
Multiple files are bound together in this PDF Package.

Adobe recommends using Adobe Reader or Adobe Acrobat version 8 or later to work with 
documents contained within a PDF Package. By updating to the latest version, you’ll enjoy 
the following benefits:  

•  Efficient, integrated PDF viewing 

•  Easy printing 

•  Quick searches 

Don’t have the latest version of Adobe Reader?  

Click here to download the latest version of Adobe Reader

If you already have Adobe Reader 8, 
click a file in this PDF Package to view it.

http://www.adobe.com/products/acrobat/readstep2.html




National Aeronautics and Space Administration 


Educational Product -1 
Educators Grades 6-8 


EG-2006-09-25-LaRC 


www.jamestownjourney.org 



http://www.nasa.gov

http://www.jamestownjourney.org






Exploration: Then and Now NASA and Jamestown Education Module


EG-2006-09-25-LaRC


National Aeronautics and Space Administration


Langley Research Center


Hampton, VA 23681


www.nasa.gov


Jamestown


410 W.Francis Street


Williamsburg, VA 23185


www.jamestownjourney.org



http://www.nasa.gov

http://www.jamestownjourney.org



		backPageCMR9-25.pdf










                                                                                                       
Exploration: Then and Now NASA and Jamestown Education Module 
EG-2006-09-25-LaRC Transportation Page 1 of 32 


Grade Level: 6–8 


Connections to Curriculum:


Science, Mathematics, and Geography 


Teacher Preparation Time:


20 Minutes


Lesson Duration:


Six 50-Minute Classes 


(See Pacing Chart for Options)


National Science Education Standards


Science as Inquiry 


Science and Technology 


National Council of Teachers of
Mathematics Standards


Geometry 


Measurement 


Representations 


National Geography Standards


The World in Spatial Terms


Places and Regions


Transportation 
Exploration: Then and Now 


Essential Question

How do vessel design, navigation,

and propulsion affect exploration?



Lesson Overview 
This lesson compares vessel design, 
navigation, and propulsion used by 
early Jamestown explorers to those 
used by the National Aeronautics and 
Space Administration (NASA). Students 
use maps and coordinate planes to 
demonstrate the Global Positioning 
System and to compare 17th-century 
mapmaking to modern technology. 
Students conduct experiments about 
sails and other propulsion systems. 


Background Information 
Transportation is an important theme of 
exploration. Vessel design, navigation, 
and propulsion are all ideas related to 
transportation. 


Vessel design, including its shape, size, 
and function, must be appropriate for 
the intended environment in order to be 
effective. A ship designed to sail the 
ocean would be too large to explore a 
narrow river channel, for example, just 
as an aircraft with wings is of little use in deep space, where there is no 
atmosphere to provide lift to the wings. 


Navigation may be defined as the science and technology used to find the posi-
tion and direct the course of vessels and aircraft. New inventions of the 16th 
century included navigational maps; the astrolabe, which allowed sailors to 
record latitude; and the magnetic compass, which allowed explorers to identify 
their direction at sea or on land. These innovations, although not very accurate, 
improved the ability of explorers to find their way to new places and return home 
again. The next great revolution in navigation occurred in the 20th century, when 
radio signals came into wide use. A modern-day explorer can turn on a GPS 
receiver and pinpoint a location to within a few meters. 


The earliest kind of land propulsion was likely human muscle, pulling or pushing 
burdens on sticks or small wooden poles bound together. Progress in propulsion 
accelerated over the centuries with the invention of the wheel; the domestication 
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of the horse; the invention of the steam and combustion engines; the develop-
ment of energy-dense fuels like oil and gasoline; and, in the 20th century, the 
development of chemical propellants for rockets. Nuclear energy is another 
means of propulsion, but its use is limited mostly to long-range naval vessels like 
submarines and aircraft carriers. 


Because a spacecraft-carrying rocket must establish “escape velocity,” the veloc-
ity required to overcome the strong pull of Earth’s gravity, rockets must use high-
energy fuels. The most reliable way to launch humans and payloads into space 
depends on mixtures of highly reactive substances like oxygen, hydrogen, and 
kerosene. Although scientists are looking at ways to utilize innovative propulsion 
systems, such as scramjet technology, to reduce the dependence on chemically 
based propellants, no realistic rival to these mixtures currently exists. 


Once spacecraft are launched into space and the exploration of faraway worlds 
becomes a reality, the capability to get there faster will become essential. New 
methods of propulsion, like solar sails, may be developed. Whatever systems 
prove practical will eventually permit people and supplies to travel farther than 
ever and at higher speeds than are currently possible. 


Vessel design, navigation, and propulsion are integral components of 
transportation. The following activities are designed to increase students’ 
understanding of these aspects of exploration. 


Instructional Objectives 
Students will: 


•	 measure and compare the two-dimensional and three-dimensional space 
of the Godspeed, one of the ships that carried the Jamestown settlers, 
with that of the Orion spacecraft, the Crew Exploration Vehicle that will 
carry astronauts back to the Moon; 


•	 use a compass to identify intersecting points to demonstrate how GPS 
works; 


•	 use a coordinate plane to identify the latitude and longitude of a specific 
location on a map of the Moon; 


•	 compare Landsat maps of the Chesapeake Bay with Captain John Smith’s 
maps of the same area; 


•	 use a map or a magnetic compass to identify cardinal and intermediate 
directions on Captain John Smith’s map; 


•	 construct, estimate surface area of, and test a model kite; 
•	 experiment and compare how three different surface areas affect a kite’s 


flight; 
•	 design an experiment to test different propulsion systems; and 
•	 compare challenges faced by 17th- and 21st-century explorers. 
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Materials 
(Students will need journals and class charts in order to organize 
information throughout this lesson.) 


Engage 
Per class: 


•	 Meter sticks 
•	 65 meters of masking tape (if activity is done indoors or on a blacktop 


surface) or string and 8 stakes (if activity is done in a grassy area 
outdoors) 


•	 Picture of the Godspeed 
•	 Picture of the Orion spacecraft 


Explore 
Activity One: Geospatial Technology 
Per class: 


• Computer with Internet access (optional) 
Per student: 


•	 “Lunar Landing Map” 
•	 “Lunar GPS Coordinates” 
•	 “Lunar Landing Coordinate Grid” 
•	 Geometric compass 
•	 Metric ruler 
•	 Colored pencils 


Activity Two: Mapping Jamestown 
Per class: 


•	 Overhead transparency of “John Smith’s Map of Virginia” 
•	 Overhead transparency of “Landsat Map of the Chesapeake Bay” 
• Overhead projector 


Per student: 
•	 “John Smith’s Map of Virginia” 
•	 Magnetic compass (optional) 


Activity Three: Exploring Sail Size 
Per class: 


• Plastic trash bags cut into strips 
Per group: 


•	 Three sheets of 8 by 11-inch white paper 
•	 Metric ruler 
•	 Three wooden skewer sticks 
•	 Transparent tape 
•	 10 meters of kite string 
•	 Small pieces of cardboard that can be used to wind kite string 
•	 One-hole punch 
•	 “Flight Rating Chart” 
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Explain 
Per student: 


• “NASA and Jamestown Transportation Chart: Vessel Design” 
• “NASA and Jamestown Transportation Chart: Navigation” 
• “NASA and Jamestown Transportation Chart: Propulsion” 


Extend 
Materials will vary depending on the propulsion experiment designed by the 
students, but may include plastic film canisters, vinegar, baking soda, and/or 
effervescent tablets. 


Vocabulary 
astrolabe: an instrument used by navigators to determine latitude, longitude, and 
time of day by measuring the altitude of heavenly bodies 


Global Positioning System (GPS): a satellite navigation system that gives 
special satellite signals that can be processed in a GPS receiver to compute 
position, velocity, and time 


gravity well: the pull of gravity that a large body in space exerts; entering space 
from the surface of a planet means a spacecraft must have enough energy to 
overcome the gravitational pull of the planet, or be able to “climb out of the 
gravity well” 


hypersonic: speeds that are greater than Mach 5, or about five times faster than 
the speed of sound (the speed of sound at the temperature and altitude planes 
fly is 1,225 kilometers per hour [761 miles per hour]) 


inertia: one of the properties of matter in which objects in motion remain in 
motion unless outside forces act to change the motion 


inertial guidance systems: the use of a gyroscope to measure changes in 
speed and direction 


latitude: the angular distance measured in degrees north or south of Earth’s 
equator 


longitude: the angular distance of Earth’s surface measured in degrees east or 
west of the prime meridian at Greenwich, England 


magnetic compass: an instrument that uses Earth’s magnetic field to point north 
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navigation: the science of plotting and following a course from one place to 
another and of determining the position of a moving ship, aircraft, or other vehicle 


propulsion: a force that causes an object to move forward 


shallop: a small, open boat fitted with oars or sails 


trigonometry: a branch of mathematics that deals with the relationship of the 
sides and angles of triangles 


Suggested Pacing: 


50-minute 
class 


periods 
1 class 
period 


(optional) 


6 class 
periods 


Engage Explore Explain Extend Evaluate Total 


1 class 
period 


3 class 
periods 


1 class 
period 


Completed
throughout
the lesson 


 
 


Instructional Procedure 
Teaching Suggestion: Prior to beginning this lesson, create a chart that is 
displayed throughout the lesson to help organize student learning. Ask the 
students to create similar charts in their journals. The charts may be formatted as 
follows, but should be large enough to organize information. 


How do vessel design, navigation, and propulsion affect exploration? 


JAMESTOWN MOON MARS 


VESSEL DESIGN 


NAVIGATION 


PROPULSION 


Engage 
1. Discuss the following questions with the class: 


• Have you ever been on a long trip? 
• How did you get where you were going? 
• What was good about the trip? 
• What were some of the problems? 


2. Ask students to think about the journeys made by early explorers, such as the 
Jamestown settlers, or modern day explorers, such as the astronauts who 
traveled to the Moon. What kinds of problems might they have encountered? 
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3. Transportation is an issue faced by all explorers, whether setting out on a 
family vacation or traveling to a new world for the first time. Vessel design, 
including the shape and size of a vehicle, is important. The shape of the vehicle 
must serve the purpose of the trip and be large enough to carry both the 
explorers and their supplies. Ask students to draw a quick sketch of what they 
think the ships used by the Jamestown settlers might have looked like and to 
draw a sketch of the kind of vehicle the astronauts might use to return to the 
Moon in a few years. 
4. Take the students to a large open area, such as a gymnasium or grassy area 
of the playground. 
5. Have the students measure out an area that is 17 meters long by 5 meters 
wide (56 feet long by 16 feet wide). 
6. Have the students mark the area using masking tape or string. This area will 
represent the deck size of the Godspeed, the middle-sized ship used by the 
Jamestown settlers. 


Teaching Suggestion: Teachers may precut the string, eliminating the need to 
measure the area in order to save time. 


7. Ask students to stand inside the Godspeed area. Remind students that 52

men sailed across the Atlantic Ocean from England in a ship this size.

8. Ask students how it feels to be “on the ship.” How much room does each

person have?

9. Have the students take a minute to write their impressions in their journals.

Remind them that the settlers spent 144 days at sea.

10.Have the students mark a second area that is 5 meters wide by 2 meters long

(16 feet wide by 7 feet long). This area will represent the size of the Orion

spacecraft.

11.Ask six students to step inside this area.

12.Ask the students how comfortable they would be traveling in the Orion

spacecraft. How much room does each person have? How does the size of the

Orion spacecraft compare to the size of the Godspeed?

13.Tell the students that although astronauts can make the trip to the Moon in

only 2.5 days, the trip to Mars may take up to 250 days. A portion of the trip will

be spent in an area this size.

14.Ask the students to write their impressions in their journals.

15.Share student responses.

16.Show students pictures of the two vessels. As a class, discuss how their

string representation is different from the actual vessels. (These are 2
-
dimensional models; the Godspeed and the Orion spacecraft have 3

dimensions.)
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                 Godspeed                                        Orion spacecraft 


17.Give the students the third dimension for each vehicle. For the Godspeed, 
a second deck about 1 meter (3 feet) shorter than the top deck is added. 
This deck is about 2 meters (7 feet) below the top deck. Point out that Orion is a 
gumdrop-shaped craft that is 5 meters (16 feet) at its widest point. On Orion, a 
height of nearly 3 meters (10 feet) is added to the interior space. 
18.Ask students to decide whether the third dimension would make a difference 
in understanding how much space the explorers have. (Answers should explore 
the idea that a second deck will allow the people to spread out across the ship, 
but students should remember that the top deck is used to conduct sailing 
business, so there is not much excess room for the settlers. Because of the 
reduced-gravity environment of Orion, the additional space may give the 
astronauts a little more room, but part of the space is occupied by instruments 
that are used to navigate and control the spacecraft.) 
19.Add any relevant information about vessel design to the class/student charts. 


Assign Journal Prompt # 1 
Using what you have learned from this activity, what do you think the next 
generation of exploration vehicles should look like? You may want to include 
illustrations to support your answer. How does vessel design affect exploration? 


Explore 
Changes and improvements in navigation and propulsion affect exploration. 
These activities help your students understand some of these changes. 


Activity One: Geospatial Technology 
Using geospatial technology, every feature on Earth’s surface is assigned a 
unique address. These addresses are expressed as coordinates, using latitude 
and longitude. One geospatial tool with which students may be familiar is the 
Global Positioning System (GPS). A GPS is able to show people their exact 
position on Earth. GPS satellites orbit at 20,000 kilometers (11,000 nautical 
miles) above Earth. The satellites transmit signals that can be detected with a 
GPS receiver. Each GPS satellite transmits data that indicate the satellite’s 
location and the current time. All GPS satellites synchronize operations so that 
these repeating signals are transmitted at the same instant. The signals, moving 
at the speed of light, arrive at a GPS receiver at slightly different times because 
some satellites are farther away than others. The distance to the GPS satellites 
can be determined by estimating the amount of time it takes for their signals to 
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reach the receiver. When the receiver estimates the distance to at least four GPS 
satellites, it can calculate a position in three dimensions. 


1. Introduce the students to geospatial technology. 


Teaching Suggestion: You may want to show the 30-second NASA KSNN™ 
(Kids Science News Network) video, “How can you find your place in space?” 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=geospatial 


2. Demonstrate how a GPS works using the following example:

Imagine you are somewhere in your town. You are completely lost. You ask

someone, “Where am I?” They tell you that you are about 8 kilometers (5 miles) from the

fire station.



The information you have lets you know you could be anywhere on a circle 8 
kilometers (5 miles) around the fire station. See Diagram 1. 


Diagram 1 


A second person may tell you that you are about 11 kilometers (7 miles) from the 
library. By combining this information with the fire station information, you have 
two circles that cross. You now know that you must be at one of the two points 
where the circles cross, if you are 8 kilometers (5 miles) from the fire station and 
11 kilometers (7 miles) from the library. See Diagram 2. 


Diagram 2 


A third person tells you that you are about 6 kilometers (4 miles) from home. The 
three circles will only cross at one point. See Diagram 3. You can now precisely 
pinpoint your location. 
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Diagram 3 


Teaching Suggestion: This is a two dimensional example. In the real world of 
three dimensions, the three circles are replaced with four spheres. 


3. Distribute copies of the “Lunar Landing Map,” “Lunar GPS Coordinates,” and 
“Lunar Landing Coordinate Grid.”


 Lunar Landing Map Lunar GPS Coordinates Lunar Landing Coordinate Grid 


4. Ask students to look at the “Lunar Landing Map.” Discuss with the class

features of the Moon.

5. Explain to students that the “Lunar Landing Coordinate Grid” is an enlarged

section of the “Lunar Landing Map.” Ask students to identify the Apollo landing

sites that are marked on the “Lunar Landing Coordinate Grid.”

6. Demonstrate how to use a compass and the data on the coordinate cards to

locate specific locations on the “Lunar Landing Coordinate Grid.”

7. Adjust the compass to make a circle with a diameter equal to the given

distance from the point of reference.

8. Place the point of the compass on the point of reference and draw a circle.

For example, adjust the compass to 4 centimeters, place the compass point on

the Apollo 11 landing site, and draw the circle.

9. Ask students to identify and label the given locations.

10.Ask students to exchange papers and check labeled locations for accuracy.

11.Discuss the following questions:



a. Why is GPS technology so accurate? (GPS finds the intersection of 
several data points so only one location is possible.) 
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b. Can GPS technology be used on Mars? Explain your answer. (GPS is 
not available for Mars at this time. The GPS satellites are not high enough in 
Earth’s orbit to pinpoint locations on Mars. At this time, only three satellites 
give readings that can be applied to Mars, and those satellites are not 
synchronous. Even with this limited technology, however, NASA scientists 
were able to target a location for the Mars Rovers and land them within 200 
meters (656 feet) of the chosen site that was more than 450 million 
kilometers (about 280 million miles) from Earth.) 


Teaching Suggestion: Teachers may ask students to record answers to 
discussion questions individually in journals, either prior to class discussion or 
after discussion. 


Technology Insertion Point: If portable GPS units are available, allow students 
an opportunity to experiment with them. 


12.Add any information learned about GPS to the navigation section of the class 
or student charts. 


Activity Two: Mapping Jamestown 
Much of the information historians have about the early settlers of Jamestown 
comes from the interpretation of archaeological finds, official records, or portions 
of diaries that have been found. One of these diaries was written by Captain 
John Smith. 


Captain Smith and the other settlers had crude navigational tools in comparison 
to GPS used today. Still, Smith’s maps of the James River and the Chesapeake 
Bay area were incredibly accurate.


