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The Forest Service’s mission is to sustain the health, diversity, 
and productivity of the Nation’s forests and grasslands to meet 
the needs of present and future generations. For more than 
100 years, our motto has been “caring for the land and serving 
people.” The Forest Service, an agency of the U.S. Department 
of Agriculture (USDA), recognizes its responsibility to be 
engaged in efforts to connect youth to nature and to promote the 
development of science-based conservation education programs 
and materials nationwide.

Natural Inquirer is a science education resource journal to be 
used by students in grades 5 and up. Natural Inquirer contains 
articles describing environmental and natural resource research 
conducted by Forest Service scientists and their cooperators. 
These scientific journal articles have been reformatted to meet 
the needs of middle school students. The articles are easy 
to understand, are aesthetically pleasing to the eye, contain 
glossaries, and include hands-on activities. The goal of Natural 
Inquirer is to stimulate critical reading and thinking about 
scientific inquiry and investigation while teaching about 
ecology, the natural environment, and natural resources. In this 
edition of Natural Inquirer, you will find an article about water 
quality and the impacts of humans on watersheds.

The Format of a Natural Inquirer Article
Each Natural Inquirer article follows the same format. Natural 
Inquirer articles are written directly from a published science 
article, and, for accuracy, the scientists have reviewed the 
articles. Each article contains the following sections, which you 
may introduce to your students as they read.

Meet the Scientists: Introduces students to the scientists who 
did the research. This section may be used in a discussion about 
careers in science.

What Kinds of Scientist Did This Research? Introduces 
students to the scientific disciplines of the scientists who 
conducted the research.

Thinking About Science: Introduces something new about 
the scientific process, such as a scientific habit of mind or 
procedures used in scientific studies.

Thinking About the Environment: Introduces the 
environmental topic being addressed in the research.

Introduction: Introduces the problem or question that the 
research addresses.

Method: Describes the method the scientists used to collect and 
analyze their data.

Findings: Describes the results of the analysis.

Discussion: Addresses the findings and places them into the 
context of the original problem or question.

Reflection Section: Presents questions aimed at stimulating 
critical thinking about what has been read or predicting what 
might be presented in the next section. These questions are 
placed at the end of each of the main article sections.

Number Crunches: Presents an easy math problem related to 
the research.

Glossary: Defines potentially new scientific or other terms to 
students. The first occurrence of a glossary word is bold in the text.

Citation: Gives the original article citation with a Web link to 
the original article.

FACTivity: Presents a hands-on activity that emphasizes 
something presented in the article.

Science Education Standards and Evaluations
In the back of the monograph, you will find a listing of 
education standards which are addressed by this monograph. 
This listing is also available on the website dedicated to this 
monograph.  

We welcome any feedback. You may contact Dr. Barbara 
McDonald at the address that follows with any comments  
you have.

Dr. Barbara (Babs) McDonald
Forest Service
320 Green Street
Athens, GA 30602–2044
706–559–4224
bmcdonald@fs.fed.us
(Please put “Educator Feedback” in the email subject line)

Educator Resources
Visit the Natural Inquirer Web site at http://www.
naturalinquirer.org. From this site, you can order more 
Natural Inquirer publications, read and download lesson plans, 
find word games and other resources to help you use Natural 
Inquirer in your classroom. You can also view and download a 
year-long lesson plan aimed at helping your students learn about 
the scientific process.
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Lesson Plan
Note: This lesson plan may be used with this  
and any Natural Inquirer monograph or article,  
or Investi-gator article. 

Time Needed 

2 class periods

Materials (for each student or group of students):

• Natural Inquirer monograph or journal article, or 
Investi-gator journal article

• Pencil or pen

• Thin and Thick Graphic Organizer

• Blank paper

In this lesson plan, students will read a Natural 
Inquirer or Investi-gator article and create “thin” 
and “thick” questions related to each section of the 
article. Then, as a group students will review the 
“thin” questions while reviewing the article content. 
“Thick” questions will be used to create persuasive 
essays using information learned in the article. 

