco don’t cause cancer when they are on a shelf because
there is no exposure pahway.

Copy the public health professional’s opinion (1
per person) and place nearby where participants
can consult it and take a copy for future reference
Bring ToxFAQs for relevant contaminants

2. In pairs: Consider the everyday activities and put them in order from
highest to lowest risk. Depending on the contaminant, the exposure
pathway makes a big difference. Check your order against the public health
professional’s opinion.
3. Debrief:

• What exposure pathways were involved?
• What pathways were new to you? What surprised you, if anything?
• What flags does this raise for the situation here?
Worth Noting
Some of the rankings stay the same no matter what the contaminant is. For
example, eating or drinking contaminated food or water is always high-risk.
But the risk presented by breathing, showering, or skin contact varies. For
example, lead does not evaporate as easily as VOCs. So, if the soil beneath
a home is contaminated with lead, breathing the air in that home may pose
little risk. Remember that exposure is one factor in calculating risk. Other
factors include frequency and dose, or amount.

They found contamination
in our groundwater. I’ll stop
drinking my well water, but is it
safe to take a shower?

Smart Moves
• Seek verification.
• Talk it out.
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Risk Ranking

They found
contamination in
our groundwater.
Iʼll stop drinking
my well water, but
is it safe to take a
shower?

I never thought of
that! Do you think
itʼs safe to water
my vegetable
garden?

Background
Contamination can cause harm only if you are exposed. Some kinds of
exposure are riskier than others.
Directions
1. Read the strips of paper. Each describes one way you might be exposed to
contamination.
2. Which do you think is the most risky? The least? Put the strips in order.
3. Take a handout. See if your answers match an environmental
professional’s opinion.

Risk Ranking
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Ingesting (drinking or cooking with)
contaminated water
------------------------------------Showering in contaminated water
------------------------------------Swimming or wading in contaminated water
------------------------------------Working or playing in contaminated dirt
------------------------------------Using contaminated water for cleaning or laundry
------------------------------------Risk Ranking
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Eating leafy greens grown in contaminated soil
------------------------------------Eating berries or fruit grown in contaminated soil
------------------------------------Living or working in a building where contaminants
are present in the air
------------------------------------Living or working in a building where the soil
beneath the building is contaminated
-------------------------------------

Risk Ranking
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Risk Ranking
Check Your Answers: Volatile Organic Compounds (VOCs)
Compare your ranking to Andrew Friedmann’s. He audits the handling of hazardous waste
sites for the Massachusetts Department of Environmental Protection. Take this sheet home
for later reference!
Type of Exposure

VOCs

A public health professional speaks:

Living or working in a
building where
contaminants are
present in the air

1 high
risk

Sleeping in a room with VOCs in the air (from soil evaporation, or dry-cleaned clothes)
can result in high exposures to VOCs through breathing. People are typically exposed
to indoor air for many hours, so any contamination of indoor air is a concern.

Living or working
where the soil beneath
the building is
contaminated

1-3
high risk

If the VOCs evaporate and come up from the basement or in from outside, indoor air
should be tested for contamination

Ingesting (drinking or
cooking with)
contaminated water

2
high risk

Some VOCs are known carcinogens. Avoid drinking and cooking with contaminated
water.

Showering in
contaminated water

5-6
medium
risk

During a shower, VOCs can enter the body through breathing, through drinking, and,
to a limited extent, through the skin. If you shower often, don’t have much ventilation
in the bathroom, or drink from the shower head, your risk increases.

Working or playing in
contaminated dirt

6
medium
risk

VOCs can enter the body if you accidentally get soil in your mouth or touch the soil
with bare skin. Small children should not be allowed to play in contaminated soil.
Adults should wear gloves and shoes.

Swimming or wading
in contaminated water

7
low risk

Swimming in contaminated water leads to the same type of exposures as with
showering. However, outdoor air will be better ventilated. If you don’t swallow the
water, your primary exposure will be through the skin, so the risk will be lower.

Using contaminated
water for cleaning or
laundry

9 - 10
low risk

Could release vapors, but the activity is short. Ventilation in the laundry room will help
reduce any exposure.

Eating food (leafy
10
greens, berries, fruit)
low risk
grown in contaminated
soil or watered with
contaminated water

VOCs are not thought to accumulate much inside plants. You are more at risk from
contamination on the surface of the plant, so wash or peel food well.

Note: Everyoneʼs situation is unique. Risk depends on many factors besides exposure, like age, body weight, how much
contamination there is, etc.