 Landsat Map Captain John Smith’s 


Teaching Suggestion: Print a copy of the “NASA Landsat Map of the 
Chesapeake Bay” and a copy of “John Smith’s Map of Virginia” on 
transparencies. Provide a few clues to help the students orient to the Landsat 
image. For example, ask students to locate Washington, D.C. and Baltimore. Ask 
them to describe the color and shape of the cities as compared to natural 
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objects such as lakes, rivers, and forests. In this image, the vegetation appears 
green to yellow-green. Ask students to locate and follow the major rivers. The 
Landsat image was created with satellite data that was converted into an image. 
This satellite passes overhead every 16 days. We can see changes in the 
Chesapeake Bay by comparing Landsat maps on a seasonal or yearly basis. 
This satellite system has been in place for over 35 years, so we can use the 
satellite images to look at changes dating back that far. Because of the accuracy 
of these Landsat images, we can lay one over another and they match up 
exactly. 


1. Place the transparencies on an overhead projector. 
2. Ask students to compare the two maps. Does Captain John Smith’s map line 
up exactly with the Landsat map? What might account for differences in the 
maps? (Students may note that the Chesapeake Bay has changed over time due 
to erosion, sediment, and development. Captain Smith had only a compass and 
his skills at estimating distance to help him record information on his map. He 
relied on the eyewitness reports of others to fill in the details for places he had 
not personally visited, and those places tend to be less accurately positioned on 
his maps than the places Smith actually scouted himself.) 
3. Give students a copy of “John Smith’s Map of Virginia.” 
4. Ask each student to write a journal entry that tells about a journey from one 
place on the map to another. Ask them to identify the beginning point on the map 
and use compass directions and distances to navigate to the ending point on the 
map. 


Technology Insertion Point: If magnetic compasses are available, allow 
students an opportunity to experiment with them. Make sure students understand 
cardinal and intermediate directions. Additional satellite images are also available 
on the Landsat education Web site, http://landsat.gsfc.nasa.gov/education/. 
Students can find out how satellite images are made or how to make specific 
satellite images. 


5. Ask students to exchange papers and follow the directions in the journal entry 
to locate the ending point for the journey. 
6. Allow time for students to discuss and check their work. 
7. As a class, discuss the importance of navigation tools. What were the 
limitations of the tools used by the 17th-century explorers? What are the 
limitations of 21st-century navigational tools? 
8. Return to the class/student charts and add any new information learned. 


Assign Journal Prompt # 2 
How do explorers find their way across unknown territories? Compare 17th-
century tools to 21st-century tools. 
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Activity Three: Exploring Sail Size 
Ships of the 17th century were rigged with large, rectangular- or triangular-
shaped sails to catch the wind and propel the ship forward. The stronger the 
wind, the faster the boat moved. The Godspeed sported sails with an area of 
about 225 square meters (2,422 square feet). 


With only trade winds and ocean currents to propel ships, explorers were at the 
mercy of the weather and the water. If conditions were unfavorable, a ship simply 
dropped anchor and waited. The first fleet to Jamestown, for instance, anchored 
off the coast of Kent for 6 weeks until the wind blew in the right direction to 
enable the ships to sail down the English Channel. 


Today, NASA is investigating the possibility of using solar sails to propel 
spacecraft of the future. Riding on the light from the Sun, solar sails may be used 
to deliver payloads to a variety of locations in our solar system. Just as the 
sailing ships of past centuries opened up new frontiers for affordable transport 
and exploration, solar sails offer revolutionary capabilities for in-space 
propulsion, transport, and exploration of Earth, the Sun, the planets, and even 
interstellar space. 


A common misconception is that solar sails are pushed by the solar wind the 
same way sailboats are propelled by the wind on Earth. This is not exactly so. 
The density of solar-wind particles is so small that their combined pressure is 
much less than the pressure resulting from even a gentle breeze on Earth. The 
propulsive force for a solar sail comes from the pressure of the light particles 
from the Sun or from lasers. A solar sail is a very large mirror that reflects light. 
As the photons of light strike the sail and bounce off, they gently push the sail 
along by transferring momentum to the sail. Over time, the solar sail spacecraft 
constantly accelerates and achieves an ever-greater velocity. To perform at 
maximum efficiency, solar sails must have a large area to collect as much 
sunlight as possible and must be lightweight, durable, and temperature-resistant. 


1. Assign students to groups of three or more. 
2. Prepare kite tails in advance by cutting plastic trash bags into strips 2 
centimeters by 200 centimeters. Each group needs three kite tails. 
3. Have each student group construct three kites according to the following 
directions: 


For the first kite: 
a. Fold a standard size sheet of paper (8- by 11-inches) in half so the sheet 
is now 8- by 5-inches. See Diagram 1. 


Diagram 1 
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b. Open the sheet. Starting at the fold, measure 3.5 centimeters along the 
top on one side and mark point “A.” 
c. At the bottom, starting from the fold line, measure 9 centimeters and mark 
point “B.” 
d. Draw line segment “AB.” 
e. Repeat the process to mark the reflection of line segment “AB” on the 
other side of the fold. Label this “A’” and “B’” (A prime and B prime) and draw 
the line segment. See Diagram 2. 


Diagram 2 


     f.  Fold the paper in half once more, then fold back along the segments “AB” and 
     “A’B’,” forming the kite shape shown in Diagram 3. 


Diagram 3 


g. Flip the kite over to the back and fold the flap back and forth several times 
until it stands perpendicular to the kite sails. 


Teaching Suggestion: If the kite flap is not perpendicular, it acts as a rudder 
and the kite spins in circles. 


h. Flip the kite over to the front and place a piece of tape firmly along the fold 
line where “AB” meets “A’B’.” 
i. Place a skewer stick across the top of the kite sails at the widest point and 
tape them down, firmly, along the entire length of the stick. Cut any excess 
stick from the pointed end. See Diagram 4. 


Diagram 4 
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j. Tape a kite tail to the bottom of the kite sail where point “B” meets “B’.” 
k. Flip the kite over to the back and punch a hole in the flap about 7

centimeters from the top and 1 centimeter from the fold.

l. Tie one end of the string to the hole and wind the other end onto the 
cardboard string winder. 


For the second kite: 
a. Repeat all of the steps above, adjusting step “b” to measure 1.75

centimeters along the top for point “A.”

b. At the bottom, measure 4.5 centimeters and mark point “B.” 


For the third kite: 
a. Repeat all of the steps above, adjusting step “b” to measure 5.25

centimeters along the top and mark point “A.”

b. At the bottom, measure 13.5 centimeters and mark point “B.” 


Teaching Suggestion: To challenge upper-level students, ask them to calculate 
the area of each kite sail and the aspect ratio for each kite. Formulas and 
directions may be found on the NASA CONNECT™ Web site at 
http://connect.larc.nasa.gov. 
Click on episodes and guides and download the Educator Guide for “NASA 
CONNECT™, The Wright Math.” 


4. Ask students to predict which kite will fly the best and record their answers in 
their journals. Be sure students give reasons to support their predictions. 
5. Before moving to the test-flight area, have students loosely wrap the tail 
around each kite and hold the string winder securely to prevent kite damage. 
6. Choose an open flying area that is free from trees, electrical and telephone 
lines, buildings, and automobile traffic. Wind that is too strong or too light makes 
kite-flying difficult. Ideal winds of 5 to 25 miles per hour are best. Never fly kites 
in rain or lightning. 
7. Allow a few minutes for practice flights. 
8. Then, ask students to evaluate each kite for time spent in the air, stability, and 
control using the “Flight Rating Chart.” 


Flight Rating Chart 


9. Return to the classroom to discuss the following questions with the class: 
a. Which kite did your group rate the highest? 
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b. What was the relationship between the surface area of the kites and their 
flight ratings? 
c. What are the advantages and disadvantages of relying on sails for

propulsion?

d. Compare solar sails to ship sails. How are they the same? How are they 
different? 


Teaching Suggestion: To extend this activity, ask students to attach their kites 
to a simple boat. Place the boats in a small wading pool and use a box fan for 
wind. Ask the students: Did the kites perform the same way on the water as they 
did in the air? What modifications could be made to the sails to make them more 
effective? 


10.Add any new information students have learned about propulsion to the class 
and student charts. 


Explain 
1. Sir Isaac Newton is credited with saying, “If I have seen further than other 
men, it is by standing upon the shoulders of giants.” Post this quotation in the 
classroom. Ask students to explain what they think Newton meant by these 
words. 
2. Transportation is dependent on the vessel design, navigation techniques 
used, and the propulsion that moves a vehicle from place to place. Ask students 
to read the three “NASA and Jamestown Transportation Charts” to find out more 
about the effect of vessel design, navigation, and propulsion on exploration at 
Jamestown, on the Moon, and on Mars. 


NASA and Jamestown Transportation Charts 


3. Pick out key ideas from the readings and include them in the class chart on 
transportation. 


Extend 
1. As we begin to explore further into our solar system, the need for navigational 
accuracy and speed becomes ever more important. Ask students to design 
experiments to test different types of propellants. They may want to visit one or 
more of the following Web sites for ideas: 
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NASA CONNECT™ “Festival of Flight Special: Opening Space for 
Next Generation Explorers” 
http://connect.larc.nasa.gov/programs/2002-
2003/festival_flight/Festival_Flight.pdf 


NASA KSNN™ 21st-Century Explorer

“How Can We Travel Faster in Space?”

http://ksnn.larc.nasa.gov/21Century/p4.html 


2. Ask students to develop a multimedia presentation that shows the parallels 
between exploration of the past and the future. They may choose to focus on the 
themes of transportation: vessel design; navigation; and propulsion; or to include 
other themes of exploration, such as human needs; settlement; and the hunt for 
water. 
3. Complete other lessons from the “Exploration: Then and Now,” NASA and 
Jamestown Education Module. 


Evaluate 
Choose one or more of the following activities to assess student understanding. 


1. Evaluate class/student charts for new information learned during these 
activities. 
2. Assess students’ journal responses. 


3. Ask students to apply what they have learned about transportation to future 
exploration. Have them plan to explore an unknown world; options may include 
another planet, a moon, the center of Earth, or an area beneath the ocean. Ask 
them to design a vehicle that is capable of making the trip and then describe the 
propulsion and navigation systems needed. Have students make presentations 
to their classmates. 


Additional NASA Resources 
These additional NASA resources may extend student understanding about how 
vessel design, navigation, and propulsion affect exploration. 


Vessel Design 
Designed for Grades 3-5 
NASA KSNN™ 21st-Century Explorer 
“Designing a Crew Exploration Vehicle” 
Watch the NASA KSNN™ 21st-Century Newsbreak, “What will replace the 
shuttle?” and conduct the activity to design and build a Crew Exploration Vehicle 
that will be a model for future space exploration. 
http://ksnn.larc.nasa.gov/21Century/p5.html 


Navigation 
Destination Mars: “Getting There—Navigation and Trajectory” 
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The year is 2018 and you must plot the paths of a spacecraft traveling between 
Earth and Mars. Plan the trajectory that will use the minimum amount of fuel and 
take about 6 months to complete. 
http://ares.jsc.nasa.gov/Education/activities/destmars/destmars/htm 


The Landsat Program 
Discover classroom activities that use Landsat data and imagery. Landsat is a 
series of Earth-observing satellites jointly managed by NASA and the U.S. 
Geological Survey. The activity matrix helps locate activities based on grade 
level, product description, and keywords. 
http://landsat.gsfc.nasa.gov/education/activity_matrix.html 


NASA SCI Files™ 
Designed for Grades 3-5
 “The Case of the Technical Knockout” 
More activities about navigation of the past, magnetic compasses, global 
positioning satellites, and celestial navigation can be found in this NASA SCI 
Files™ Educator Guide. An accompanying video is also available. 
http://scifiles.larc.nasa.gov/educators/episodes/2004_2005/knockout/Tech_Knoc 
kout_Complete.pdf 


Propulsion 
“Setting Sail for the Stars“

Find out more about solar sails and how new technological developments and

research could propel spacecraft into deep space.

http://science.nasa.gov/headlines/y2000/ast28jun_1m.htm 


Solar Sail Technology 
Learn about how solar sails work and the NASA mission scenarios that may use 
this technology in the future. 
http://solarsails.jpl.nasa.gov/ 
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Godspeed Student Handout



Courtesy of Colonial National Historical Park 
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Orion  Student Handout



Photo Credit: NASA / Lockheed Martin 
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Lunar Landing Map  Student Handout



Credit: NASA/GSFC 
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                         Lunar GPS Coordinates Student Handout



Directions: Pinpoint your location on the “Lunar Landing Map.” 
1. Set your compass to the distance given from the first landing site. 


2. Find the landing site on the “Lunar Coordinate Grid.” 


3. Place the point of your compass on the landing site. 


4. Draw a circle on the map. 


5. Repeat for each of the other two distances. 


6. Trace each circle in a different color so you can quickly identify where the three 
circles intersect. 


7. Mark the location where the three circles intersect on the map. 


8. Identify the latitude and longitude of each location. 


DATA SET 1 
4 centimeters from Apollo 11 landing site 
2 centimeters from Apollo 16 landing site 


5 centimeters from crater Bruce 


DATA SET 2 
7 centimeters from Apollo 11 landing site 
5 centimeters from Apollo 16 landing site 


10 centimeters from crater Bruce 


DATA SET 3 
5 centimeters from Apollo 11 landing site 
5 centimeters from Apollo 16 landing site 


2.5 centimeters from crater Bruce 


DATA SET 4 
6 centimeters from Apollo 11 landing site 


3.5 centimeters from Apollo 16 landing site 
3 centimeters from crater Bruce 


For Further Exploration: 
Identify a landing site of your own. Measure the distance from any two of the Apollo 
landing sites and from crater Bruce. Record the distance. Give the data set to a 
partner to see if your partner can locate your landing site. 
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             Lunar Landing Coordinate Grid Student Handout
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                 John Smith’s Map of Virginia  Student Handout



Credit: Library of Congress/Geography and Map Division 
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    Landsat Map of the Chesapeake Bay Student Handout



Credit: NASA/ GFSC and USGS Center for Earth Resources Observations and Science 
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Flight Rating Chart Student Handout
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near the Jamestown settlement. These
boats did not have much room for
cargo, but were very useful for putting
ashore anywhere along the riverbank.
Captain John Smith used a shallop to
explore and map the area in and
around the Chesapeake Bay.


designed to hold a crew of three. The
spacecraft was made up of two parts,
or modules. The Command Service
Module contained the life support
systems for the 5-day round-trip to the
Moon; the Lunar Module was designed
to land on the surface of the Moon and


  NASA and Jamestown Transportation Chart: Vessel Design Student Handout 


JAMESTOWN 
Ships in the 17th century, like ships of 
ancient times, were designed to sail 
with the wind behind them. These 
ships, known as “downwind sailers” 
could make little progress against 
winds from the wrong direction. Ships 
often had to wait at port or at sea for 
the right wind direction to continue their 
journeys. The rigs for these ships 
consisted of large square sails and the 
75 lines used to control them. 


Most sailing ships of the time were 
between 9 and 28 meters (30 and 90 
feet) in length. The three ships that 
sailed to Jamestown in 1607, the 
Discovery, the Godspeed, and the 
Susan Constant, were no different. 


The Discovery was the smallest of the 
three ships. She was 11.6 meters (38 
feet) long at the waterline and could 
carry 21 people. This ship was about 
the size of a modern-day school bus. 


The Godspeed was a larger ship, 
boasting a deck that measured 19.5 
meters (64 feet). This ship carried 52 
people and was a little larger than a 
modern-day semi-truck. 


The third ship in the fleet, on which 
Captain Christopher Newport sailed, 
was the largest of the three. The Susan 
Constant was more than 23 meters 
long (76 feet) and carried 71 people. 
The Susan Constant was about the 
same length as a car on a modern-day 
passenger train. 


Each ship carried smaller longboats, or 
shallops, that could be rowed and were 
used to explore the lakes and rivers 


NASA 
Vessel design was very challenging at 
the dawn of space exploration. NASA 
scientists and engineers had to design 
and build craft that would withstand the 
extreme conditions experienced in the 
vacuum of space. 


The first capsules to be shot into space 
were very small and designed only to 
hold a single crewmember. The total 
length of each of the Mercury capsules 
was only about 3.5 meters (11 feet) 
and the pressured volume was a small 
1.5 cubic meters (55 cubic feet). In 
spite of being crammed into a vehicle 
not much larger than a refrigerator, 
Alan Shepard made history when he 
completed America’s first suborbital 
flight. John Glenn later became the first 
American astronaut to orbit Earth, 
spending 4 hours 55 minutes and 23 
seconds in space. 


The space program continued with the 
design of Gemini capsules, which were 
a bit larger, having a pressurized 
volume of nearly 2.3 cubic meters (80 
cubic feet). These capsules were about 
the size of a phone booth or the front 
half of a Volkswagen Beetle, yet 
carried two crewmembers. Astronaut 
Pete Conrad once remarked that his 
time on Gemini 5 was like “spending 5 
days in a garbage can.” Gemini gave 
U.S. astronauts their first real 
experience at living and working in 
space. 


As NASA made plans to land on the 
Moon, a new capsule was designed. 
The Apollo capsules were much larger 
than the Gemini capsules, almost 6 
cubic meters (210 cubic feet), and were 
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near the Jamestown settlement. These 
boats did not have much room for 
cargo, but were very useful for putting 
ashore anywhere along the riverbank. 
Captain John Smith used a shallop to 
explore and map the area in and 
around the Chesapeake Bay. 


The Virginia Indians used a different 
kind of vessel to travel up and down 
the Virginia waterways. Their log 
canoes were square on both ends and 
had flat bottoms. The design was 
difficult to steer, but was quite stable, 
making stepping on and off the boat 
easier. The canoes were powered by 
paddles and poles. William Strachey, 
one of the original Jamestown settlers, 
described the canoes in one of his 
published writings. He wrote, “The 
Indians valued them almost with their 
lives. When Smith began chopping up 
the canoes of Nansemonds, we heard 
their cries.” 


