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Pre- to Post Content Knowledge Test Comparisons
Basic Knowledge Score = 14

Maximum Score = 28
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Using Content Mastery activities as a mechanism for integrating Cognitive and 
metacognitive skills to enhance the learning of earth system science

Improve K-12  teacher’s knowledge, understanding of content connections, ability to teach science in the context of the Earth as a system.

Laboratory Earth Objectives

Enhance and accelerate the transfer and utilization of data, information, and high-quality educational curriculum materials from NASA’s Earth 
Science Enterprise to educators. 

Increase the sense of community using various levels of networking.

Modular Course Design

Laboratory  Earth

A part of NESEN’s 
on-going effort to provide 
professional development 

for K-12 Educators 

LABORATORY EARTH 1:

Earth and its Systems

Spheres: Linking Science and Society
Earth’s Matter and their Interaction

Weather and Climate
Earth in Space

LABORATORY EARTH 2:

Earth’S natural resource systems

Natural Resources and Civilization
Rock and Mineral Resource Systems

Water Resource Systems
Soil Resource Systems

LABORATORY EARTH 3:

Earth’S changing systems

From the Universe to the Earth and Everything in Between
The Environment: Yours, Mine and Ours
Changes Through Geologic Time
Cycling in the Earth System

What are Content Mastery activities?

• Document students ability to synthesize and apply knowledge and understanding 
learned in module. 

• Provide opportunities for students to use creativity.
• Provided at end of each module.  
• Feedback / resubmission process focuses on learning.   
• Feedback to students provide framework for modification and resubmission.       
• Students choose presentation format.  
• Based on learning outcomes for each module.      

Funding Provided by: 

Designed to meet multiple learning styles

Visual Read/WriteAural Kinesthetic

Audio-Enhanced PowerPoint Presentations

Simulated Experiments

Kitchen LabsGroup DiscussionsField Activities

Group Projects Individual Assignments

Open-ended Questioning & On-line Writing

Use Multiple Learning Strategies

Question
How can we document content knowledge,  help motivate participants to learn and 

enhance their learning skills and intellectual abilities?

answer

Content Mastery activities

From: http://projects.coe.uga.edu/epltt/index.php?title=Bloom%27s_Taxonomy

Bloom’s Taxonomy

Student assessment

Goals

1. Intrinsically motivate participants to learn
Reduce the need of point 
accumulation as a motivator

2. Master course content and move upward on Bloom’s 
Taxonomy

Participants work until they have the required concept 
knowledge and understanding

3. Provide opportunities for students to enhance their 
learning skills and intellectual abilities

4. Reflect and improve our educational practice

PART 1.  In the movie, Civil Action, the groundwater resource that provides the drinking water for Woburn, MA has been 
contaminated by tetrachloroethylene (TCE), which is a solvent for greases, oils, fats, waxes, and tars in the textile 
processing industry to scour cotton, wool, and other fabrics. You are the only member of the jury who has any knowledge 
about groundwater and its movement. This has led the other members of the jury to ask you to explain to them the factors 
that influence the rate of groundwater flow; how wells and pumping influence groundwater; and 3. the relationship 
between groundwater and surface water. They are particularly interested in you using the terms recharge, discharge, 
infiltration, percolation, porosity, permeability, saturated zone, unsaturated zone, and water table. They also need 
clarification about the use of hydrographs and how they might be used to understand the influence of pumping on the 
groundwater system. 

PART 2. Using the terms from the Water Language Journey and your understanding of the hydrologic equation, to what 
extent do you think water resources can be used sustainably. 

Concept Map: Take main concepts and put them together with a concept map to show connections and relationships.

Photo essay/scrapbook: Use photos that illustrate concepts. Add captions to explain your pictures and tell the story.

Oral journal: Keep an oral journal of what you have learned and how it applies to your life. 

Song/Movie: Show what you know through the creation of a song or video. You can turn this in on a CD or DVD. 

Narrative Essay: The more traditional approach to demonstrate your understanding.  

Newspaper article: Use your writing skills to tell the story of our content.  You might write this from a historical perspective.

Power Point Presentation: Use graphics and pictures with captions to explain your understanding of the material.