Methods:

Prep

Educators should choose one Natural Inquirer 
monograph or one article from either a Natural 
Inquirer or Investi-gator journal. Read the article fully. 

Day One

Explain to students that there are different types of 
questions. For instance, some questions have a clear 
answer. For this lesson, we’ll call these questions 
“thin” questions. Another type of questions is one 
which does not have a specific answer, called a “thick” 
question. Thick questions are questions which people 
can debate, but must be supported using available 
information (i.e., What if, How come, Why).

Example of a thin question: “Where did the scientists 
conduct their research?”

Example of a thick question: “What if the scientists 
let the experiment continue for another year?”

Ensure that students understand the difference 
between the two types of questions. Provide each 

student with a copy of the chosen Natural Inquirer 
monograph or journal article or Investi-gator journal 
article. Provide each student with a copy of the Thin 
and Thick Graphic Organizer.

Instruct students to begin reading the text.  At the end 
of each section, have students fill in the Thin and Thick 
Graphic Organizer with their questions related to that 
section. Once everyone has finished the text, collect 
the Thin and Thick Graphic Organizers and identify 
common questions for each section of the text. 

Day Two

Starting at the beginning of the article, review each 
section briefly as a group. After reviewing a section, 
show the students the most commonly asked “thin” 
questions from the previous class period. Provide 
students a chance to help answer these questions 
for their classmates. Help students locate the 
answers in the text if they are available. Answer any 
other “thin” questions that students present during 
this review session. 

Next, provide or project a list of commonly asked 
“thick” questions. Or create some “thick” questions 
which you believe are valuable for student 
comprehension. Provide each student a blank piece 
of paper and a pencil or pen. Ask each student to 
choose one “thick” question and write that question 
at the top of their blank piece of paper. Then, task 
students with writing a short persuasive essay 
answering the question.

Student’s persuasive essays should use information, 
evidence, and vocabulary from the Natural Inquirer 
or Investi-gator article on which this activity is 
based. As an alternative, provide this assignment 
for homework and allow the students to use outside 
sources, as well as the original text, to create a 
persuasive essay.
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Thin and Thick Graphic Organizer

Article Section Thin Question Thick Question

Thinking About 
Science

Thinking About  
the Environment

Introduction

Methods

Findings

Discussion
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Methods

How did the use of existing databases help 
the scientists understand which watershed 
conditions affected water quality?  
Students will have individual answers to this 
question. By retrieving data from existing 
databases about watershed conditions, the 
scientists were able to compare many different 
conditions with measurements of phosphorus 
and turbidity. The cost and time it would take to 
collect new information could be a challenge, 
so using existing databases makes sense if 
existing information is available.

Look at the number of water quality sampling 
sites in figure 11. For each of those sites, the 
scientists also retrieved a lot of information 
about nearby landscape conditions in the 
watersheds. Why do you think a computer was 
necessary to discover the relationships between 
landscape conditions and water quality? 
Students will have individual answers to these 
questions. They should, however, realize that 
if the scientists collected and retrieved data 
covering a number of years, the quantity of data 
would be too large to calculate by hand. 

How could the scientists identify water quality 
problems near watersheds for which they had 
no water quality data?  
Students will have individual answers to this 
question. They should realize, however, that 
once the scientists understood the relationship 
between landscape conditions and water 
quality (measured by the amount of phosphorus 
and turbidity), the scientists could use known 
landscape conditions from existing databases to 
predict water quality. To do this, scientists used 
mathematical models run on computers.