Modern sailing ships of the 21st 
century use technology that allows 
them to harness the wind in any 
direction. The sails and design of the 
ship work together much like airplane 
wings, creating lift as the air moves 
across the sails. 


designed to hold a crew of three. The 
spacecraft was made up of two parts, 
or modules. The Command Service 
Module contained the life support 
systems for the 5-day round-trip to the 
Moon; the Lunar Module was designed 
to land on the surface of the Moon and 
then dock again with the Command 
Module before returning to Earth. The 
crew cabin on the Command Service 
Module was only about 1.8 meters by 
1.8 meters by .9 meters (6 feet by 6 
feet by 3 feet). Imagine sharing a 
space smaller than many closets with 
two other people for several days! 


NASA is currently working on the next 
generation of space vehicles. The 
Orion spacecraft will have a shape 
similar to the gumdrop shape of the 
Apollo capsules, but Orion will be much 
larger, about 19 cubic meters (671 
cubic feet)—about the size of an 
average bedroom. This cone-shaped 
spacecraft will provide a safe, 
economical means of transporting four-
member crews to and from space. 
Orion will replace the Space Shuttle, a 
winged vehicle able to operate on land, 
in the atmosphere, and in space. The 
Shuttle combines the features of a 
rocket, an aircraft, and a glider and has 
been used to carry satellites and other 
cargo into Earth’s orbit. From its first 
flight on April 12, 1981, to today, no 
other spacecraft has been used for so 
many flights. Once the International 
Space Station is completed, NASA will 
retire the Space Shuttle fleet. 
Cumulatively, the five Space 
Shuttles—Atlantis, Challenger, 
Columbia, Discovery, and 
Endeavor—have spent over 1,000 
days in space. 
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angle of the Sun, stars, or the Moon.
By applying math skills and using
charts, the navigator could calculate
the latitude and identify the ship’s
position on a map.


accurate, three-dimensional position in
real time.


        NASA and Jamestown Transportation Chart: Navigation Student Handout 


JAMESTOWN 
Early explorers navigated the water by 
observing landmarks, such as large 
rocks or trees along rivers and 
coastlines. When out of sight of land, 
they gathered clues about their location 
by measuring water depth, monitoring 
wind pattern and wave shape, and 
observing the position of the Sun as it 
moved across the sky. At night, they 
steered by the stars. 


By the 17th century, navigational tools 
had been developed that, while not 
always accurate, gave their users a 
general idea about location. Captain 
John Smith listed the astrolabe and 
magnetic compass as necessary 
navigational instruments to 
successfully navigate a ship in his day. 


Mariners, or sailors, used an astrolabe 
to find the angle of the Sun or specific 
stars in the sky. Applying basic 
trigonometry skills to the angle, a sea 
captain could calculate the ship’s 
latitude. The astrolabe was not always 
reliable and could only be used when a 
clear view of the horizon and an anchor 
point, such as the Sun or another star, 
were visible. 


In later years, celestial navigators 
replaced the astrolabe with a tool 
called a sextant. The sextant was a 
unique precision instrument for 
measuring angles. To measure the 
altitude of a celestial body, the 
navigator pointed the sextant at the 
horizon and slid a movable sighting 
arm up until mirrors in the sextant 
reflected an image of the body onto the 
horizon. The horizon provided a 
baseline against which to measure the 


NASA 
Stars have long been a means of 
identifying one’s position on Earth, but 
they are useful for identifying positions 
in space as well. The astronauts use 
star charts to help them manually 
determine their location. Optical 
navigational systems consist of a 
scanning telescope and a modern 
sextant. Stars are used as anchor 
points or landmarks. 


In addition to star-tracker devices, 
inertial reference systems are used to 
help keep spacecraft stable and on 
course. These inertial guidance 
systems use a kind of gyroscope to 
sense every change in a spacecraft’s 
velocity or direction. A spinning bicycle 
wheel behaves like a gyroscope. 
Gyroscopes are able to sense the 
slightest change in direction or 
orientation of spacecraft. Sensors on 
the gyroscope send information to 
onboard computers that determine a 
spacecraft’s position and velocity 
based on these changes. 


Onboard computer systems receive 
data from the inertial system and from 
ground-tracking stations on Earth. 
These ground-tracking stations use 
space-based systems like a Global 
Positioning System (GPS) to compute 
spacecraft position and velocity. A GPS 
uses radio signals to pinpoint location 
and has become a reliable method of 
navigation. With 24 satellites circling 
the globe in 12-hour orbits, a GPS 
provides near total coverage of Earth. 
A GPS is used for low-Earth orbits, air 
flight, and ground and sea applications. 
When at least four satellites are in 
view, a user can determine an 
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angle of the Sun, stars, or the Moon. 
By applying math skills and using 
charts, the navigator could calculate 
the latitude and identify the ship’s 
position on a map. 


The magnetic compass used by the 
17th-century explorers was one of the 
most reliable navigation instruments 
available at the time. A compass, which
always points north, provided 
navigators with a fixed reference point. 
Using a compass and a map or chart, a 
skilled, careful navigator could direct a 
craft from one destination to another, 
even in fog or at night.  Although 
reliable tools on Earth, compasses do 
not work on the Moon because there is 
little to no global lunar magnetic field. 


Cabin boys were taught to “box the 
compass.” The boys had to memorize 
the 32 points of the compass, as well 
as learn to tell time with a sandglass or 
a sundial. They could check the speed 
the ship was traveling using dead 
reckoning or a log line. 


Dead reckoning was used by early 
explorers as a technique to estimate 
position by calculating the distance, 
direction, and amount of time a craft 
traveled. Explorers could also use dead
reckoning to calculate the distance they
traveled on land. By knowing how 
many paces a person usually walked in 
a given distance and keeping track of 
the number of paces walked, a person 
could estimate the distance traveled 
and record the distance on a map or in 
a journal. 


A log line was another way to measure 
speed. This technique involved 
attaching a rope, divided into equal 
lengths, called knots, to a log on one 


 


 
 


accurate, three-dimensional position in 
real time. 


During the lunar landings, astronauts 
explored the Moon’s surface and 
collected Moon rock samples in the 
Lunar Rover Vehicle (LRV), or “Moon 
Buggy,” as it was called. The surface of
the Moon is a consistently gray color, 
making it difficult to identify specific 
landmarks, such as craters. Apollo 14 
astronauts Alan Shepard and Edgar 
Mitchell abandoned a rock-collecting 
trip when they became confused by the 
landscape. Later, they realized they 
were only about 30 meters (100 feet) 
from the rim of a targeted crater when 
they gave up the search. Subsequent 
Apollo missions included navigational 
equipment for the LRV. 


On January 3, 2004, NASA set a new 
standard for navigational accuracy. 
After traveling over 487 million 
kilometers (302 million miles), the Mars 
Exploration Rover named Spirit landed 
within 200 meters (656 feet) of its 
targeted spot. To accomplish this feat, 
scientists at the NASA Jet Propulsion 
Laboratory accurately calculated the 
exact speeds of a rotating Earth, a 
rotating Mars, and a rotating 
spacecraft, all simultaneously spinning 
in orbits around the Sun. Radio signals 
sent and received by the Deep Space 
Network (DSN) antennas on Earth 
were used to compute the spacecraft’s 
position and velocity. 


Robotic rovers and probes collect data 
from the surface of Mars and other 
planets. Navigational commands are 
sent by radio signals to the rovers, 
allowing the rovers to move a few 
meters each day. With stereoscopic 
cameras and sophisticated 


 


end and a reel on the ship on the other
end. The knots were marked with
colored cloth that was tied to the rope.
When a captain wanted to know how
fast the ship was traveling, one of the
sailors threw the log end of the rope
into the water and counted the number


communication systems, the Mars
Rovers continue to explore the surface
of Mars and send exciting new
information about the planet’s surface
back to Earth.
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end and a reel on the ship on the other 
end. The knots were marked with 
colored cloth that was tied to the rope. 
When a captain wanted to know how 
fast the ship was traveling, one of the 
sailors threw the log end of the rope 
into the water and counted the number 
of knots that unwound from the reel in 
30 seconds, as timed by a sandglass. 
Knots, spaced approximately 15 
meters (50 feet) from the next knot, 
represent one nautical mile per hour, or 
about 1.8 kilometers per hour. An 
average sailing ship could, at that time, 
travel at a speed of about 6 knots per 
hour. 


The English settlers drew careful maps 
and made notes about their locations, 
the plant and animal life they 
encountered, and their interactions with 
the native peoples. Captain John 
Smith’s map of Virginia was amazingly 
accurate, considering the crude 
navigational tools he had at his 
disposal. 


communication systems, the Mars 
Rovers continue to explore the surface 
of Mars and send exciting new 
information about the planet’s surface 
back to Earth. 


As technology improves, explorers will 
find new ways to map unknown worlds. 
Geographic Information Systems (GIS) 
create computerized maps with 
potentially unlimited amounts of 
information available for every point on 
the map. Stacking layers of information 
allows new patterns to emerge and can 
show change over time. Remote 
sensing and satellite imaging enable 
people to study and evaluate the 
dynamic changes on Earth. One 
example is the Landsat system, a 
series of Earth-observing satellites 
jointly managed by NASA and the U.S. 
Geological Survey that collect 
information about Earth from space. 
Today’s and future explorers will be 
able to use remote sensing to identify, 
measure, and observe planetary 
features without having to collect 
physical samples. 
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the sun is coated with a highly reflective
material so that the sail becomes a huge
mirror. A typical solar sail is the size of a
football field. Even in space, particles are
moving at high enough speeds to exert
pressure on a sail roughly similar to that
of wind blowing on sails on Earth. Solar


NASA and Jamestown Transportation Chart: Propulsion         Student Handout 


JAMESTOWN 
With only the winds and the currents to 
provide the propulsion to cross the 
ocean, ships of the 17th century were 
at the mercy of the weather and water 
conditions of the day. The first fleet to 
come to Jamestown anchored off the 
coast of Kent, England, for 6 weeks, 
waiting for the wind to push the three 
ships down the English Channel. 
During that time, precious supplies of 
fresh food and water were consumed 
as the passengers and crew stood by 
helplessly waiting for the winds to 
change. That first trip across the 
Atlantic Ocean to Jamestown took a 
total of 144 days. 


Many sailors, especially those traveling 
from Europe to America, used the trade
winds to help them travel. The trade 
winds are regular, dependable winds 
that blow east to west at the 20 degree 
latitude. Sailors from Portugal, for 
instance, would ride the trade winds 
across the ocean to the Canary 
Islands. Then, they would rely on the 
“westerlies,” companions to the trade 
winds, to help them journey to the 
southern coast of Africa and finally 
back home to Lisbon. 


As ships became powered by sources 
other than wind, shorter routes were 
found across the oceans. By the mid-
1800s, the use of steam engines to 
power ships allowed captains to plot a 
more direct route across the ocean, 
thereby shortening travel times 
considerably. 


NASA 
Traveling as fast as the speed of sound 
was once thought to be impossible, but 
aircraft today can easily fly at supersonic 
speeds. One NASA experimental plane, 
the X-43A, set a speed record of nearly 
Mach 10, or almost 10 times the speed of 
sound. The X-43A used a scramjet 
engine, a unique concept that combines 
hypersonic air-breathing technology with 
supersonic speeds. This technology, 
which scoops up the air around the 
aircraft as it moves forward, can only 
work in an atmosphere. There is no 
atmosphere between Earth and the 
Moon. In order to explore distant worlds, 
spacecraft must be designed to travel 
faster, withstand the harsh environment 
of space, and travel without the help of an 
atmosphere. 


Chemical propulsion helped the Apollo 
astronauts travel to the Moon in 2.5 days 
at speeds faster than 39,000 kilometers 
per hour (more than 24,000 miles per 
hour). The Space Shuttle is propelled by 
an improved chemical-propulsion system 
that uses liquid and solid propellants. 
Traveling at approximately 29,000 
kilometers per hour (18,000 miles per 
hour), the Shuttle orbits Earth every 90 
minutes. The Shuttle, however, is not 
suited for long-duration flights beyond 
low-Earth orbit. NASA is continuing 
research on advanced chemical 
propulsion systems to make flying 
spacecraft out of Earth’s gravity well more 
reliable and efficient. 


Just as the early explorers used sails to 
propel them across the oceans, NASA is 
developing solar-sail technology. Solar 
sails are large, flat, smooth sheets of very 
thin film supported by ultra-lightweight 
structures. The side of the film that faces 
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the Sun is coated with a highly reflective 
material so that the sail becomes a huge 
mirror. A typical solar sail is the size of a 
football field. Even in space, particles are 
moving at high enough speeds to exert 
pressure on a sail roughly similar to that 
of wind blowing on sails on Earth. Solar 
sails, however, do not harness the 
ionized particles from the Sun, known as 
solar winds. The density of solar-wind 
particles is so small that their combined 
pressure is much less than the pressure 
resulting from even a gentle breeze on 
Earth. The Sun, however, exerts a tiny 
but perpetual force on the solar sail as 
the photons of light strike the sail and 
bounce off the reflective surface. The 
momentum from these light particles is 
transferred to the sail, gently pushing the 
sail forward. Over days, weeks, and 
months, the snail-paced acceleration 
builds substantially, resulting in high-
speed velocities. 


“Gravity assist” is another space-flight 
technique that has helped propel a 
number of interplanetary missions, 
including Voyager, Galileo, and Cassini. 
Moving spacecraft use the gravitational 
field of the planets to increase speed 
and/or change course without using 
additional fuel. Commonly referred to as 
the “slingshot effect,” gravity assist is 
more like a pitched baseball that, when 
hit with a bat, soars out of the stadium in 
a different direction. One of the most 
dramatic applications of this technique 
occurred in 1970—the world watched as 
NASA used gravity assist to rescue the 
Apollo 13 astronauts. NASA astronauts 
and engineers were able to use the 
Moon’s gravity to turn the spacecraft 
around and send it safely back home. 
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Settlement
Exploration: Then and Now


Grade Level: 6–8


Connections to Curriculum:


Science and Geography


Teacher Preparation Time:


20 Minutes
Lesson Duration:


Five 50-Minute Class Periods


(See Pacing Chart for Options)


National Science Education Standards


Science as Inquiry


Physical Science


Earth Science


Science and Technology


National Geography Standards


The World in Spatial Terms


Human Systems


The Uses of Geography


Essential Question
How do an area’s location, soil, and
weather affect settlement?


Lesson Overview
This lesson compares the location, soil,
and weather of early Jamestown to the
Moon as each site is considered for
settlement. Students use maps and
graphs to look for patterns and then
make inferences about ways that
location and weather affect settlements.
Students also conduct experiments to
gather data about space radiation
shielding and Moon regolith formation
and then compare their findings to
Earth’s weather and soil.


Background Information
Settlement is affected by location, soil,
weather, and access to natural
resources.


From the 17th century to the 21st
century, all explorers begin with one
basic need: a suitable place to live.


Instructional Objectives
Students will:


• look for patterns in the location of New World colonies;
• plot the Apollo landings on the Moon and identify lunar surface features of


each landing site;
• make correlations between rainfall and mortality in Jamestown from 1604


through 1615;
• interpret and make inferences about rainfall based upon tree rings;
• gather data on space radiation shielding by observing a flashlight beam as


it shines through different materials;
• investigate the effects of micrometeoroid bombardment on regolith


formation;
• make inferences about properties of regolith based upon observations;
• compare samples of the Earth’s soil with simulated lunar regolith; and
• compare the differences in challenges faced by 17th-century and 21st-


century explorers.
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Materials
(Students will need journals and class charts in order to organize
information throughout this lesson.)


Engage
Per class:


• Overhead transparency of “Map of Original 13 Colonies”
• Atlases and United States maps
• Overhead projector


Per student:
• “Map of the Moon”
• “Apollo Landing Sites Chart”


Explore
Activity One: Weather
Per class:


• Overhead transparency of “Jamestown Rainfall Index and Mortality Rate”
• Overhead projector
• Cross sections of tree limbs or trunks (optional)


Per student:
• “Tree-Ring Cross Section Drawing”


Activity Two: Space Weather
Per group:


• Flashlight
• Metric ruler
• Materials to test (all materials should be the same color and about the


same size)
*several sheets of unlined copy paper
*several sheets of tissue paper
*several sheets of construction paper
*several sheets of card stock paper


Explain
Per student:


• “NASA and Jamestown Settlement Chart: Location”
• “NASA and Jamestown Settlement Chart: Weather”
• “NASA and Jamestown Settlement Chart: Soil”


Extend
Per group:


• Microscope or magnifier
• Box lid (shoe-box size)
• Larger box or lid (must be able to fit shoe-box-size lid inside this box or lid)
• Cinnamon sugar graham crackers (enough to line the bottom of the small


shoe-box lid)
• Three to four white-powdered sugar and cake mini-donuts (day-old works


best)
• Three index cards
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• Clear packing tape
• Two different-sized wire strainers (colander, tea strainer, etc.) or two


pieces of different-sized wire screens
• One pair of scissors
• Four containers for holding sifted regolith
• One-hole punch
• Marker
• Earth’s soil samples


Vocabulary
abiotic: not living


basalt: dark gray to black, dense igneous rock


bay:  an inlet of the ocean partly surrounded by land


biotic: living


dendrochronology: the science of dating events by comparative study of growth
rings in trees


drought: a long period of dry weather


geologic terrains: physical features of a piece of land


highland: elevated land on the Moon


impact craters: craters caused by asteroids and meteorites


isthmus: a narrow strip of land connecting two larger land areas


magnetosphere: that region of space around Earth affected by Earth’s magnetic
field such that charged particles are trapped in it


maria: mostly flat, dark areas on the surface of the Moon


mortality: the rate of death in a given population


ozone: the layer of Earth’s atmosphere at about 32 to 48 kilometers  (20 to 30
miles) that helps block most solar ultraviolet radiation from entering the lower
atmosphere


peninsula: a portion of land surrounded by water on three sides
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rainfall index: the amount of rainfall from a series of observations; used as an
indicator or measure


rays: the material that is scattered on the Moon’s surface when craters are
created


regolith: a mixture of fine dust and rocks that covers the Moon’s surface


rilles: long, narrow valleys on the Moon that formed as underground lava
channels collapsed once the hot lava flowed away


solar wind: streams of particles from the Sun


topography: the physical or natural features of the land’s surface


ultraviolet rays: electromagnetic radiation that has a wavelength shorter than
wavelengths of visible light and longer than x-rays; rays that have more energy
than visible light and can cause chemical reactions


wetlands: land or area, such as a tidal flat or swamp, containing much moisture


5 class
periods


Suggested Pacing:
 Engage Explore Explain Extend Evaluate Total


50-minute
class


period


Completed
throughout
the lesson


1 class
period


2 class
periods


1 class
period


1 class
period


Instructional Procedure
Teaching Suggestion: Prior to beginning this lesson, create a chart that will be
displayed throughout the lesson to help organize student learning. Ask the
students to create similar charts in their journals. The charts may be formatted as
follows, but must be large enough to organize information.