Risk Ranking
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Risk Ranking
Check Your Answers: Polychlorinated Biphenyls (PCBs)
Compare your ranking to this one by Wendy J. Heiger-Bernays. She’s an Associate
Professor of Environmental Health at the Boston University School of Public Health.
Type of Exposure

PCBs

A public health professional speaks:

Consuming fish or meat
or eggs

2 high risk The major source of exposure for most people is from the food supply. Vegetarian
diets are lower in PCBs because PCBs accumulate in animal tissue, including fish.

Swimming or wading in
contaminated water

4-6
medium
risk

PCBs will be found in sediment and can be absorbed through the skin. Don’t stir up
the bottom.

Working or playing in
contaminated dirt

5 medium
risk

Wash hands before eating. PCBs are taken up through skin. Best to wear gloves to
prevent the hand-to-mouth transfer of soil.

Living or working in a
building where
contaminants are present
in the air

5 medium

PCBs are semi-volatile and they will vaporize from solid material. PCBs are found in
caulk, in certain types of floor and ceiling tiles, paint, fluorescent bulb fixtures if
broken, some old thermostats manufactured prior to 1978.

Living or working where 6 low to
the soil beneath the
medium
building is contaminated. risk

At low concentrations in soil if there’s no skin or incidental ingestion PCBs are not a
threat. Indoor dust contains outdoor soil. PCBs bound to soil outdoors can end up
indoors and be incidentally ingested or with skin contact can present a risk

Eating food (leafy greens, 8
berries, fruit) grown in
low risk
contaminated soil

There is no evidence for vegetable uptake of PCBs. Use a ground cover or mulch to
prevent the soil from splashing on the plants while they grow. Wash produce before
eating. Grow food in raised beds with clean soil and/or organic compost.

Showering in
contaminated water

9 low risk

PCBs are unlikely to be in shower water.

Using contaminated
water for cleaning or
laundry

9
low risk

PCBs are rarely found in the water.

Ingesting (drinking or
cooking with)
contaminated water

10
low risk

PCBs are not soluble in water, so they are not usually found in surface water,
drinking, or groundwater.*

* Note: Risk depends on many factors besides exposure, such as a personʼs age and body weight, and the amount of
contamination. On rare occasions the concentration of PCBs would be so high as to be evident in the water supply. In this
case they would present a risk of exposure through skin contact in the shower. As a semi-volatile compound, they could
volatize and be breathed in during a shower. If PCBs were present in tap water, drinking and cooking with the water would
be a risk.
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Statistics for Action Activities
Facilitator Instructions

Sampling Plans
Activity Overview
Participants evaluate several sampling plans and discuss the advantages
and disadvantages to each. Participants compare their hunches to an
environmental professional’s viewpoint.

Skill: Use criteria to evaluate a sampling plan
Time: 10-30 minutes
Data Set: Provided, or substitute your own
Versions available: Soil/ Water

When to Use It
When preparing input for a sampling plan or study design or when
challenging a plan community members suspect was inadequate.
Suggested companion activities
• Use along with SfA’s Guide to Soil Testing: Digging into the Dirt; Assessing
Conditions Using Maps

Materials & Prep
Copy the participant instructions (1 per pair or
participant).
Optional: Bring a sampling plan from this or other
communities to critique.
Markers

• Follow up with Not Detected; Scrutinizing the Tables
Steps
1. Launch the activity: We need to give input on the sampling plan.
Together we should look at it and feel confident that it can answer questions
about where the contamination is and is not.
2. In pairs: Look over the options. Choose two o fthe plans and record at
least one thing you could learn and one question you would be left with for
each of the two plans.
3. Debrief:

• Which plans made you feel confident and why?
• Which is the most likely to uncover a plume?
• Why do you think so?
Worth Noting
It’s not practical to sample everywhere, but the more samples the more
confident you can be. The SfA Guide to Soil Testing has more information
on sampling. Consult it for an overview of steps and how community
members can give input at the different stages.

other visual here

Smart Moves
• Slow down.
• Seek verification.
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Sampling Plans
Directions
We need a sampling plan to test for soil contamination.
Easy. Just test around the leaky oil tank.
Not so easy. Contamination may stay in one place, or
not. Groundwater moves through soil and can carry a
plume of contamination with it.
Scary! So, we have to test everywhere?
Can't do it. Too expensive. But we can guess where a
plume might be and test there. Groundwater usually
moves downhill, towards rivers and lakes. We also have
to test any spots where people might be exposed.

1. Examine each sampling plan (sometimes called a study design).
2. Discuss the questions on the worksheet.
3. When you’re done, compare your answer to a real environmental
professional’s.