Full Throttle Model •  Reflection Section Answer Guide

Introduction

The scientists wanted to accomplish two things 
with this research. Describe one of these things 
and tell why it was important to accomplish. 
Students will have individual answers to this 
question. They should, however, understand that 
the scientists wanted to be able to predict water 
quality on the basis of how watersheds might 
change in the future; and the scientists wanted to 
figure out how to dentify Great Lakes watersheds 
which needed restoration, and could be done 
quickly and at a reasonable cost. It is important 
to be able to predict water quality based on 
future changes in watersheds so that managers 
can be prepared to deal with water quality 
issues. It is important to be able to identify 
which watersheds need to be restored and 
which of these could be restored quickly and at 
a reasonable cost. Identifying these watersheds 
would enable managers to set priorities for 
watershed restoration. 

What kinds of things might be done to restore an 
ecosystem to a healthier condition?  
Students will have individual answers to this 
question. They should think of actions like 
cleaning up litter, cleaning up the source of 
pollution, removing invasive species, planting 
or reintroducing native species, removing 
development that is no longer being used, and 
limiting certain kinds of uses in some areas. This 
question enables you to hold a class discussion 
about ecological restoration, and it challenges 
students to think about nearby degraded areas. 
You may want to look at the “Crash Course” on 
Conservation Biology and Restoration Ecology, 
found in the Web Resources on page 33.
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Discussion
Do you think it is important to measure and 
predict water quality? Why or why not? 
Students will have individual answers to this 
question. Apart from the information provided 
in this article, students should understand the 
importance of water quality. If they understand 
the importance of water quality, students should 
be able to articulate why measurement and 
prediction of water quality are important and 
even necessary to improve and protect water 
quality in the future. Without measurement, one 
cannot evaluate whether a situation is changing 
and how it is changing.

From this study, what would you say is the 
relationship between landscape change and 
water quality?  
Students should conclude that as landscapes 
become more developed or forests more 
disturbed, a greater opportunity exists for lower 
water quality.

Findings

If you had to identify one general reason for 
low water quality within or near a Great Lakes 
watershed, what would it be?  
Students will have different answers to this 
question. They should, however, ultimately 
conclude that forest disturbances, urban 
development, and agriculture appear to be 
closely related to low water quality within and 
near the watersheds studied in this research.

Why do you think forests that had been 
disturbed in the past had lower levels of 
phosphorus and turbidity than forests that had 
been recently disturbed?  
Students should realize that disturbance 
happening in the past gave forests time to heal 
from the disturbance, thus protecting the soil 
from as much erosion.

Full Throttle Model • Reflection Section Answer Guide continued

Time Warp 
Full Throttle Model • Reflect and Connect Answer Guide

Introduction

Name one similarity and one difference between 
the recent Great Lakes research and the research 
done in West Virginia in the 1950s.  
Students will have individual responses. 
Similarities include (but aren’t limited to): 
Both research projects investigated how land 
use affected water quality, and both research 

projects included an investigation of nonpoint 
source pollution. 
Differences include (but aren’t limited to) The 
recent research involved a variety of land uses 
and the historic research focused only on forest 
land use. The recent research was concerned 
with water quality in the Great Lakes, and the 
historic research was concerned with water 
quality in mountainous streams.  
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Time Warp 
Full Throttle Model • Reflect and Connect Answer Guide continued

Methods

The scientists in both “Time Warp” and “Full 
Throttle Model” were researching how land 
use affected water quality. Describe how their 
data collection methods differed from one 
another.  
Students will have individual answers to 
this question. In the historic research, the 
scientists collected their own baseline data, 
then applied experimental treatments to four 
areas. Following the treatments, the scientists 
continued to collect data. The scientists 
collected and used their own data. In the 
current research, the scientists used a number 
of existing databases and created computer 
models to look for relationships among 
variables. These scientists did not collect their 
own data.

Discussion
How does the recent research support or not 
support the findings from “Time Warp”?  
Students will have individual answers to this 
question. Students should recognize, however, 
that although the two studies were different 
in many aspects, their findings were similar: 
Forest disturbances are related to reduced 
water quality as measured by turbidity. 