How do location, weather, and soil affect settlement?


JAMESTOWN MOON


LOCATION


WEATHER


SOIL
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Engage
1. Discuss the following questions as a class or ask students to write their
thoughts in their journals:


• How does the place where you live affect:
o the clothes you wear?
o the materials you use to build your homes?
o the types of food you can grow?
o your leisure activities?


2. A settlement’s location affects the quality of life for that settlement. Remind
students that the first settlers traveled by ship to the New World. Make an
overhead transparency of the “Map of the Original 13 Colonies”. Ask students to
locate the Chesapeake Bay and the Massachusetts Bay. Review with students
the definition of a bay. (A bay is an inlet of the ocean partly surrounded by land.)


Map of the Original 13 Colonies


3. Explain that colonial towns were built close to the water because access to a
port was important. Discuss why ports were important to the development of a
colonial town. (Major towns and cities needed access to ships bringing people
and goods to and from Europe.)
4. Ask students to use maps and atlases to locate the following colonial cities:


• Boston, MA
• Plymouth, MA
• Philadelphia, PA
• Baltimore, MD
• Williamsburg, VA
• Jamestown, VA


5. Discuss the following questions as a class or ask students to write their
thoughts in their journals:


• What is similar about the locations of all of these colonial cities?
• How does location affect settlement?


6. Review the terms longitude and latitude. Discuss how these coordinates help
to locate exact positions on Earth. Longitude and latitude coordinates for the
Moon start at a point near the crater Bruce (0 degrees latitude, 0 degrees
longitude). Give students a “Map of the Moon”  handout and ask them to locate
and label this point.
7. Twelve astronauts in six Apollo missions landed on and explored the nearside
(Earth-facing side) of the Moon between 1969 and 1972. The six landing sites
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were chosen to explore different geologic terrains. Give each student a copy of
the “Apollo Landing Sites Chart.” Ask the students to locate the Apollo landing
sites on their map of the Moon and to mark these sites with the number of the
Apollo mission. Ask students to identify the topography of the site using
information in the chart and from the map.


            


              Map of the Moon                               


  


       Apollo Landing Sites Chart               


Technology Insertion Point: Sections of the Apollo Landing Sites Chart are
linked to images and QuickTime movies.  To maintain active links, students must
access this chart on the computer.  If the instructor uses paper copies of the
chart, information on the links should be printed.


8. Discuss the following questions as a class or ask students to write their
thoughts in their journals:


• How would you describe the lunar landing sites?
• Identify similar terrain on the map.
• Why do you think these six sites were chosen?
• If you were to choose the next lunar landing site, what site would you


choose? Why?
• How does a site’s location, on the Moon or on Earth, affect settlement?


9. Ask students to add information to the charts they created earlier in their
journals. Return to the class chart and add information learned during these
activities.


Teaching Suggestion: The Apollo Landing Sites activity was modified from
Exploring the Moon:  a Teacher’s Guide with Activities.  Additional activities may
be found in this document, http://lunar.arc.nasa.gov/education/lesson.htm


Explore
Activity One: Weather
1. Make an overhead transparency of the “Jamestown Rainfall Index and
Mortality Rate” graph. Discuss the following questions as a class, based upon the
graph:


• When was the rainfall index the highest?
• When did a drought occur in Jamestown?
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• What is the correlation between low rainfall and mortality? Explain this
correlation.


Jamestown Rainfall Index and Mortality Rate


2. Introduce students to the study of dendrochronology, or tree-ring dating.
Each year that a tree grows, a ring can be seen in a cross section of the tree’s
trunk or large branches. These rings can be used to help reconstruct patterns of
drought and climate change. During years of plentiful rain, the rings are wider;
years of little rainfall or drought produce narrower rings. Tree-ring samples from
ancient bald cypress trees in southeastern Virginia and northeastern North
Carolina give researchers over 800 years of information on rainfall in this region.
Rainfall records  between 1606 and 1612 (early Jamestown) distinguish these
years as having one of the worst droughts during the 800-year period.
3. Give each student a copy of the “Tree-Ring Cross Section Drawing” and ask
the students to highlight the rings that indicate the Jamestown drought. Ask
students to measure the distance between tree rings to compare years of
plentiful rain to years of drought. Is there evidence of another drought? (Note:
The Lost Colony drought is indicated in this drawing. Students may want to find
out more about this failed colony by visiting this National Park Service Web site,
http://www.nps.gov/archive/fora/roanokerev.htm)


Tree-Ring Cross Section Drawing


 4. Ask students to compare the rainfall index/mortality rate graph to the tree-ring
drawing. Discuss the effect that a drought would have had on the Jamestown
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settlers. Consider factors such as availability of food, fresh water, willingness of
the Powhatan Indians to trade food to the settlers, and disease.


Teaching Suggestion: Before beginning this activity, cut cross sections of tree
limbs or trunks to bring to class so students may analyze “real” tree rings.


Activity Two: Space Weather
The Moon has basically no atmosphere. With no atmosphere, there can be no
weather similar to that on Earth and no ozone to protect humans from the Sun’s
ultraviolet rays. Although Jamestown’s weather was harsh, Earth’s atmosphere
protected the Jamestown settlers from ultraviolet rays. The Earth’s
magnetosphere and atmosphere also protected the settlers from solar particles
and other forms of what is known as “space weather.”


Space weather is made of many components including solar particles, magnetic
storms, and radiation from outside our solar system. Solar storms are one source
of space weather. Space is filled with solar wind, debris from comets, and
particles of dust. Space radiation comes from the Sun and from other stars from
outside our solar system.


Because the Moon has no protective atmosphere or magnetosphere, it is not
protected from space weather. When astronauts live and work in space, away
from Earth’s protective atmosphere, they are exposed to more radiation than the
average person is exposed to on Earth. Current spacecraft materials cannot
block all of the radiation in space weather.


For long-duration missions, especially those taking astronauts far away from low-
Earth orbit, more protection from space radiation will be needed. NASA is already
working on how to make spacecraft safer by using different materials to provide
protection.


1. Follow this procedure to help students test and compare different materials as
they are used to block simulated space radiation. Materials to be tested include:
unlined copy paper, tissue paper, construction paper, and card-stock paper.
Students may suggest other paper products to test, if time permits. The light from
a flashlight will represent space radiation.


a. Before testing the materials, ask the students to predict how many
pieces of that material it will take to completely block the light. Ask
students to record their predictions in their science journals.
b. Ask one student in each group to hold the flashlight. He or she should
steady the flashlight on the tabletop so it points up at the ceiling, turn it on,
and keep holding it. Caution: Remind students NOT to look directly into
the flashlight beam.
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c. Ask another member of the group to stack paper on top of the flashlight,
one sheet at a time, to block the light. As each piece of paper is added,
the transmitted light should become weaker. Instruct students to continue
adding sheets until the light is completely blocked, and then record this
number in their journals.
d. Repeat steps a–c with another material until all materials have been


     tested.
2. Discuss the following questions as a class or ask students to write their
thoughts in their journals:


• Which material provided the best shielding from the simulated
space radiation? Explain your choice.


• Compare the mass of the materials. How does the mass of the
material that was the best shield compare to the mass of the other
materials?


• Why would mass be important in choosing materials for spacecraft
and shelters? (Mass is a consideration for NASA due to fuel, space,
and cost issues.


3.  Ask students to add any new information to the class/student charts they
created earlier.


Teaching Suggestion: You may want to show the 30-second NASA KSNN™
(Kids Science News Network) video, “What would you hear in a weather report
from Mars?” found at  http://ksnn.larc.nasa.gov/21Century/p11.html. You will also
find an expanded version of this activity and more explanations about space
weather on this site.


Explain
A living community depends upon the nonliving, or abiotic, factors in its
environment. Abiotic factors include water, topography, landforms, climate, soils,
sunlight, and air quality.


1. Ask students to read the three “NASA and Jamestown Settlement Charts”
to find out more about the abiotic factors of location, soil, and weather;
how they affected the early Jamestown settlement; and how they would
affect possible lunar settlements.
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NASA and Jamestown Settlement Charts


2. Help students add this information to both the class chart and their own
charts.


Extend
1. Earth’s soil is very different from the Moon’s soil, or regolith. Help students


find out more about regolith formation by completing the NASA KSNN™
activity “Making Regolith,” found at
http://ksnn.larc.nasa.gov/21Century/pdf/p10_educator.pdf.


2. Ask students to bring in soil samples to compare Earth’s soil with the
simulated lunar regolith.


3. Discuss the following questions as a class or ask students to write their
thoughts in their journals:


• In your opinion, what topography and location would be best suited
for a settlement?


• How might life in Jamestown have been different if Jamestown’s
soil was more like the soil in your area?


• How might regolith be used as a resource to build shelters on the
Moon?


• How could shelters protect astronauts from space weather?
4. Ask students to develop a multimedia presentation that shows the parallels
between exploration of the past and exploration for the future. They may
choose to focus on the theme of settlement or include other themes of
exploration, such as transportation, human needs, and the hunt for water.
5. Complete other lessons from “Exploration: Then and Now.”


Evaluate
Choose one or more of the following activities to assess student understanding of
how an area’s location, soil, and weather affect settlement.


1. Evaluate the students’ charts. Look for an increase in understanding of
how an area’s location, soil, and weather affect settlement.


2. Ask students to apply what they have learned to other settlements. How
do location, weather, and soil affect any settlement?


3. Assess student journal responses.
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4. Work with students to create a rubric to evaluate the multimedia
presentations created to characterize past and to predict future
exploration.


Additional NASA Resources
Sections of this lesson were adapted from existing NASA educational products.
These additional NASA resources may extend student understanding about how
an area’s topography, weather, and soil affect settlement.


Topography
NASA CONNECT™ Landscape Archaeology: Hidden Treasures
Use a coordinate plane system to create a topographic map of a mystery
planet landscape.
http://connect.larc.nasa.gov/programs/2004-2005/treasures/index.html


Weather
Modeling Solar Wind Collection
Model how different materials collect different solar wind particles.         
http://solarsystem.nasa.gov/educ/docs/ModelSolarWindColTG.pdf


Space Weather
Sun-Earth Connection Education Forum
This site provides additional resources to learn more about space weather.
http://sunearth.gsfc.nasa.gov/


Soil
Clay Lava Flows
Simulate surface lava flows in this experiment to understand some of the
geological processes and structures that form as lava flows across the
Moon's landscape.
http://ares.jsc.nasa.gov/Education/Activities/ExpMoon/LavaFlows.pdf
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Map of Original 13 Colonies
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Map of the Moon                            Student Handout


Credit: NASA/GSFC
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Apollo
12


Apollo Landing Sites Chart                      Student Handout


Apollo
Mission


Landing
Date


Latitude Longitude Major Geologic Features
and Rock Types


Surface
Views of
Landing


Site


Landing Site
(zoom in with
a QT movie)


11 July 20,
1969 1°N 23° E


The major geologic feature for this site is a mare,
the Mare Tranquilitatis or Sea of Tranquility.  The
first site is relatively smooth and level.  In the last


few seconds before landing, the Lunar Module
(LM) was manually piloted by Neil Armstrong to
avoid a sharp-rimmed ray crater which measured


180 meters across (about 200 yards) and 30 meters
deep (about 33 yards).  The major rock type found


at this site was basaltic lava.


Apollo
11


Mare
Tranquilitatis


12 November
19, 1969 3°S 23°W


The major geologic feature for this site is a mare,
Oceanus Procellarum or Ocean of Storms.  Rocks


at this site are basaltic lava and a ray from
Copernicus Crater crosses the site.


Oceanus
Procellarum


14 February
3, 1971 4°S 18°W


The major geologic feature for this site is in the
highlands at the Fra Mauro formation.  This


formation is thought to be ejecta from the Imbrium
Basin.  The site is a hilly region about 49.3 km


(30.6 miles) north of the Fra Mauro crater.


Apollo
14 Fra Mauro


15 July 30,
1971 26°N 4°E


The major geologic features for this site are
Hadley Rille, a mare area near the Mare Imbrium


or Sea of Rains, and the highlands at the foot of the
Apennine mountain range.  The Apennines rise up
to more than 4572 meters (15, 000 feet) along the


southeastern edge of Mare Imbrium (Sea of Rains).
The rocks at this site are breccia and basalt.


Apollo
15 Hadley Rille


16 April 20,
1972 9°S 16°E


This site was a hilly region around Descartes crater
in the lunar highlands.  The landing site had two


basic terrains that were explored and sampled:  the
Cayley Plains, a smooth plains unit, and the


Descartes formation made up of hilly furrowed
highland materials.  The rocks are anorthosite and


highlands soil.


Apollo
16 Descartes


17 December
11, 1972 20°N 31°E


The major geologic feature for this site is a mare,
the Serenitatis basin or Sea of Serenity.  This site,
Taurus-Littrow, takes its name from the Taurus


mountains and Littrow crater which are located in
a mountainous region on the southeastern rim of
the Serenitatis basin.  The rocks are mare soil,


orange soil, basaltic lava, and anorthosite.


Apollo
17


Taurus-
Littrow



http://www.lpi.usra.edu/expmoon/Apollo11/A11_LandingSite_viewsfrom.html

http://www.lpi.usra.edu/expmoon/Apollo12/A12_LandingSite_viewsfrom.html

http://www.lpi.usra.edu/expmoon/Apollo14/A14_LandingSite_viewsfrom.html

http://www.lpi.usra.edu/expmoon/Apollo15/A15_LandingSite_viewsfrom.html

http://www.lpi.usra.edu/expmoon/Apollo16/A16_LandingSite_viewsfrom.html

http://www.lpi.usra.edu/expmoon/Apollo17/A17_LandingSite_viewsfrom.html

http://www.lpi.usra.edu/expmoon/Apollo11/A11zoom.mov

http://www.lpi.usra.edu/expmoon/Apollo12/A12_Animation.mov

http://www.lpi.usra.edu/expmoon/Apollo14/A14zoom.mov

http://www.lpi.usra.edu/expmoon/Apollo15/A15zoom.mov

http://www.lpi.usra.edu/expmoon/Apollo16/A16zoom.mov

http://www.lpi.usra.edu/expmoon/Apollo17/A17zoom.mov
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Jamestown Rainfall Index and Mortality Rate


Courtesy of Colonial National Historical Park
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Tree-Ring Cross Section Drawing            Student Handout


 Courtesy of Colonial National Historical Park







Exploration: Then and Now                                                                             NASA and Jamestown Education Module
EG-2006-09-25-LaRC                                                                                                           Settlement    Page 17 of 21  


On May 13, 2007, Jamestown marks its
400th anniversary as the site of the first
permanent English-speaking settlement
in North America. The area has
remained continuously populated since
that time, but Native Americans were
the first known inhabitants. Based on
recent discoveries at Jamestown,
anthropologists believe native peoples
began to use Jamestown Island’s
natural resources over 10,000 years
ago!


That was a fact unknown to the English
voyagers who landed on the shoreline
of what would become known as the
Jamestown settlement. Once the boats
the Susan Constant, the Godspeed,
and the Discovery docked, 104 weary
colonists trudged from their cramped
quarters onto swampy, marshland.
These men had been at sea for nearly
5 months, sent by the Virginia
Company of London, England. The
Jamestown site was a peninsula,
connected to the mainland by a narrow
isthmus and protected on three sides
by the James River, the Back River,
and Sandy Bay.


The men were directed by the Virginia
Company to find “the true, most
wholesome and fertile place” to settle,
and the Jamestown site was defensible
since it had a deep harbor close to
shore. About 48 kilometers (30 miles)
upriver from the Chesapeake Bay, this
site was also easily accessible for
overseas trade. The forests were filled
mostly with hardwood trees. Walnut,
beech, oak and hickory trees covered
the low-lying land.


Twelve astronauts in six Apollo
missions landed on and explored the
nearside (Earth-facing side) of the
Moon between 1969 and 1972. The six
landing sites were chosen to explore
different geologic terrains. The first
lunar landing site, Mare Tranquilitatis,
was relatively smooth and level.
However, in the last few seconds
before landing, Neil Armstrong needed
to manually pilot the Lunar Module to
this site to avoid a sharp-rimmed ray
crater named West. Apollo 11’s Lunar
Module landed safely about 6
kilometers (3.7 miles) from the original
site. The other five successful Apollo
missions explored hilly regions,
craters, the Apennine mountains,
smooth plains, and highlands.


More than 80 percent of the Moon is
ancient, heavily cratered highland. The
rest of the surface is made up of
younger, basalt-covered, plains-like
areas called maria. There are many
impact craters, some with bright rays;
crater chains; and the long, narrow
valleys known as rilles.