Components of a content mastery activity

examples

Problem Scenario, Issue, Question

Multiple Presentation Options

Project Type Number Percentage

Mean 
Score

Max Score =8

Power Point 31 41.0% 6.7

Narrative Essay 15 20.0% 7.4

Newspaper Article 6 7.9% 7.5

Development Report 5 6.5% 7.4

Report to the Jury 5 6.5% 7.2

Concept Map 5 6.5% 7.2

Brochure 3 3.9% 7.7

Photo Scrapbook 2 2.6% 7.3

Poem 1 1.3% 8

Play 1 1.3% 7

Game 1 1.3% 5.5

Content Mastery Project Summary  - Lab Earth 2  
Fall 2007 and Fall 2008

Mastery 4, Part I: 
 
A flow chart I might present to the jury demonstrating factors that 
influence the rate of groundwater flow, how wells and pumping 
influence groundwater and the relationship between groundwater and 
surface water.  
 
 A. 1950-Contaminant 

stored underground 
B. 1980—people sick, 
suspected to be water 
source  Could A be responsible 

for B ?  

Lets assume a contaminant leaks 
into soil and begins to infiltrate 
through open spaces 

Contaminant part of 
recharge process moving 
through geologic 
material  

If the contaminant does not 
soak into plant roots, it will 
travel down through 
unsaturated zone to saturated 
zone where all pores are full 
and there is no more space to 
travel downward –just as 
precipitation does. These 
molecules are now part of 
the water table  

Hydrographs of the area stream/river discharge, 
and ground water level show us how much water 
is flowing in the local streams and rivers, and 
how much water the ground is storing  

If soil is porous, contaminant 
will percolate down quickly 
through open passageways. If 
soil is impermeable, contaminant 
could take years to move inches. 
Grain shape, grain packing, and 
the cementation affect of the 
geologic material are factors 
influencing the travel rate 
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Once the contaminant 
reaches the water table, 
it now becomes part of 
the discharge process  

Excessive well pumping 
can leach water from 
nearby rivers or streams 
into the water table, 
drawing with it any 
stream contaminants 

From the water table, water is drawn up 
into wells.  If contaminants are present, 
they will come up also. Depending on 
the flow rate, it could take contaminants 
decades to show up in drinking water 
wells

The contaminant may travel 
through the ground to a river 
or stream and discharge into 
the stream flow, or the 
contaminant can be pumped 
directly from the water table 
from a well pumping water 
for agricultural or human 
uses  

This information, combined with precipitation/recharge and 
discharge components, information about the rate of pumping 
tells us a lot about the groundwater activity in the area as well as 
demands that may be put on local rivers and streams. If the 
groundwater storage is pumped faster than the recharge rate, 
stream water may travel through the subsurface pores and 
permeations to occupy space   

In an area with steady recharge to the 
groundwater system, contaminants may remain 
in the saturated zone for a long time before they 
are pumped to the surface. It could be a matter of 
decades until they find their way into drinking 
water. 

Welcome back to “As 
the Earth Turns”. 
Today we are talking 
to a great giver of life: 
Soil. 

Thanks for dropping 
by the studio to talk 
with us, Soil.

ON THE AIR

It’s a pleasure to be 
here, Betsy.

We certainly appreciate you 
taking time out of your busy 
schedule. Soil, we surveyed 
a random cross-section of 
humans, and they don’t know 
a lot about you. 

Can you tell us a little bit 
about where you come from?

Sure. Ultimately, Betsy, I am the 
product of interactions between the 
atmosphere, lithosphere, hydrosphere 
and geosphere. In the sedimentary 
process, material from mountains is 
eroded and transported by water wind 
and ice. Glaciers, for example, 
transport a lot of material that becomes 
part of a soil series.  

The physical and chemical weathering 
of the parent material combines with 
water, air and other organic matter to 
make a soil series. I am only one 
series in over 23,000!

ON THE AIR

So, you really are the link 
between rocks and living things. 
Wow, impressive. 
Soil, let’s talk about some of your 
work and achievements. Can you 
give us an idea of what kind of 
work  you do?

Well, how much time do you have, 
Betsy? That’s a big question. Let me 
give you an idea. I filter and partition 
water. I regulate drainage, help 
degrade and decompose organic 
matter. I detoxify, store nutrients, store 
carbon dioxide and I play an essential 
role in the carbon, nitrogen, and water 
cycles. There is more, Betsy. I transfer 
heat and control activities of plants and 
other organisms. I am the fertile 
medium that provides fruits and fiber. I 
am home to millions!