Sampling Plans
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Sampling Plans
Worksheet
Guess where the contamination is and where it might move.
Discuss the tradeoffs for each sampling plan.
Where would you want to test? Write on this sheet, or draw your own sampling plan!

When you’re done, compare your answer to a real environmental professional’s.
Sampling Plans
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Statistics for Action Activities
Facilitator Instructions

Scrutinizing the Tables
Activity Overview
Participants check the consultants’ work, looking for mistakes that
commonly occur when lab results are reported in a summary table.

Skill: Identify typical errors in tables of
environmental data
Time: 20-30 minutes
Data set: Provided, or substitute your own.

When to Use It
When participants question the results from tests or want to act as watchdogs during the testing process and need experience, instruction, or
confidence about what to look for.
Suggested companion activities

Versions available: N/A
Materials & Prep
Copy the participant instructions (1 per pair or
participant).
Hi-liters and markers

• Precede with First Look at Test Results, Measuring: Grams

To use your own data set, locate and copy
corresponding summary tables and lab results.
Usually these are in two separate appendices of
envrionmental reports

• Follow up with Media Talking Points
Steps
1. Launch the activity: Mistakes happen. Let’s take some time to look be
sure that the results are accurately reported.

(Model this by picking one contaminant, checking the lab test, and then
checking the number given in the summary table.)
2. In pairs or as a group: Check at least two rows and make a note of

any problems.

3. Debrief:

• What did you notice? What were some of the mistakes?
• How did you keep track of the units and how big or small they should be?
Worth Noting
It would be rare to see this many mistakes at one time, but these are the type
of errors that regulators often spot when reviewing results.
They include:
• recording the wrong soil depth in the header
• mixing up values for 2nd and 3rd contaminants listed
• entering the value for the residential standard as the amount for
Benzo(b)flouranthane
• reducing TPH-DRO value when they shouldn’t be because this is
originally taken in milligrams
• transposing numbers as in Napthalene
• reducing dibenzo(ah)anthracene by another factor of 10 when it
shouldn’t be. Omitting the bold to indicate it is over the limit.
Smart Moves
• Slow down.
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Sample ID
Depth
Date
Acenaphthylene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)flouranthene
Dibenzo(a,h)anthracene
Flouranthene
Indeno(1,2,3,-cd)pyrene
Napthalene
TPH-DRO

B-5
(0-3 feet)
2/26/10
<0.050
6.38
6.78
1.5
<0.023
3.2
.0778
0.227
1,060

150

Scrutinizing the Tables
Background
Mistakes do happen. Check that the numbers the lab found are listed in the
report correctly.
I have to think of it like this:
micrograms are 1,000 times
smaller than milligrams so
thereʼs more to count. So the
number will look 1,000 times
bigger than a number given in
milligrams.

Directions
1. Check the data on the
consultant’s chart against the
lab results.
2. Make a check mark next to any errors you spot.
3. Write your own rule or hint to help you keep track of
the units.
Sample rules
• Milligrams are bigger than micrograms.
• The bigger the unit, the smaller the numbers look.

Scrutinizing the Tables
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Scrutinizing the Tables
Consultantʼs Report
Sample ID
Depth
Date

B-5
(0-3 feet)
2/26/10

Tier I SRO’s
Residential Standards*
Ingestion

Acenaphthylene

<0.050

2,300

Inhalation

----

Benzo(a)anthracene

6.38

1.1

Benzo(a)pyrene

6.78

1.3

----

1.5

1.5

----

<0.023

0.2

----

3.2

3,100

----

Indeno(1,2,3,-cd)pyrene

.0778

0.86

----

Naphthalene

.227

1,600

TPH-DRO

1,060

---

Benzo(b)flouranthene
Dibenzo(a,h)anthracene
Flouranthene

NOTES:
All results listed in mg/kg
“<” indicates that analyte was not detected at stated detection limit
* These standards are for the state of Illinois
Bolded, shaded print indicates analyte exceeded Tier 1 Soil Remediation Objectives
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Scrutinizing the Tables
Lab Results

Scrutinizing the Tables
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Statistics for Action Activities
Facilitator Instructions

Sorting Out the Units
Activity Overview

Skill: Build fluency converting among units

Participants move between units, for example, between milligrams per
kilogram and parts per billion.
When to Use It
When preparing for a public meeting during which environmental
professionals or others may refer to test results in a variety of units. Or
when comparing figures in one unit to figures given in a different unit.
Suggested companion activities

Time: 10 minutes
Data set: Provided or substitute your own. Draw
from any results given in a specific unit. Create a
sheet with an empty column next to the findings
so that participants can write in the amount in
ppb (or whatever unit you specify)
Versions available: Soil
Materials & Prep

• Precede or use along with Measuring and Messaging with Analogies

Copy participant instructions (1 per person plus
a few extras)

• Follow up with Media Talking Points

Calculators

Steps
1. Launch the activity: We are pretty familiar with some of our test

Optional: Online site for unit conversions

results, but it’s easy to get unsettled if others start referring to them in a
different unit. This is a chance to pratice moving between units so we can
keep up with what others are asserting about the site.
(Orient the group to the tables of data, pointing out units and contaminant
labels. Review how milligrams and micrograms relate to parts per million
and parts per billion. See companion activities listed above for ideas. Then
connect the activity to your situation.)