Latitude and longitude coordinates for
the Moon start at a point near the
crater Bruce. From this starting point
(0° latitude, 0° longitude) locations
toward the east side of the Moon (the
direction in which the Sun rises) are
indicated with east longitude values.
Locations toward the west side (the
direction in which the Sun sets) have
west longitude values. North latitude is
measured toward the Moon’s north
pole. South latitude is measured
toward the Moon’s south pole.


JAMESTOWN NASA


NASA and Jamestown Settlement Chart: LOCATION            Student Handout
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In 1607, Jamestown’s tidal wetlands
looked much like the tidal wetlands of
today. The sea level, however, was
about 1 meter (3 feet) lower then than
now, exposing more land.


Early accounts of this area vary in their
descriptions. John Smith thought
“heaven and earth never agreed better
to frame a place for man’s habitation.”
Smith added that “the country is not
mountanous[sic] nor yet low but such
pleasant plaine hils[sic] and fertle
valleyes[sic], one prettily crossing an
other[sic], and watered so conveniently
with their sweet brookes[sic] and
christall[sic] springs, as if art itselfe[sic]
had devised them.” Gabriel Archer
described the area this way. “This land
lieth[sic] low at the mouth of the river
and is sandy ground, all over beset with
fair pine trees. It is generally
replenish’d[sic] with wood of all kinds
and that the fairest, yea, and the best
that ever any of us (traveler or
workman) ever saw, being fit for any
use whatsoever, as ships, houses,
planks, pales, boards, masts, wainscot,
clapboard—for pikes or elsewhat[sic].”
On first impression, the area appeared
to be exactly what the settlers needed
to build their new homes.


Chief Powhatan was the leader of the
Powhatan Indians, a powerful tribe who
lived near Tidewater Virginia, where the
Englishmen had chosen to build their
new settlement. Both Chief Powhatan
and his daughter Pocahontas became
important to the Jamestown settlers.
Chief Powhatan’s description of the
area was based on more than first
impressions. Calling the area around
Jamestown “waste ground,” the
Powhatan Indians knew it was difficult
to find fresh water there. None of their
villages were built in the tidal wetlands.


Many years have passed since
members of the Apollo 17 crew walked
on the surface of the Moon in 1972.
Although NASA has not been back to
the Moon, more than 400 explorers
have ventured into space. Subsequent
missions have included the building of
the International Space Station (ISS).
Since October 31, 2000, at least one
person from Earth’s population has
lived on the ISS, working to improve
life on Earth and marking the
permanent presence of mankind in
space.


NASA plans to return to the Moon and
eventually build a base there.  Before
humans return to the Moon, NASA will
conduct robotic missions to learn more
about the lunar surface. These
missions will help determine potential
lunar landing sites and explore whether
resources, such as oxygen, hydrogen,
and minerals, are available.  The
missions will include searches for
water ice in permanently-shadowed
craters at the lunar south pole.
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NASA and Jamestown Settlement Chart: WEATHER       Student Handout


JAMESTOWN NASA
By mid-May 1607, the early Jamestown
settlers realized that the weather in
their new land was very different than
the weather in England, their homeland.
Summer in England had little humidity
and few insects. Summer in
Jamestown, with tropical humidity and
oppressively high temperatures, bred
mosquitoes and biting flies. And
winters, as the settlers soon
discovered, were as cold as the
summers were hot.


Evidence from archeological digs
shows that 1607 fell within a cool period
in North America and western Europe
that historians call the “Little Ice Age.”
The heat of summer did not last; the
colonists were greeted by a severe
winter in 1607–1608. The harsh
conditions were compounded by the
fact that they also had to endure one of
the worst droughts in nearly 800 years.


Dendrochronology is the scientific study
of tree rings. Evidence found in the
rings of ancient, living bald cypress
trees near present-day Jamestown
Island, supports the theory that a
drought occurred from 1606 through
1612. This drought contributed to poor
water quality and difficult growing
seasons. Food supplies ran very low
and many of the settlers starved to
death.


The Moon has little or no atmosphere. With
no atmosphere, there is no weather as we
recognize it on Earth and no ozone to
protect astronauts from the Sun’s
ultraviolet rays. Although Jamestown’s
weather was harsh, Earth’s atmosphere
protected the settlers from ultraviolet rays.
Earth’s atmosphere and magnetosphere
also protected the settlers from solar
particles and other potentially harmful
energetic particles known as “space
weather.”


Because the Moon has no protective
atmosphere or magnetosphere, it is not
protected from space weather. Space
weather affects the Moon and can be
harmful for any people on the lunar
surface. Dangers include significant, long-
term risk of cancer.


Solar storms are one source of space
weather. Space is filled with solar wind,
debris from comets, and particles of dust.
The solar wind is composed mostly of
hydrogen and helium, with trace amounts
of neon, carbon, and nitrogen. It strikes the
lunar surface and is implanted into mineral
grains lying there. These elements build up
over time. Clues to the history of the Sun
are stored in the lunar regolith. By
analyzing these solar-wind products, we
can learn more about the Sun’s lifecycle.
These same solar-wind gases may prove
useful if people establish permanent
settlements on the Moon. Life-support
systems require the life-giving elements
hydrogen and oxygen (for water), carbon,
and nitrogen. Plenty of oxygen is contained
within the silicate minerals of lunar rocks,
and the solar wind could provide the
remaining elements.
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perhaps 20 meters on the oldest
surfaces in the highlands. Lunar
regolith has mixed local material so
that a shovelful contains most of the
rock types that occur in an area. The
regolith is a great rock collection.


NASA and Jamestown Settlement Chart: SOIL                 Student Handout


JAMESTOWN NASA
Soil is a product of weathering.
Weathering includes all the processes
that cause rocks to fragment, crack,
crumble, or decay. Once rock debris is
weathered, it can be loosened and
carried away by erosion. Running
water, high-speed wind, and ice move
rock debris and soil from place to place
on Earth. As soil mixes with decaying
plants and animals, it becomes rich and
fertile.


In 1607, Gabriel Archer described the
soil around Jamestown as “… more
fertile than can be well express’d[sic]; it
is altogether aromatical[sic], giving a
spicy taste to the roots of all trees,
plants, and herbs, of itself a black, fat,
sandy mould[sic], somewhat slimy to
touch and sweet in savor, under which
about a yard is in most places a red
clay fit for brick.” Today, the soil of
Jamestown is known to be sandy loam
deposited over packed clay.


The Jamestown settlers had been
instructed to try farming on a small
scale. The sandy soil, however, did not
hold moisture well, and the onset of a
drought killed what crops they did
manage to plant.


Jamestown Island was originally a
peninsula during the time of the early
settlers. But the waters around it were,
and remain, restless, eating away the
land. Some contemporary studies
indicate that the shoreline was eroding
rapidly, even during the time of the
English colonization, at rates as high as
1.5 to 1.8 meters (5 to 6 feet) each
year. Wave action would eventually turn
the peninsula into an island.


A mixture of fine dust and rocks called
regolith covers the Moon. Some
scientists call this “lunar soil,” but it
contains none of the rich, organic
material found in Earth’s soils. Lunar
regolith is made up mostly of
fragments of lunar rocks found in the
area. Mixed in with these local rocks
are interplanetary and deep-space rock
fragments, tossed in by the
bombardment of meteoroids pounding
into the lunar surface. Above a base of
fractured bedrock, the regolith
becomes thicker as impacts continue
to rework it. With no weathering and
erosion on the Moon, the powdery
surface does not wash away.


The lunar surface is charcoal gray and
sandy, with a sizable supply of fine
sediment. Meteorite impacts over
billions of years have ground up the
formerly fresh surfaces into powder.
Because the Moon has virtually no
atmosphere, even the tiniest meteorite
strikes a defenseless surface at full
speed, at least 20 kilometers/second
(12 miles/second). Some rocks lie
thrown about the surface, resembling
boulders sticking up through fresh
snow on ski slopes. Even these
boulders will not last long, maybe a few
hundred million years, before they are
ground up into powder by the steady
rain of high-speed projectiles. Of
course, an occasional larger
meteoroid, about the size of a car,
arrives and carves fresh rock from
beneath the blanket of powdery soil.
Falling meteoroids continue to grind
the fresh boulders down, slowly but
inevitably.


The layers of regolith vary, from about
2 meters on the youngest maria to
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Recent archaeological excavations at
Historic Jamestowne have uncovered
hundreds of thousands of artifacts
dating to the first half of the 17th
century. Nearly half of the objects date
to the first years of the English
settlement (1607–1610). Many of these
items have been well preserved by the
hard clay soil that forms the base of
Jamestown Island.


Most people had believed that the site
of the original fort had washed into the
James River as the shoreline receded.
Archaeologists, however, have
uncovered large sections of the
Jamestown triangular fort, built soon
after the first colonists landed. As the
artifacts are cleaned and studied, new
information about Jamestown and the
people who settled there is being
discovered.


perhaps 20 meters on the oldest
surfaces in the highlands. Lunar
regolith has mixed local material so
that a shovelful contains most of the
rock types that occur in an area. The
regolith is a great rock collection.


The regolith contains rock and mineral
fragments from the original bedrock. It
also contains glassy particles formed
by the impacts. In many lunar regoliths,
half of the particles are composed of
mineral fragments that are bound
together by impact glass. The chemical
composition of the regolith is similar to
the composition of the bedrock.
Regolith in the highlands is rich in
aluminum, as are the highland rocks.
Regolith in the maria is rich in iron and
magnesium, which are elements also
found in basalt.
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Human Needs 


Exploration: Then and Now 
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National Science Education Standards


Science as Inquiry 


Physical Science


Science and Technology


Science in Personal and Social 


Perspective 


National Health Education Standards 


Demonstrate the ability to practice health-
enhancing behavior and reduce health


risks. 


Demonstrate the ability to use goal-
setting and decisionmaking skills to


enhance health.


Essential Questions 
How do people adapt to new 
environments? 
How will basic needs be met in new 
worlds? 


Lesson Overview 
This lesson investigates human needs and 
how humans adapt to new environments. 
Students experiment to understand the 
effects of physical stress on muscles. They 
also identify food properties that make foods 
suitable for space flight and travel during 
colonial times. Using the new food-guide 
pyramid, students create a food and activity 
plan for healthy eating and then modify this 
plan based upon what they learn about past 
and present exploration. 


Background Information 
Human beings have certain basic needs. We 
must have food, water, air, and shelter to 
survive. If any one of these basic needs is not 
met, then humans cannot survive. 


Before past explorers set off to find new lands 
and conquer new worlds, they had to make 
sure that their basic needs were met.

Supplies of food and water were brought on

the journey or were gathered along the way. Shelter, such as a tent, was either carried

or built to protect explorers from the weather or other dangers.



Basic human needs have not changed much since the 17th century. We continue to

explore to better understand our own world and to address the modern challenges that

face societies in general. Beyond the boundaries of Earth, 21st-century explorers will

face a unique set of challenges as they return to the Moon, travel to Mars, and scout

the far reaches of the solar system.



Instructional Objectives 
Students will: 


•	 explore the effects of physical stress on muscle; 
•	 identify food properties and design tests to select suitable foods for travel during 


colonial times and space flight; 
•	 create a food and activity plan for healthy eating and modify the plan for 17th-


century travel and 21st-century space travel; and 
•	 compare the differences in challenges faced by 17th-century and 21st-century 


explorers. 
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Materials 


(Students will need journals and class charts in order to organize information 
throughout this lesson.) 


Engage 
Per partnership: 


•	 Spring-hinge clothespin 
•	 Stopwatch 


Explore 
Per group: 


•	 Different food samples. Food samples may include fruits, vegetables, breads, 
crackers, drinks, meats, or any other readily available food. 


Explain 
Per student: 


•	 “NASA and Jamestown Human Needs Chart: Food/Water” 
•	 “NASA and Jamestown Human Needs Chart: Health Concerns” 


Extend 
Per group: 


•	 Internet access 


Vocabulary 
atrophy: a decrease in size or wasting away of a body part or tissue 


bloodletting: a common medical practice of the 17th century consisting of draining 
blood from a person’s body to cure specific diseases 


brackish water: water that is a mixture of freshwater and saltwater 


circadian clock: often referred to as circadian rhythm, an internal biological timer with 
a set number of hours; each individual has their own internal clock that appears to 
control biological processes, including sleep, hunger, and hormone production 


dysentery: an infection of the intestine that causes severe diarrhea 


famine: extremely low food supply that leads to starvation 


irradiated food: food that has been preserved by exposure to specific heat or light 
radiation 


natural form foods: foods that can be eaten without additional processing 
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5 class 
periods 


proprioceptors: sensory receptors found chiefly in muscles, tendons, joints, and the 
inner ear that detect the motion or position of the body or a limb; some proprioceptors 
are found on the bottom of your feet 


rehydratable food: food that has been preserved by removing the water; water is 
added to the food before it is eaten 


resistive exercise: an activity that strengthens bone and muscle by pushing against a 
force using your own body weight 


thermostabilized food: food that has been preserved using heat to destroy harmful 
bacteria 


typhoid fever: an acute infection of the intestines 


vestibular system: a bodily system that helps regulate balance and motion and is 
involved with equilibrium 


Suggested Pacing:
 Engage Explore Explain Extend Evaluate Total 


50-minute
class 


period 


 Completed 
throughout 
the lesson 


1 class 
period 


2 class 
periods 


1 class 
period 


1 class 
period 


Instructional Procedure 
Teaching Suggestion: Prior to beginning this lesson, create a chart that will be 
displayed throughout the lesson to help organize student learning. Ask the students to 
create similar charts in their journals. The charts may be formatted as follows, but 
should be large enough to organize information. 


How do people adapt to new environments? 
How will basic needs be met in new worlds? 


JAMESTOWN MOON 


FOOD/WATER 


HEALTH CONCERNS 


Engage 
Generally, when we think of stress, we think of emotional stress, such as being 
overworked, mentally tired, or overwhelmed by our daily lives. You would imagine that 
exploring and settling new worlds would be emotionally stressful for both 17th-century 
explorers and 21st-century explorers. Too much emotional stress is not good for 
anyone. 
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Emotional stress is not the only kind of stress. Our bodies, including our muscles and 
bones, need some physical stress to be healthy and to grow. Gravity’s pull is a force 
that creates physical stress for everything on Earth. Living and working in a reduced-
gravity environment eliminates some physical stress. 


Physical stress occurs when bones and muscles work against a force. It occurs when 
we pick up something heavy, like a large bag of potatoes. Gravity pulls down on the 
bag and we have to work to overcome that force to lift the bag. The resistance of water 
when swimming also creates physical stress. Muscles and bones have to work against 
the water to move the body. Gravity pulls on our bodies and our muscles and bones 
work to counteract that force and keep us balanced. 


Stress from physical activity is necessary for bone growth and maintenance. The body 
builds bone based on its needs. Muscles also rebuild and grow as a result of physical 
stress. Stress can lead to change in either muscle strength or muscle stamina (the 
ability to perform an activity for a long time without becoming tired). High-intensity, 
short-duration exercises (or stresses), like weight lifting, cause the muscles to increase 
in strength. Low-intensity, long-duration activities, such as running and swimming, 
cause muscles to increase in stamina. 


Much more is understood about the human body and how it adapts to new 
environments today than was understood during the 17th century. The Jamestown 
settlers lived in cramped spaces when they traveled from England. Movement and 
exercise was limited. Although these cramped quarters compromised the health of the 
Jamestown settlers, their bodies still benefited from physical stress. 


This activity helps your students understand some of the benefits of gravity and 
physical stress. 


1. Discuss the following questions as a class or ask students to write their thoughts in 
their journals: 


•	 Imagine that you are an explorer ready to begin a new adventure. What feelings 
might you have before you begin your exploration? 


•	 Would you be worried about having enough food, water, and air? 
•	 Would your feelings be different if you were a 17th-century explorer compared to 


being a 21st-century explorer? 
•	 What is stress? 
•	 Would you feel stress in both situations? 


2. Discuss the differences between emotional and physical stress and discuss how/why 
the body needs physical stresses, such as exercise, to be healthy. 
3. Explain to students that they will be exploring the effects of physical stress on the 
muscles in their hands. 
4. The first trial will test each student’s initial muscle strength and stamina. Students 
will work with partners to conduct the activity following these directions: 


•	 Before each trial, the first person will predict the number of times he or she will 
be able to click the clothespin in 1 minute. 


•	 Students will create their own data chart to organize their predictions and

observed data.
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•	 One partner will hold a clothespin in his or her nondominant hand between the 
thumb and index finger. 


•	 The other partner will time 1 minute and count the number of times the first 
partner is able to click the clothespin. 


•	 The first person running the test will rest for 1 minute and then click the 
clothespin for another minute. This step will be repeated a total of three times. 


•	 Partners will switch roles. 
5. After students have completed all trials, ask the following questions: 


•	 How do the muscles in your hand feel? 
•	 How did your hand feel after the first minute? The second minute? The third 


minute? 
•	 Why do you think this happened? 


6. Every other day for the next two weeks, have students repeat this exercise. This 
repetition is the conditioning period. The stress induced by the clothespin on the 
muscles of the hand will cause the muscles to become stronger and increase stamina. 
Students should predict and report their results each day. 
7. Discuss these questions as a class or ask students to write their thoughts in their 
journals: 


•	 What is the difference between muscle strength and muscle stamina? 
•	 How did strength and stamina change in your hand over the conditioning



period?