ON THE AIR

That is quite a resume. You 
really aren’t just ‘dirt’, then, are 
you?

Betsy, my colleagues down in the 
pedosphere and myself prefer the term “all 
mighty integrator”. 

I am really delicate and complicated, 
embodying all three states of matter. 

I make up only about 10% of earth’s 
surface, but my job is enormous and there 
is a lot of stress that comes with the 
responsibility for nearly all living things. 

It’s intense.

ON THE AIR

Soil, you are remarkable. I had no 
idea.
Tell us about some of the 
influencing factors in your life---
about what has made you who you 
are today.

There a number of influences. 
There’s the original parent 
material I come from, slopes and 
other topography affect my 
moisture and temperature. 
Climate is a big one. I am sandier 
in dry climates where wind 
transports me quite a bit and more 
humus and moist in warm, damp 
climates. 

ON THE AIR

Now Soil, in 2004 there 
were rumors that you 
might go on strike. Tell 
us, what was that about?

Sure, Betsy. What a lot of humans don’t realize is 
that I am under a lot of stress and the scary part 
is that I am non-renewable resource. Sometimes I 
feel taken for granted.

At times, [sniffle],  humans put me into situations 
that I am really not equipped to handle. Examples 
are being overworked agriculturally, or when 
developments are built on top of me and I can’t do 
my job properly. 

Overuse of chemical pesticides also make life 
uncomfortable, Betsy. I just want a little 
compassion.

ON THE AIR

Created for jury information
Civil Action

Woburn, MA
M.O. presenter

Water Basics

Major physical and chemical 
processes water goes through

• Transpiration- biological process related to 
plants

• Precipitation, condensation, evaporation- phase 
changes

• Runoff, infiltration, and percolation- influenced 
by the force of gravity acting on the water 
molecules

Hydrologic Equation
• Equilibrium is when input = output of water
• If input or output is modified the system will be out of 

balance
• Example:  Removing ground water by pumping not 

only lowers the ground water reservoirs it can also 
decrease the input for streams or it can decrease
evapotranspiration (ET)

• Remember Everything is 
Connected to Everything Else 
(ECEE)

Movement of water
Water can move: 

* hundreds of miles per day in 
the atmosphere

*miles per day in 
rivers

*feet per day 
underground

What happens in one 
place to water doesn’t 
stay in one place!

Precipitation
• Precipitation can:  evaporate, run-off, or infiltrate

Precipitation can vary over space and time

Infiltration:  water soaks into the soil to 
become part of the ground water 
system.  It can be used by plants for 
transpiration or it can continue to be 
stored in the ground.  As it is stored in 
the ground it percolates or get’s moved 
further along by the force of gravity 
acting on the water molecules.  As the 
water is added to the ground water this 
is called recharge.  Eventually 
groundwater can be discharged by 
flowing into lakes or streams to 
become part of the surface water or be 
pumped to the surface for agriculture 
or municipal means.

Hydrographs are graphs that plot data about water.  Available 
hydrographs to look at for the Aberjona river area are listed below.  These may 
be helpful to tell us groundwater levels, discharge and stream water flow for the 
time period in question. Hydrographs could be used to compare groundwater 
data pre and post pumping.

Review of some testimony and 
facts about wells G and H

WOBURN SITE
• Wells G and H completed in the Aberjona aquifer
• Aquifer is mixture of alluvium (stratified drift) and 

glacial till on granitic or gabbroic bedrock
• Aberjona River flows through valley and is underlain 

by peat deposits
• Groundwater flow direction and magnitude depends 

on whether Wells G and H are pumping or not 
pumping

•
•http://www.geology.sdsu.edu/class
es/geol351/LEC12GWPOLLW.htm

Review of some testimony and 
facts about wells G and H

• The Aberjona River was being used by the defense as a 
possible barrier to TCE contamination coming from the 
15 acres, under the river and to wells G and H

– Argument is that wells G and H would draw all the 
water needed from the river and not draw any water 
from the opposite side of the river bank

– George Pinder’s model with a very permeable sand 
and gravel layer showed that water would flow under 
the river to the wells
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