2. In pairs: Fill in the amount of contaminant you would have if it were

reported in [ppb] instead of [mg/Kg].

3. Debrief:

• How did this go? Was it hard or easy?
• How confident do you feel about moving between units?
• What could help you feel more confident? (For example, making a 1.
cheat sheet, trying a few more for practice)
Sample ID
Worth Noting
Some people quickly and easily catch on to equivalent units. Parts
per million is the same as mg/Kg. For those who don’t, it is easy
to become rigid. Only one type of unit makes sense and changing
units means starting over in terms of making sense of the claim.
Once participants have a chance to convert a few results from
one unit to another, they may start to see patterns, rely on their
understanding of tens, begin to feel more certain about the
relationships among units. This will help them be able to respond
more quickly and flexibly in situations where numbers get thrown
around.

Depth
Date

B-5
(0-3 feet)
2/26/10

Amounts

Tier I SRO’s
Residential Standards*

In ppb

Ingestion In ppb

Benzo(a)anthracene

6.78

6,780.0

1.1

Benzo(a)pyrene

6.38

6,380.0

1.3

1,300.0

Benzo(b)flouranthene

10.3

10,300.0

1.5

1,500.0

Dibenzo(a,h)anthracene

0.233

233.0

0.2

200.0

Flouranthene

25.4

25,400.0

3,100

3,100,000

Flourene

.033

33.0

3,100

3,100,000

Indeno(1,2,3,-cd)pyrene

2.92

2,920

0.86

TPH-DRO

10,600

10,600,000

Acenaphthylene

<0.050

<50.0

--2,300

1,100.0

860.0
--2,300,000

NOTES
All results listed in mg/kg
“<” indicates that analyte was not detected at stated detection limit
* These standards are for Illinois; Bolded print indicates analyte exceeded Tier 1 Soil Remediation Objectives

Smart Moves
• Slow down.
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Sorting Out the Units
Background
Numbers tend to fly around during conversations about test results, limits,
regulations, and risk. When the test results say mg/Kg, but the owners keep
talking about parts per billion, use
Milligrams/Kg is the
patterns with 10s to keep up.
same as parts per
million. For every
part per million,
thereʼs 1,000 parts
per billion.

Directions
1. Convert the amounts in the table
and fill in the blank columns.
2. Point out which numbers look and sound larger to
you.
Sample ID
Depth
Date

B-5
(0-3 feet)
2/26/10

Amounts

Tier I SRO’s
Residential Standards*

In ppb

Ingestion In ppb

Benzo(a)anthracene

6.78

1.1

Benzo(a)pyrene

6.38

1.3

Benzo(b)flouranthene

10.3

1.5

Dibenzo(a,h)anthracene

0.233

0.2

Flouranthene

25.4

3,100

Flourene

.033

3,100

Indeno(1,2,3,-cd)pyrene

2.92

0.86

TPH-DRO

10,600

---

Acenaphthylene

<0.050

2,300

NOTES
All results listed in mg/kg
“<” indicates that analyte was not detected at stated detection limit
* These standards are for Illinois; Bolded print indicates analyte exceeded Tier 1 Soil Remediation Objectives
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Statistics for Action Activities
Facilitator Instructions

Toxic As ... ?
Activity Overview
Participants compare an unfamiliar contaminant with the standards for
more widely known contaminants like lead and cyanide. They then make
statements about how much more (or less) toxic one contaminant is than
another.
When to Use It
When you are trying to call attention to a dangerous contaminant that is
not widely known. To demystify the risk, compare the toxicity of unfamiliar
to familiar toxins.