•	 Compare your predicted results and actual results. Did your predicted results 


improve over the course of the experiment? 
8. Some current countermeasures for bone and muscle loss during long-duration space 
flight include nutrition and exercise. Without adequate nutrition, problems can arise for 
every system in the body. Ensuring that astronauts have the right nutrients in their food 
is critical for their health before, during, and after flight. At the same time, performing 
daily exercise also helps astronauts decrease bone and muscle losses. Continue the 
class discussion by asking these questions: 


•	 What do astronauts do to counteract bone and muscle deterioration during long-
duration space flight? 


•	 How would a long-duration space flight compare to the trip from England to 
Jamestown in 1607? 


•	 What must all explorers do to prepare to live in unfamiliar worlds? 


Teaching Suggestion: You may want to show the 30-minute NASA CONNECT™ 
video “Good Stress: Building Better Muscles and Bone” to your students, found at 
http://connect.larc.nasa.gov/programs/2004-2005/good_stress/index.html. 
You will find an expanded version of this activity in the NASA CONNECT™ educator 
guide at this site. This activity originally appeared in From Outer 
Space to Inner Space/Muscles and Bones: Activities Guide for Teachers created by 
Baylor College of Medicine for the National Space Biomedical Research Institute under 
NASA Cooperative Agreement NCC 9-58. This activity is used with permission of 
Baylor. All rights reserved. A copy of this guide can be downloaded at 
http://www.nsbri.org/Education/TG/TG_Muscles.pdf


9. Ask students to add information to the charts they created earlier. Return to the 
class chart and add information learned during this activity. 



http://connect.larc.nasa.gov/programs/2004-2005/good_stress/index.html

http://www.nsbri.org/Education/TG/TG_Muscles.pdf

http://connect.larc.nasa.gov/programs/2004-2005/good_stress/index.html
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Explore 
Food is a basic need. Having enough food and meeting nutritional requirements while 
traveling has always been a problem for explorers. 


In 1607, the Godspeed, the Discovery, and the Susan Constant journeyed with 104 
settlers for nearly five months on a voyage from England to Virginia. Food and water 
were carried with the travelers. Limited space and lack of preservation techniques 
reduced the types of food that could be carried. Early explorers dried and stored food in 
cool places. They also used sealed containers. 


Astronauts must also take their food with them when they travel. Some of the same 
methods used by early explorers are still being used to store food aboard the Space 
Shuttle and the International Space Station. Preparation varies with the food type. 
Some foods can be eaten in their natural form, such as fruit. Other foods require 
adding water to rehydrate them, such as broccoli in cheese sauce. 


With no food refrigerators in space, food must be specially prepared and preserved to 
avoid spoilage. Settlers in 1607, during the time of Jamestown exploration, faced the 
same obstacle. 


Teaching Suggestion: Gather a variety of food samples to be tested and identified as 
suitable or not suitable for space travel. You should have at least two different food 
samples for each test group. Make sure each group has a different combination of 
food. 


1. Brainstorm as a class to create a list of foods that students might take with them in a 
sack lunch on a field trip and discuss reasons for choosing these foods. 
2. Review this list to identify foods that astronauts might also take on a trip into space. 
Discuss some criteria about food suitability for space flight. Some criteria might include: 


•	 easy to package 
•	 fits into acceptable size packages for portion control 
•	 provides proper nutrition 
•	 acceptable taste and odor 
•	 travels well and fits into storage compartments 
•	 does not produce crumbs (crumbly or loose foods can float and 


contaminate the inside of a spacecraft and become an annoyance or 
even a hazard to crews and equipment) 


•	 stores well for long periods of time without spoiling 
•	 simple to prepare for eating 


Teaching Suggestion: You may want to show the 30-second NASA KSNN™ (Kids 
Science News Network) video, “Why do astronauts eat tortillas instead of bread?” 
found at http://ksnn.larc.nasa.gov/21Century/p2.html. You will also find an expanded 
version of this activity and more explanations about food preparation for space travel 
on this site. 


3. As a class, develop a list of properties that your class will use to determine food 
suitability for space flight. Use these properties to create a data chart in the journals. 



http://ksnn.larc.nasa.gov/21Century/p2.html
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4. Break students into small groups and ask them to develop tests to evaluate food 
samples for the properties that would make them suitable for space flight. Tests might 
include: 


•	 handling the food to test for crumbs 
•	 wafting the food to test for desirable smells 
•	 conducting a simulated bite test to produce crumbs 
•	 reviewing the food label to test for proper nutrition and portion size 


5. Ask students to describe test procedures in their journals. Give each small group 
    one or two foods to test for space flight suitability. 


Teaching Suggestion: Stress safety issues. Ask students to wear safety glasses and 
demonstrate rules of the science laboratory regarding smelling (wafting).Tasting is not 
allowed in the science laboratory. Discuss proper clean-up procedures. 


6. Based upon test results, create a list of foods suitable for space flight. 
7. Discuss these questions as a class or ask students to write their thoughts in their 
journals: 


•	 What qualities make the best foods for space travel? 
•	 Would the same types of foods have been suitable for the Jamestown 


journey? 
•	 How would you package these foods for a long-duration space flight? 
•	 How would you package these foods for the 1607 Jamestown journey? 
•	 Compare the way the food is packaged in the grocery store to the way
      it was packaged in 1607?
•    How is this different than the packaging used for space flight? 


     8. Ask students to add any new information to the charts they created earlier. Return to    
t                          the class chart and add any new information learned during these activities. 


Explain 
Food and water are essential for human survival. Although the human body usually 
cannot live more than two weeks without water, the length of time that a person can 
live without food varies depending on the size of the person. The body will use its fat 
and stored protein (muscles) to survive. 


Maintaining good health requires proper nutrition, exercise, adequate sleep, and proper 
medical care. To further protect astronauts’ health, NASA scientists are studying how 
space flight and changes in gravity affect the human body. If humans are going to 
make long-duration space flights, researchers must learn more about bone loss and 
muscle atrophy and how to reduce the effects of an extended stay in a reduced-gravity 
environment. 


1. Ask students to read the two “NASA and Jamestown Human Needs Charts” to find 
out more about the importance of food, water, and health concerns for NASA and the 
early Jamestown settlement. 
2. Identify key ideas in the readings. 
3. Help students add this information to both the class chart and their own charts. 
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 Food and Water Chart        Health Concerns Chart 


Extend 
Healthy eating is a concern for everyone. A new food-guide pyramid was released by 
the United States Department of Agriculture (USDA) in 2005 that encourages 
consumers to make healthier food choices, to be active every day, and to make 
personal choices that fit their needs. 


1. The new food pyramid is not a one-size-fits-all plan. Take your students to the food 
pyramid Web site, http://www.mypyramid.gov/, for a quick estimate of what and how 
much they need to eat. Posters, interactive computer games, and education resources 
are also available at this site. 


Teaching Suggestion: An interesting game to introduce the new food pyramid can be 
found in the NASA SCI Files™ Educator Guide for “The Case of the Physical Fitness 
Challenge.” This game can be found at 
http://scifiles.larc.nasa.gov/educators/episodes/2005_2006/fitness/fitness_seg3.pdf, on 
page 65. 


2. Give students the following tasks to respond to in their journal: 
• Create a food and activity plan for your own healthy eating. 
• Use the plan for the following explorations: 


• How would this plan change if you were a 1607 Jamestown settler? 
• How would this plan change if you were to travel and live on the 
Moon? 


3. Ask students to develop a multimedia presentation that shows the parallels between 
past and future exploration. They must focus on the theme of human needs but may 
include other themes of exploration, such as transportation, settlement, and the hunt 
for water. 
4. Complete other lessons from the “Exploration: Then and Now,” NASA and 
Jamestown Education Module. 


Evaluate 


Choose one or more of the following activities to assess student understanding. 


1. Evaluate the students’ charts. Look for an increase in understanding about how 
people adapt to new environments. How were basic needs met for the Jamestown 
settlers? How does NASA provide for an astronaut’s basic needs? 
2. Ask students to apply what they’ve learned to other environments. How do people 
adapt to other environments? How are basic needs met in new situations? 
3. Assess students’ journal responses. 



http://www.mypyramid.gov/

http://scifiles.larc.nasa.gov/educators/episodes/2005_2006/fitness/fitness_seg3.pdf
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4. Work with students to create a rubric to evaluate the multimedia presentations 
created to parallel past and future exploration. 


Additional NASA Resources 
Sections of this lesson were adapted from existing NASA educational products. 
These additional NASA resources may extend student understanding about ways that 
human needs are met and how humans adapt to new environments. 


Food and Water 
Designed for Grades 3–5 
The NASA SCI Files™ “The Case of the Great Space Exploration” 
Design a nutritionally balanced diet for long-duration space flight. 
http://scifiles.larc.nasa.gov/educators/episodes/2004_2005/gs.pdf 
Page 90 


NASA KSNN™ 
Visit the KSNN™ Web site to watch a 1-minute newsbreak to learn more about how 
space explorers will provide for the basic needs of food and water. Each newsbreak 
has accompanying background information, an activity, and additional resources. 


“Are there grocery stores in space?” 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=food 


“Did you know astronauts will recycle water in space?” 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=water 


Health Concerns 
Designed for Grades 3–5 
The NASA SCI Files™ “The Case of the Biological Biosphere” 
Perform this experiment to simulate an epidemic in your classroom and learn how 
quickly illness and disease spreads. 
http://scifiles.larc.nasa.gov/docs/guides/guide1_03.pdf 
Page 34 


The NASA SCI Files™ “The Case of the Biological Biosphere” 
Germs are everywhere. You can’t always see them, but they are there. In this activity, 
you will learn how to prevent the spread of infectious diseases. 
http://scifiles.larc.nasa.gov/educators/activities/2002_2003/inclass/stop_germ.html 


NASA KSNN™ 
Visit these Web sites to watch a 1-minute newsbreak to learn more about how space 
explorers will stay healthy in space. Each newsbreak also has background information, 
an activity, and additional resources. 


“What challenges will we face on a crewed mission to Mars?” 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=challenges 



http://scifiles.larc.nasa.gov/educators/episodes/2004_2005/gs.pdf

http://ksnn.larc.nasa.gov/webtext.cfm?unit=food

http://ksnn.larc.nasa.gov/webtext.cfm?unit=water

http://scifiles.larc.nasa.gov/docs/guides/guide1_03.pdf

http://scifiles.larc.nasa.gov/educators/activities/2002_2003/inclass/stop_germ.html

http://ksnn.larc.nasa.gov/webtext.cfm?unit=challenges
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“Did you know that astronauts’ bodies change in space?” 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=body 


“What do astronauts do if they get sick in space?” 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=astrosick 


“Do astronauts need calcium in space?” 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=calcium 


“How would your body change in space?” 
http://ksnn.larc.nasa.gov/21Century/p3.html 



http://ksnn.larc.nasa.gov/webtext.cfm?unit=body

http://ksnn.larc.nasa.gov/webtext.cfm?unit=astrosick

http://ksnn.larc.nasa.gov/webtext.cfm?unit=calcium

http://ksnn.larc.nasa.gov/21Century/p3.html
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NASA and Jamestown Human Needs: Food and Water  Student Handout 


JAMESTOWN 
In 1606, King James I granted a charter to 
the Virginia Company, a group of London 
entrepreneurs, to establish an English 
settlement in North America. Before 
beginning the long journey, the settlers 
estimated how much food and water they 
would need for the voyage and for 
sustenance once they arrived in the New 
World. John Smith stated, “What could be 
thought fitting or necessary we had, but 
what we should find or what we should 
want or where we should be—we were all 
ignorant, and supposing to make our 
passage in two months, with victual to live 
and the advantage of the spring to work. 
[But] we were at sea five months, where 
we both spent our victual and lost the 


opportunity of time and season to plant, 
..." Based upon Smith’s words, we can 
estimate the time he believed they 
planned for living in the colony before 
relief arrived from England to be about 
three to four months. Unfortunately, 
Captain Christopher Newport left 
Jamestown for England on June 22, 1607, 
and did not return until January 2, 1608, 
over six months later. 


The voyage lasted nearly five months. 
With limited space aboard the ships and 
few methods for preserving food, the 
selection of food to be stored and carried 
was restricted. No cooling or refrigeration 
was available, so all food was salted, 
dried, or pickled in vinegar to help prevent 
spoiling. These foods, which could be 
used for weeks or even months, were 
often unappetizing. 


During the voyage, basic daily rations for 
each traveler included dried hardtack 
(biscuits that were baked until all moisture 
was removed); salted, dried, or pickled 
meats and fish; cheese; oatmeal or barley; 
and a gallon of beer or wine. Water was 
stored on the ships, as the colonists 


NASA 


Having adequate, nutritious food and 
sufficient freshwater while traveling has 
always been challenge for explorers. 
Before astronauts travel into space, NASA 
scientists determine how much food will 
be needed for each mission. For example, 
an astronaut on the International Space 
Station (ISS) uses about 1.83 kilograms (4 
pounds) of food per meal each day. About 
0.27 kilograms (0.6 pounds) of this weight 
is packaging material. Longer-duration 
missions will require much more food. The 
trip to Mars and back, for instance, may 
take more than three years. Based on 
these numbers, a crew of four on a trip to 
Mars eating only three meals each day 
would need to carry more than 24,000 
kilograms (nearly 53,000 pounds) of food 
and packaging with them. 


Food for the early astronauts consisted of 
freeze-dried powders, bite-size cubes, and 
semiliquids in tubes. As NASA scientists 
learned more about the space 
environment, better ways to prepare and 
package foods were developed. Today, 
the types of foods available include 
rehydratable, thermo-stabilized, irradiated, 
and natural-form foods. Most foods are 
ready to eat simply by adding water and/or 
by heating. All food is precooked and 
processed so it requires no refrigeration. 
Food for the ISS is similar to that on the 
Space Shuttle except that fewer foods 
require rehydration because of the limited 
amount of water available on the Station. 


Astronauts work with nutritionists to select 
menus that appeal to their individual 
tastes. Five months before flight, menus 
are selected and analyzed for nutritional 
content by food scientists and the 
nutritional biochemistry team. Meal times 
and the amount of food consumed by the 
astronauts are closely monitored in order 
to ensure proper nutrition. 
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recorded getting freshwater in the 
Caribbean; however, it was not a staple of
their diet. John Smith once wrote, “…the 
sack, aqua vitae (alcoholic beverages 
made from grain or grapes) and other 
preservatives of our health … were 
necessary commodities for the welfare of 
the colonists.” In bad weather, no cooking 
was allowed aboard the ships, so the 
settlers soaked the biscuits in water to 
make them edible. Cheese and cold 
pickled meats completed these meals. 


During this time in history, ships crossing 
the Atlantic Ocean en route to the New 
World often stopped at the Canary Islands
or other Caribbean islands to trade for 
fresh provisions. Fruits, vegetables, and 
sea tortoises could be added to the 
normally bland diet, but fresh supplies 
needed to be used quickly before they 
spoiled. 


A wonderful sight greeted the Jamestown 
settlers when they finally reached Virginia.
George Percy, one of the settlers, wrote 
about the beautiful trees and freshwaters. 
The area appeared to be filled with wildlife
and edible plants. When Captain Newport 
returned to England for fresh supplies, the
settlers were instructed to trade for food 
with the native inhabitants of the area, the 
Powhatan Indians. Unfortunately, relations
with the Virginia Indians were often 
unpredictable. 


Weather conditions and inexperience 
worked against the settlers, and soon they
had little fresh food or water. With the 
beginning of a drought that lasted for 
several years, even the Powhatan crops 
failed, limiting the settlers’ chance to trade
with the natives for food. The settlers did 
not know how to hunt and fish the strange 
species of animals they found in this new 
environment. Captain Newport’s return trip
with fresh supplies was delayed by 
several months. From 1609 to 1610, a 
period known as the “starving time,” the 


 Food eaten during space flight is much 
like the foods the astronauts would eat at 
home. Astronauts in space may choose 
from foods such as cream of mushroom 
soup, macaroni and cheese, chicken, 
beef, ham, scrambled eggs, and cereal. 


Foods such as nuts, granola bars, and 
cookies are classified as natural-form 
foods. They are ready to eat and are 
packaged in clear, flexible pouches that 
are cut open with scissors. Beverages 
come in powdered form and include 
coffee, tea, apple cider, orange drink, and 
lemonade. 


On Earth, the average American uses 
about 132 liters (35 gallons) of water 
every day. Water is heavy, so attempts 
are made to minimize the amount of water 
carried aboard spacecraft. On the Space 
Shuttle, water is produced as a byproduct 
from fuel cells. Fuel cells make electricity 
when hydrogen and oxygen are 
combined. Water is produced as a 
byproduct, and this water is then used by 
the astronauts. 


The situation on the ISS is different. 
Electrical power for the ISS is generated 
from solar panels rather than from fuel 
cells and no water is produced. Small 
amounts of water are recycled aboard the 
ISS, and each astronaut limits water use 
to only about 11 liters (3 gallons) per day. 


Recycling in space is different from 
recycling that may take place in your 
home or school. Astronauts recycle as 
much of their water as possible, including 
the moisture they exhale and sweat and 
the water they use to shower and shave. 
These wastewaters are purified and then 
used as drinking water. The ISS uses 
filtration and temperature sterilization to 
ensure that the water is safe to drink. 


Recycling water will be imperative for 
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settlers resorted to eating the few horses 
they had, snakes, rats, mice, and even 
leather shoes. Some reports tell of settlers 
trying to survive by rationing barley 
soaked in water. George Percy stated, 
“Our food was but a small can of barley 
sod in water to five men a day; our drink 
[was] cold water taken out of the river, 
which was at a flood very salt [y], at a low 
tide full of slime and filth, which was the 
destruction of many of our men.” John 
Smith wrote, “… half a pint of wheat and 
as much barley this having fried some 26 
weeks in the ship’s hold!—contained as 
many worms as grains … Our drink was 
water … From May to September [1607] 
those that escaped lived upon sturgeon 
and sea crabs; fifty in this time we buried.” 
No matter who was the source, it is clear 
that there was very little food that first 
summer in Jamestown. 


Water near the settlement was brackish, 
containing not only large amounts of salt 
but also the contagions Salmonella 
typhosa that caused typhoid fever and 
other diseases. Many historians believe 
that the lack of freshwater was the leading 
cause of many of the settlers’ deaths. 
George Percy wrote, “Our men were 
destroyed with cruel diseases, as 
swellings, burning fevers [typhoid fever], 
and by wars, and some departed 
suddenly, but for the most part they died 
of mere famine.” 


Eventually, the settlers adapted to this 
new environment and learned how to find 
freshwater. By 1610, about half of the 
meat sources for the settlers came from 
hunting local wildlife. 


The settlers established friendlier relations 
with the Virginia Indians who shared their 
knowledge about food, water, and shelter. 
They taught the settlers to use tuckahoe, 
an edible plant root, to make bread and 
prepare a nutritional meal of succotash. 
Succotash was a mixture of beans, corn, 


long-duration missions, such as on the 
ISS or possible trips to the Moon and 
Mars. A spacecraft on a lengthy trip to the 
Moon and Mars would be limited to the 
amount of water it could carry within its 
weight restrictions. Additional water would 
need to be provided through recycling, 
limiting the use of water, and by 
developing new ways to create water. 
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squash, and meat. The settlers also 
traded coins, beads, and metal products 
with the Virginia Indians for deer, 
waterfowl, melons, beans, squash, and 
berries. 
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NASA and Jamestown Human Needs: Health Concerns  Student Handout 


JAMESTOWN NASA 
The success of the Jamestown settlement 
seemed promising when Captain 
Christopher Newport returned to England 
for more supplies and settlers. 
Unfortunately, the situation deteriorated 
quickly. 


Although the settlers built a fort for 
protection from hostile Virginia Indians 
and the possibility of Spanish attack, the 
walls did little to stop the summer’s 
blistering heat and swarms of insects. The 
swampy waters near the fort were unfit for 
drinking and, sadly, the settlers dug no 
freshwater wells, believing the river water 
was relatively fresh. The water was fresh 
when they arrived in the spring but, 
unfortunately, the settlers did not realize 
that the river water became saltier during 
the dry summer months. Less rainfall 
meant less freshwater in the river. The 
tidal action of the Atlantic Ocean, which is 


only 92 kilometers (57 miles) to the east, 
increased the concentration of salt in the 
water near Jamestown. The higher salinity 
levels meant contagions became trapped in
the river water near the fort. By summer, 
the settlers were too weak to dig freshwater 


wells, forcing them to drink from the river. 
This led to epidemics of typhoid fever, 
dysentery, and other ailments such as salt 
poisoning. 


A lack of personal hygiene and unsanitary 
conditions increased the spread of 
disease. Trash was thrown around and 
near the fort. The cramped quarters forced
the settlers to live near people who were 
sick. The dead were buried inside the fort. 


The original group of settlers included two 
physicians, William Wilkinson and Thomas
Wotten, and one barber, Thomas Cooper. 
Barbers in 1607 would cut hair and shave 
gentlemen clients, just as they do today. 


A carefully constructed and enforced 
program helps monitor the health of the 
astronauts. At least one week prior to 
launch, astronauts move into isolation in a 
closely controlled living environment that 
includes bacterial filters. Personal contact 
with people who are likely to carry 
infectious disease is minimized for up to 
six months prior to launch. 


Concerns about the health of the 
astronauts increase as they travel farther 
from Earth and away from medical 
assistance. NASA is studying how germs 
and the human body may interact 
differently in space than on Earth. 


The human body is affected by space 
travel. About 40 percent of the astronauts 
who go into space report symptoms of 
motion sickness, such as dizziness or 


nausea.  Motion sickness is caused by a 
variety of factors. The most likely cause in 
space is sensory conflict among what your 
eyes are seeing, what the nerve endings 
in your feet (proprioceptors) record, and 
what your vestibular system is telling you. 
Symptoms from motion sickness generally 
disappear after two or three days, as the 
astronaut’s body adjusts to the new 
environment. 


Following Earth’s 24-hour light/dark cycle, 
the human internal clock controls sleep, 
wakefulness, digestion, and hormonal 


activity. This clock, known as the circadian 
 clock and often referred to as circadian 


rhythm, is affected by space travel. As the 
Space Shuttle orbits Earth, the astronauts 
on the flight deck are exposed to 45 
minutes of light followed by 45 minutes of 


 dark. Excitement, stress, noise, and 
different environmental light and dark cues 
may all contribute to changes in the 
astronaut’s circadian rhythm, making it 
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However, they also had medical training, 
usually on-the-job from a colleague, that 
taught them not only how to bloodlet but 
also how to pull teeth. Physicians of the 
17th century completed 14 years of 
training and schooling before providing 
medical services; however, they had no 
knowledge of bacteria, germs, or viruses. 
No one understood how disease spread, 
and doctors did not sterilize equipment or 
wash their hands. Medicines common 
today, such as penicillin, did not exist in 
1607. Plants and herbs were used to fight 
illnesses. Bloodletting was a common 
practice of the day. Doctors believed that 
disease was caused because a person’s 
body held too much blood. 


The barber, who may have had some 
surgical experience, was responsible for 
the bloodletting procedure. He would open
a vein in a person’s arm and drain some 
of the blood out of the body until the 
person either got well or died. 


The Jamestown settlement was nearly lost
to illness, disease, and famine. Eventually,
the settlers adapted to their new home. 
The English referred to a “seasoning time” 
for new settlers. If a new settler lived 
through two summers in Virginia, they 
were considered “seasoned” and likely to 
survive. 


Ships traveling from England to Virginia 
timed their departures so the new settlers 
would arrive in late winter or early spring. 
This arrival time gave the new settlers the 
opportunity to gradually become 
acclimated to Virginia’s climate and 
allowed time to plant crops to feed the 
newcomers. 


To help stop the spread of disease, the 
English built a hospital in 1612 to isolate 
the sick colonists from the other settlers. 
The hospital, named Mount Malado (or 
Malady), was built at a location up the 
James River, completely separate from 


 


 
 


difficult for them to sleep. 


Astronauts face other health challenges 
while in space. On Earth, the heart 
distributes blood evenly throughout the 
body, working against the force of gravity 
to push fluids to the upper parts of the 
body. In space, the heart pumps the same 
way as it does on Earth, but gravity does 
not pull fluids toward the lower parts of the 
body. The fluids in the body redistribute in 
the reduced-gravity environment, causing 
head congestion; headaches; and puffy, 
swollen faces. This fluid redistribution 
takes water from the legs, so the legs 
become thinner. This condition is known 
as “puffy face, chicken leg” syndrome. In 
addition, some lesser-used muscles can 
lose tone and mass because they no 
longer have to work against gravity. 


During space flight, the force of gravity no 
longer compresses, or pushes down on, 
the vertebrae in the spine. As a result, the 
vertebrae can separate slightly from one 
another and the spine can lengthen up to 
7 centimeters (about 3 inches). The spine 
returns to normal size when the astronaut 
returns to Earth, but the change in height 
plays a critical role in designing flight suits 
and Extra Vehicular Activity (EVA) suits. 
When working outside the protective 
environment of the ISS and Space 
Shuttle, EVA suits must be flexible enough 
to accommodate the height change while 
providing a tight seal to maintain the 
pressure needed to survive in an 
environment with little or no atmosphere. 


NASA researchers and scientists are 
working on methods to protect the health 
of astronauts while they are on long-
duration space missions, while working on 
the Moon or other planets, and when they 
return to Earth. NASA scientists have 
studied the effects of exercising in space, 
and astronauts now train daily on resistive 
exercise equipment. 







                                                                                                        


Exploration: Then and Now NASA and Jamestown Education Module 


EG-2006-09-25-LaRC Human Needs Page 17 of 17 


Jamestown. 


As the settlers adapted to their new 
environment, their health improved. With 
determination and perseverance, the 
original settlers left their mark in history, 
and Jamestown became the first 
permanent English-speaking settlement in 
the New World. 
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EXPLORATION: THEN AND NOW 
NASA and Jamestown Education Module 


“From the time of our birth, it is our instinct to explore. To map the lands, we must explore. To 
chart the seas, we must explore. To make new discoveries, we must explore. Three decades 
have passed since a human being has set foot on another world. It is time for America to take the 
next steps to explore the Earth, moon, Mars, and beyond.” 


Neil Armstrong, NASA Astronaut 
NASA Vision for Space Exploration 


http://www.nasa.gov/mission_pages/exploration/main/vision_video.html 


Humanity’s long history of exploration dates back as far as 3200 B.C. By 2300 
B.C., Egyptian adventurers had landed on the east coast of Africa. By 800 B.C., 
Polynesian travelers were navigating the South Pacific and had begun to 
colonize the Hawaiian Islands. By 400 B.C., the Greeks had added England and 
India to their maps. By A.D. 1000, the Vikings had discovered Greenland and 
Iceland and had set sail for North America. 


Advances in technology aided these early voyagers. During the first century A.D., 
the Chinese invented the compass, while Egyptian astronomer Ptolemy laid the 
foundations for the mapmaking science known as cartography. In the 17th 
century, the invention of the sextant improved navigational accuracy. As 
technology advanced, humanity’s spirit of exploration flourished. 


European explorers like Christopher Columbus, Vasco da Gama, and Ferdinand 
Magellan began journeys that expanded human understanding of the world. 
Likewise, Jacques Cartier, John Cabot, Sir Francis Drake, and Henry Hudson left 
their marks with expeditions to the continent of North America, the land known as 
the New World. These explorers traveled to relatively unknown areas of the 
Earth, often motivated by a desire for colonization, conquest, or trade. 


North America soon became a place where the countries of Spain, France, and 
England would compete for land, natural resources, and political influence. 
England’s first attempt at a permanent New World settlement failed in the late 
16th century, but by 1607, the English would try again. Braving an uncertain 
future, 105 courageous and determined men set sail across the Atlantic Ocean 
and made landfall at the place they would name Jamestown. Only one man was 
lost during the journey, which lasted nearly 5 months. Perils in the months ahead 
would test the strength and conviction of those early Jamestown explorers. Their 
trials helped give rise to some of America’s most valued qualities, such as 
freedom, democracy, and cultural diversity. Despite the hardships and setbacks, 
the Jamestown colony gave rise to a nation and changed the world. 


Exploration continued through history and was significantly advanced in the 20th 
century with Orville and Wilbur Wright’s invention of the airplane. It enabled 
humans to travel farther faster than before. Later, exploration rocketed into 
space with Alan Shepard (the first American in space), John Glenn (the first 
American to orbit Earth), and Neil Armstrong (the first person to set foot on the 
Moon). 
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Humans have an innate hunger to find new frontiers and a strong desire to 
establish a permanent presence in unexplored territories. NASA’s Vision for 
Space Exploration calls for humans to return to the Moon by the end of the next 
decade, paving the way for eventual journeys to Mars and beyond. 


The educational module Exploration: Then and Now examines four themes and 
compares exploration of the past and present. The module focuses on the 
settlement of Jamestown, the first permanent English-speaking colony in the 
New World, and NASA’s plans to return to the Moon and reach for Mars. Each 
lesson consists of several student activities. 


These lessons are organized using the 5E model that is based upon 
constructivism, a philosophy of learning that urges learners to create their own 
understanding of novel ideas through experience. To better incorporate new 
knowledge, learners connect prior experience with new investigations. 


Each lesson has these 5E stages: 


•	 Engage: Activities to capture students’ attention, stimulate thinking, and 
access prior knowledge. 


•	 Explore: Activities that guide students to think, plan, investigate, and 
organize collected information. 


•	 Explain: Activities to analyze what students have learned through 
exploration and deepen or clarify their understanding of the main issues. 


•	 Extend: Activities that give students the opportunity to expand and solidify 
their understanding of the concept and/or apply this understanding to a 
real-world situation. 


•	 Evaluate: Activities, both formal and informal, to assess student

understanding.



Essential Questions 
Essential Questions focus each lesson’s study, guiding students to investigate, 
discover, and think critically about the concepts being presented. These 
questions, found at the beginning of each lesson, should be posted so that 
students and teachers can refer to them throughout the module. 


Exploration: Then and Now is made up of four lessons and one introductory
activity, “Survival!” Teachers may choose to complete any or all 
parts of the lessons. 


The components of this module are as follows: 
•	 Cover 
•	 Survival!
•	 Transportation
•	 Settlement
•	 Follow the Water
•	 Human Needs
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Survival! 
Exploration: Then and Now 


Grade Level: 6–8 


Connections to Curriculum: 


Science and History 


Teacher Preparation Time: 


20 Minutes 


Lesson Duration: 


Two 50-Minute Class Periods 


National Science Education Standards 


Science as Inquiry 


Science in Personal and Social 


Perspectives 


 


Essential Question 
What are the most essential items 
for the survival of settlers and 
explorers in new worlds? 


Lesson Overview 


This lesson introduces students to 
exploration and survival in new worlds. It 


compares challenges faced by explorers 


through the ages, checking for prior 


knowledge about conditions for survival in 
1607 Jamestown and on the Moon. 


 


During the Explore section, students are 
challenged to take on roles as explorers. 


Students are asked to choose items to 


help them survive in the Jamestown 


settlement in 1607. Items are ranked and 
choices are justified based upon meeting survival needs in this harsh environment. 


 


During the Extend section, students take on the roles of astronauts who are part of a 
team landing on the Moon in 2025. Again, students are challenged to rank items for 


survival in this new world. Students compare the two survival challenges to develop a 


deeper understanding of exploration. 
 


During the Evaluate section, students will revisit the Essential Question to identify 


common qualities of essential items for survival in 1607 Jamestown and future lunar 


settlements. 


Upon completion of this lesson, students may want to know more about four themes  


of exploration: settlement, transportation, human needs, and the importance of water. 


These topics are developed in the four Web-based lessons included in the  
Exploration: Then and Now education module. 


 


Background Information 
Exploring new worlds is dependent on the survival of explorers and their ability to adapt 
to new environments. Rapid adaptation was critical for the early Jamestown settlers.  


Life in Virginia was much different than life in England. Conditions were harsh and the 


environment unfriendly. By 1609, nearly 500 English settlers had made the journey to 
Jamestown and the settlement seemed to be well established. By the winter of 1609 to 


1610, conditions suddenly changed, leaving food and freshwater in short supply and 


only about 60 settlers alive. 


 
Exploring worlds beyond Earth pushes survival to an entirely new level. In space and  


on other planets, fulfilling human needs presents great challenges. Survival requires 
adapting to new environments and finding solutions to new problems. 
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“Let us continue now with new explorations which are more expansive and more bold voyages 


which will define us as a space faring civilization.” 
 


—William Shepherd, Commander, Expedition 1, International Space Station 


Instructional Objectives 


Students will: 


• analyze and rank items based upon their importance for survival in a particular 


environment; 


• work as a team to come to a consensus about the importance of certain survival 


items; 


• compare team rankings to rankings developed by history and astronomy experts; 


• identify and compare human needs in two different exploration environments; 


and 


• compare the differences in survival on Earth and the Moon. 


 


Materials 


Explore 


Per student: 


• “Survival in Jamestown Scenario” 


Per group: 


• “Survival in Jamestown Ranking Answer Key” 


• “Survival in Jamestown Three-Circle Venn Diagram” 


Extend  


Per student: 


• “Survival on the Moon Scenario” 


Per group: 


• “Survival on the Moon Ranking Answer Key” 


• “Survival on the Moon Three-Circle Venn Diagram” 
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Instructional Procedure 


Engage 


1. Introduce the idea of exploration by discussing this quote with your students: 


“Exploration is really the essence of the human spirit.” 


—Frank Borman, Commander, Apollo 8 Mission 


2. As a class, continue the discussion of exploration by presenting these questions: 


• Can anyone be an explorer? Name some past explorers. (Accept a wide array of 


answers to help set the stage that everyone can be an explorer.) 


• Why do you think humans explore? (Answers will vary.) 


• What are some of the limitations to exploration? (Time, money, resources, etc.)  


• When might exploration lead to settlement? (Settlements are established when 
there is sufficient food, water, shelter, space, climate, etc.) 


• What are some historical settlements and why were these sites chosen for 


settlement? (There are a variety of answers. Be sure to include Jamestown, the 


first permanent English settlement in America.) 


• Where might future settlements be placed and why might these future sites be 


chosen? (There are a variety of answers. Be sure to discuss that NASA plans to 


build settlements on the Moon.) 


 


Explore 


Survival in Jamestown 
1. Discuss the Essential Question: What are the most essential items for the survival of 


settlers and explorers in new worlds? 


2. Ask students what they need to know before they can begin creating a list of essential 


items. The list of items is dependent upon the location and conditions of the new world. 
3. This “Survival” challenge is based upon surviving in Jamestown in 1607. As a class, 


read and discuss the “Survival in Jamestown Scenario.” 


 


 
 


Survival in Jamestown Scenario 


4. Ask students what they know about Jamestown and the environment the settlers 
chose for their new home after reading the scenario. Ask if students know anything more 


about Jamestown from prior reading or research. Help students organize this information 


in their journals using a chart similar to the chart below. 
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What do we know about 
Jamestown in 1607? 


Example: The water was 
brackish. 


How would this affect 
survival? 


It is unsafe to drink 
brackish water. 


What would I need to 
survive in this 
environment? 


To survive, we need 
freshwater. 


 
5. As a class, discuss how this environment would affect survival. For example, the site 


chosen for the Jamestown settlement was surrounded by brackish water. It is unsafe to 
drink brackish water. Continue the discussion by asking students what they might need 


to survive in these conditions. Help students organize this information in their journals. 