Skill: Be able to explain toxicity by comparing
unfamiliar contaminants to the toxicity of common
poisons
Time: 10-30 minutes
Data set: Provided or substitute your own by
choosing the toxins and limits or standards from a
summary chart in a test result report.
Versions available: Drinking Water, Groundwater, Soil
Materials & Prep
Copy the participant instructions (1 per pair or
participant)

Suggested companion activities
• Use along with Risk Ranking

Choose one of the comparison tables, enlarge and
post or make copies, one per pair

• Follow up with Media Talking Points
Steps
1. Launch the activity: Some of the contaminants on site most people

have never heard of. We can help people understand the threat they pose by
comparing their toxicity to poisons people have heard of.
Comparing to a published level, like the Maximum Contaminant Level
(MCL), set by the EPA is one way of looking at toxicity.

2. In pairs: Check out the levels of different contaminants. Make a
comparison. Use the calculator to check yourself.

Copy the worksheet, adapt if needed (e.g., adjust
the units) (1 per pair)
Calculators
Optional: A list of contaminants of concern to your
community and their limits. If you do not have the
limits (see summary tables on the community’s
test results), you can look up the information. For
example: Maximum Contaminant Levels for various
other contaminants in drinking water are online at:
http://www.epa.gov/safewater/contaminants/index.
html)

3. Debrief :

• Which contaminants were the most toxic?
• How did you compare different units?
• Did you need to convert units so you could compare?
Worth Noting
Risk is affected by many factors; toxicity is just one of them. Legal limits
are often but not always risk-based. Some published standards trigger legal
action, others do not.

They found benzo(a)pyrene
on the site, and I figured
out it’s 50 times more toxic
than arsenic!

Smart Move
• Compare it.
• Use friendly numbers.
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Toxic As…?
They found benzo(a)pyrene on
the site, and I figured out itʼs 50
times more toxic than arsenic!

Background
The EPA sets legal limits for the maximum concentration of a toxic
contaminant that can be in drinking water, groundwater, and soil. You
probably know that mercury, arsenic, lead, and cyanide are very toxic. But
how do they compare to other contaminants?
Directions
1. Choose one of the contaminants on the test results page. What is the
legal limit, objective, or screening level for your contaminant?
2. Look at the Comparison Tables and find the similar legal limits for
mercury, arsenic, lead, and cyanide. Make sure they have the same units
(like mg/L) as the legal limit from your own results.
3. Use the worksheet to compare the legal limits of your community’s
contaminants to the legal limits in the Comparison Tables.
4. Which statements seem the strongest?
Does it help to round up or round down a little?
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Toxic As…?
Comparison Tables

EPA Regional Soil Screening Levels

Groundwater Objectives for GW-1

Contaminant

EPA RSSL

Contaminant

EPA GWO

Mercury

5.6 mg/kg

Mercury

2 µg/L

Arsenic

0.39 mg/kg

Arsenic

10 µg/L

Lead

400 mg/kg

Lead

15 µg/L

Cyanide

1600 mg/kg

Cyanide

200 µg/L

Smaller RSSL = More Toxic!

Lower GWO = More Toxic!

The EPA Region III Soil Screening Levels are widely
used for comparison purposes. If a tested level exceeds
a screening level, itʼs not necessarily dangerous, it just
means thereʼs a need for more testing.

EPA or state groundwater objectives are meant to be
health-protective and should not be exceeded. GW-1 is a
classification specifically for underground water that may
be used for drinking water.

EPA Maximum Contaminant Level

_______________________
[Fill in a level relevant to your community.]

Contaminant

EPA MCL

Contaminant

Mercury

2 µg/L

Mercury

Arsenic

10 µg/L

Arsenic

Lead

15 µg/L

Lead

Cyanide

200 µg/L

Cyanide

Smaller MCL = More Toxic!

[Level]

Smaller Level = More Toxic!

The EPAʼs Maximum Contaminant Levels are legal limits
for drinking water. These levels are meant to be healthprotective and should not be exceeded.
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Toxic As…?
Worksheet
For example, Iʼd never heard of benzo(a)pyrene, so I looked it up.
The MCL for benzo(a)pyrene is 0.2 µg/L. For arsenic, itʼs 10 µg/L.
10 µg/L is fifty times bigger than 0.2 µg/L, so just one drop of
benzo(a)pyrene contaminates the same amount of water as 50 drops of
arsenic. So, benzo(a)pyrene is 50 times as toxic as arsenic!

I’m comparing using the:
 Maximum Contaminant Level
 Groundwater Objectives

 Regional Soil Screening Levels
 Other: __________________

________________ is ______ times as toxic as ______________ .
________________ is ______ times as toxic as ______________ .
________________ is ______ times as toxic as ______________ .
________________ is ______ times as toxic as ______________ .
________________ is ______ times as toxic as ______________ .
________________ is ______ times as toxic as ______________ .
________________ is ______ times as toxic as ______________ .
________________ is ______ times as toxic as ______________ .

Toxic As
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