 
Teaching Suggestion: This lesson builds interest and motivation for students to want to 


learn more about exploration. A more in-depth study about exploration and survival in 


Jamestown in 1607 and possible lunar settlements can be found in the other four 


lessons in the Exploration: Then and Now education module. 
 


6. Assign students roles as 17th-century explorers. Ask them to imagine that they just 


spent 144 days at sea and have arrived at the location that will be known as Jamestown. 
The students’ mission is to establish a permanent English settlement at this site. 


7. Review the list of available items and discuss any items that might be unfamiliar. 


Inform the students that some of the images included are items that were actually found 
during archaeological digs. The artifact images are courtesy of the Colonial Historical 


National Park. 


8. Ask students to independently rank the items listed from 1 to 15, identifying those 


items that would be most important for human survival in the harsh new environment at 
Jamestown. Items ranked with a low number (1 to 5) are the most valued. Items ranked 


with a high number (10 to15) are least valued. Students should write a one- or two-


sentence reason for their rankings. 
 


Teaching Suggestion: You might put the image of each item on an index card and let 


the students sort and rank the items this way. 


 
9. Organize the students into small groups. After completing individual rankings, 


students will share their rankings with other members of the group and discuss their 


choices. Each team must agree upon a group ranking. 
 


Teaching Suggestion: Students could display their results with an electronic 


spreadsheet. 
 
10. Ask each team to record their group rankings on an overhead transparency. Discuss 


the differences in the rankings and the reasons for the differences. 
11. The Colonial Historical National Park historians developed two different rankings. 


Give each group a copy of both rankings and ask the group to analyze the differences 


between the historians’ rankings and their group’s rankings. 
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Survival in Jamestown Ranking Answer Key 


 


 


Teaching Suggestion: Discuss why there is not one correct ranking. Students should 


realize that the justifications and explanations for the rankings are more important than 
the numerical ranking. Explain that the “Ranking Answer Key” is based on historical and 


scientific information from the Colonial Historical National Park historians. The historians 


who developed the answer keys brought different expertise and understandings to the 
problem and were specifically asked to complete the rankings independently. Both 


historians agreed that they would have made different choices if they had worked as a 


team to rank the items. 


 
12. Have students work as a team on the “Survival in Jamestown Three-Circle Venn 


Diagram” to organize the rankings of the two historians and their own group ranking. 


Students may include any items that are scored plus or minus one number of their 
choices as an agreement. For example: One expert ranked the musket as number 2 and 


one ranked it as number 3. For the Venn Diagram, students should consider the musket 


ranking as an agreement. If the group ranked the musket as a 1, 2, 3, or 4, the item can 
be placed in the center section where all three circles intersect. 


 
 
 
 
 
 
 
 
                             


Survival in Jamestown Three-Circle Venn Diagram 


 
Explain 
1. As a class, identify items that were ranked the same by each group and the experts. 


Discuss possible reasons for this similar ranking. 


2. Create a list of items that were ranked more than plus or minus one number different 
by the student groups and experts. Discuss possible reasons for these differences. 


3. Identify information that the group was missing that would have helped them rank 


some of the items. 
4. Ask students to read and respond to the following journal question individually. 
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Journal Prompt 1: Important decisions, such as survival decisions, may require 


teamwork and are often best decided by a group. Choose one item that you ranked 
differently than anyone in your group or differently than the historians. What were your 


reasons for the original ranking? What were the reasons the other person gave for a 


ranking that was different than your ranking? Would your reasons change now? How? 


Why? Before writing, set up a table to help organize and compare your ranking, your 
reasoning for the ranking, and the reasoning of the other person. 


 


Extend 
Survival on the Moon 
1. Return to the Essential Question: What are the most essential items for the survival 


of settlers and explorers in new worlds? As a class, summarize some of the essential 
items for survival in Jamestown in 1607 and ask students if they think any items on this 


list would also be essential for survival on the Moon. The next “Survival” challenge is 


based upon surviving on the Moon in 2025.  


2. As a class, read and discuss the “Survival on the Moon Scenario.” 
 


 


Survival on the Moon Scenario 


 


 


3. Ask students what they know about the Moon and the Moon’s environment after 


reading the scenario. Ask if students know anything more about the Moon from prior 
reading or research. Help students organize this information in their journals using a 


chart similar to the chart below. 


 


What do we know about 
the Moon? 


Example: There is little 
or no oxygen on the 
Moon. 


How would this affect 
survival? 


We need oxygen to live. 


What would I need to 
survive in this 
environment? 


To survive, we need a 
source for oxygen. 


 
4. As a class, discuss how this environment would affect survival. For example, there is 
little or no oxygen on the Moon. We need oxygen to live. Continue the discussion to help 


students understand what they might need to survive in these conditions. Help students 


organize this information in their journals. 
 


Teaching Suggestion: This lesson builds interest and motivation for students to want to 


learn more about exploration. A more in-depth study about exploration and survival on 


the Moon and possible lunar settlements can be found in the other four lessons in the 
Exploration: Then and Now education module. 







Exploration: Then and Now                                              NASA and Jamestown Education Module 
EG-2006-09-25-LaRC                                                                                  Survival   Page 7 of 30 


5. Assign students roles as 21st-century explorers who are establishing a settlement on 


the Moon. Ask students how their experience in ranking the items for survival in 
Jamestown might help with this challenge. 


6. Review the list of available items. Inform the students that some of the images 


included are items that would not usually be found on the Orion spacecraft, but they may 


include them in their survival ranking. These items are included to see if students can 
determine their importance in the lunar environment. Discuss any items that might be 


unfamiliar to the students. 


7. Ask students to independently rank the items listed from 1 to 15, identifying those 
items that would be most important for human survival in the harsh new environment of 


the Moon. Items ranked with a low number (1 to 5) are the most valued. Items ranked 


with a high number (10 to 15) are least valued. Students should write a one- or two-
sentence reason for their rankings. 


 


Teaching Suggestion: You might put the image of each item on an index card and let 


the students sort and rank the items this way. 
 


8. Organize the students into small groups. After completing individual rankings, 


students will share their rankings with other members of the group and discuss their 
choices. Each team must agree upon a group ranking. 


 


Teaching Suggestion: Students could display their results with an electronic 
spreadsheet. 


 


9. Ask each team to record their group rankings on an overhead transparency. Discuss 


the differences in the rankings and the reasons for the differences. 
10. Two NASA scientists developed two different rankings. Give each group a copy of 


both rankings. Carefully examine the reasons each expert gave for his response. Ask 


the group to analyze the differences between the experts’ rankings and their group’s 
rankings. 
 
 
 
 
 
 
 
 
 


Survival on the Moon Ranking Answer Key 


 
Teaching Suggestion: Discuss why there is not one correct ranking. Students should 


realize that the justifications and explanations for the rankings are more important than 


the numerical ranking. Explain that the “Ranking Answer Key” is based on scientific 


information from NASA scientists. The scientists who developed the answer keys 
brought different expertise and understandings to the problem and were specifically 


asked to complete the rankings independently. Both scientists agreed that they would 


have made different choices if they had worked as a team to rank the items. 
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11. Have students work as a team to complete a “Survival on the Moon Three-Circle 
Venn Diagram” to compare the results of the NASA experts to the group’s rankings. 


Students may include any items that are scored plus or minus one number of their 


choices as an agreement. For example: One expert ranked a magnetic compass as 


number 14 and one ranked it as number 15. For the Venn Diagram, students should 
consider the magnetic compass ranking as an agreement. If the group ranked the 


magnetic compass as a 13, 14, or 15, the item can be placed in the center section  


where all three circles intersect. 
 
 
    
 
 
 
 
 
 


    
Survival on the Moon Three-Circle Venn Diagram 


 
12. Ask students to reflect on the difficulty of each survival situation. Was the second 
“Survival” activity easier or more difficult than the first? Why? Relate the students’ 


experiences to explorers through the ages. (New explorers learn from the experiences of 


those who have explored before them, but survival requires adapting to new 


environments and finding solutions to new problems.) 


 


Evaluate 
1. As a class, discuss the following questions, drawing upon experiences from this 


lesson: 
• Sir Isaac Newton is quoted to have said, “If I have seen further than others, it is 


because I have stood on the shoulders of giants.” How might this quote relate to 


explorers and settlers? (Explorers and settlers learn from the experiences of 
others. The first people to travel or settle new worlds help pave the way for 


others to follow.) 


• What must explorers do before traveling to new worlds to prepare for their 


explorations? (It is important to know about and prepare for the environment of 
the new world. It is also helpful to learn from the experiences of other explorers.) 


• What challenges do explorers face when they travel to new worlds? (Explorers 


must be able to adapt to new environments and find solutions to new problems.) 
• What are the most essential items for the survival of settlers and explorers in new 


worlds? (Some essential items are items that help settlers and explorers travel, 


navigate, find and store food, offer shelter, find and store water, protect 
themselves and their environment, etc.) 


• What are the benefits and difficulties in making decisions as a group? 


(Group decision-making brings together more ideas and experiences to help 


solve a problem. It is sometimes difficult to build consensus and come to an 
agreement when working in a group.) 
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2. Ask students to write a paragraph to respond to one of the following journal prompts. 
 


Journal Prompt 2: What are the most essential items for the survival of settlers and 


explorers in new worlds? Organize your writing by thinking about answers to these 


questions: 
• What do you need to know to survive in a new environment? 


• What are the differences and similarities in items that are most valuable for 


survival in Jamestown and on the Moon? Compare and contrast. 
• What are common qualities of these essential items for survival? 


• What are common qualities of unessential items for survival? 


• What can we learn about the basic needs of humans as new places are 
explored? 


 


Journal Prompt 3: In addition to building a settlement on the Moon, NASA plans for 


humans to travel to Mars. Travel in space to Mars and beyond pushes the science of 
survival to a new level. Astronauts will encounter new problems that will require new 


solutions. Discuss what you think NASA will need to know and do before sending 


astronauts to Mars. Identify some items that would be essential for survival of settlers 
and explorers on Mars. 


 


Teaching Suggestion: This introductory lesson leads students to ask more questions 
about survival and exploration. Four more lessons are included in the educational 


module Exploration: Then and Now to help students learn more about four themes  


of exploration. These lessons will guide your students, as a class or independently,  


to find out more about: 
• Transportation: How do vessel design, navigation, and propulsion affect 


exploration? 


• Settlement: How do an area’s location, soil, and weather affect settlement? 
• Human Needs: How do people adapt to new environments? How will basic 


needs be met in new worlds?  


• Follow the Water: Where is water found? Why is liquid water important for life? 


 
After your students study one or more of the other lessons in the Education: Then and 


Now module, ask them to revisit the Essential Question: What are the most essential 


items for the survival of settlers and explorers in new worlds? Ask students to rank the 
essential items for survival again and compare the second ranking to the first to see if 


the students’ additional knowledge about exploration changes their ideas about survival. 
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Survival in Jamestown Scenario           Student Handout 
 


 
You are a passenger on one of the three small, English, sailing ships 


captained by Christopher Newport in the spring of 1607. You are 


approaching the coast of Virginia after a long, wintry voyage across the 


Atlantic Ocean. 
 


At first, you explore up and down the James River in a shallop, or small boat. You had 


been directed by the Virginia Company of London to find “the true, most wholesome and 
fertile place” to settle. Finally, you pick the site of Jamestown because it appears 


defensible, has a deep harbor close to shore, and is covered with walnut, beech, oak, 


and hickory trees. On May 13, 1607, you are one of the 104 weary men to step off the 


cramped quarters of the three ships onto the swampy lowland. Fear of a massive attack 
by the Powhatan Indians makes the immediate construction of James Fort more 


important than building structures for housing. Soon, a triangular wooden wall, or 


palisade, is built to protect you and the other settlers against future attacks. By the end 
of June, when Captain Newport returns to England for new supplies, your settlement 


seems to be well established. 


 
Suddenly, conditions in Jamestown change. Supplies begin to run low and food is 


spoiling. The weather is turning hot and conditions are very dry. Little or no rain has 


fallen in weeks, no wells have been dug, and you are forced to drink water from the 


swamps or river. This water not only carries diseases but is brackish water, containing 
about 5 times the normal salt one should consume. As conditions worsen, men are dying 


daily. By autumn, disease reduces the number of survivors to fewer than 60. 


 
Imagine that you are one of the survivors. You must make some hard decisions in order 


to survive. As with survival of all living things, you must have food, shelter, and water. 


 
You are challenged to choose items that will help you survive. On the next page, you will 


find a list of 15 items that may have been used in Jamestown during this time. Some of 


the artifacts have been found in recent archaeological digs. 


 
Rank these items from 1 to 15 according to their importance to you and the other 


settlers. Place the number 1 by the most important item and continue numbering to 15, 


the least important. Beside each choice, explain why you gave each item the rank it 
received and how you plan to use the item to help you survive. 


 


Once you’ve made your own choices, work with your team of settlers to come to 


consensus. It is a desperate time and everyone living in Jamestown must agree, not only 
about the value of these items but about how to use them, as well. 
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Student Handout 
 


How would you rank these items to survive in 
Jamestown in 1607? 
 
Place the number 1 by the most important item and continue numbering to 15 to indicate 


the least important item. Beside each item, write your reasons for giving the item its 
ranking and explain how you plan to use the item to help you survive. Some of the 


images are photographs of artifacts found during archaeological digs at Historic 


Jamestown. (Artifact images courtesy of Colonial National Historic Park.) 


 


Items that may help you survive in Jamestown 


 
Flint and striker  
a hard gray stone (flint) and a small piece of steel (striker) 


Rank:________Reason:_______________________________________
___________________________________________________________ 


 
Salted pork and hard tack 
meat preserved by salting and biscuits baked until all moisture is removed 
 


Rank:________Reason:_______________________________________
___________________________________________________________ 


 
Candlestick holder 
a nonflammable base for candles 


Rank:________Reason:_______________________________________ 
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Musket 
a common gun of the time 


Rank:________Reason:_______________________________________
___________________________________________________________ 
 


 
Sword 
a weapon with a long metal blade 


Rank:________Reason:_______________________________________
___________________________________________________________ 
 


 
Ax 
a tool with a handle and a heavy sharp blade 


Rank:________Reason:_______________________________________
___________________________________________________________ 
 


 
Bleeding bowl 
a common medical item 


Rank:________Reason:_______________________________________
___________________________________________________________ 
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Beads 
glass trinkets or jewelry 


Rank:________Reason:_______________________________________
___________________________________________________________ 
 


  
Coins 
English money 


Rank:________Reason:_______________________________________
___________________________________________________________ 
 


 
15 meters (about 50 feet) of hemp rope 
rope made of natural fiber 


Rank:________Reason:_______________________________________
___________________________________________________________ 
 


 
Astrolabe 
a tool to measure the altitude of the Sun 


Rank:________Reason:_______________________________________
___________________________________________________________ 
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Magnetic compass 
a tool that uses a magnetic field to determine direction 


Rank:________Reason:_______________________________________
___________________________________________________________ 


 
Bartman jar 
a pottery jar commonly used in the 17th century 


Rank:________Reason:_______________________________________
___________________________________________________________ 


 
Case bottle 
a dark-green, square, glass bottle 


Rank:________Reason:_______________________________________
__________________________________________________________ 


 
Hammock 
a swinging couch or bed, usually made of netting or canvas 
Rank:________Reason:_______________________________________
__________________________________________________________ 
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Survival in Jamestown Ranking Answer Key      Student Handout 
 


Two Colonial Historical National Park historians separately ranked the same items and 
explained their reasons for their rankings. Bill Warder was the first expert. Bill is an 


interpretive ranger for the National Park Service. He interprets historical records to 


develop educational materials and is known for his expertise. The second expert was 


Curt Gaul, site supervisor for the Colonial National Historical Park at Historic 
Jamestowne. Curt also develops historical educational materials and works closely with 


archaeologists at the Jamestown excavation site. 


Both experts agreed that the Jamestown settlers would need to depend upon each other 
to make difficult decisions. These settlers faced living and working in an unfamiliar 


climate and environment. Times were stressful, as relationships with the Virginia Indians 


would swing from peaceful coexistence to outright hostility. What at first seemed like a 
perfect site to settle actually had sandy soil and little freshwater, making it a poor site for 


planting. The Jamestown settlers would need to develop a clear understanding of the 


environment and available materials to survive. 


The rankings and explanations below indicate how each expert ranked the items to help 


them survive in Jamestown. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


First Expert’s Ranking 


 and Reasons 


 


1) Salted pork and hard tack  


“One of the few ways the English had 
to preserve precious food supplies was 
by adding salt (salted pork) and baking 
biscuits until all moisture was 
eliminated (hard tack). Salted pork and 
hard tack were preserved to last a very 
long time. These supplies might be all 
the food the settlers had to eat until 
John Smith returned from the trips 
where he attempted to trade for food 
with the Powhatans.” 


 


Second Expert’s Ranking 


 and Reasons 


 


1) Salted pork and hard tack 


“Food supplies were needed by the 
settlers until they were able to find food 
locally. Salted pork and hard tack 
lasted longer than fresh meat or fish. 
The hard tack was soaked in water 
before it was eaten.” 
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First Expert’s Ranking  
and Reasons 


2) Musket  
 
“If a deer wandered near the fort, a 
 
musket could be used to shoot it, 
 
providing meat to feed the settlers. A 
 
musket could also be used for protection. 
 
Contact with the Powhatans was often 
 
unpredictable. Sometime meetings were 
 
friendly. Sometimes they were not.” 
 
3) Magnetic comp ass 
 “John Smith carried a compass. His 
 compass proved valuable in helping to 
 navigate the James River, which runs 
 basically east to west. John Smith 
 conducted trading ventures on the 
 James River in the fall of 1607 trying to 
 get food from the Powhatans for the 
 hungry settlers at the fort. The compass 
 prevented him from getting lost in 
 unfamiliar areas.” 
 
4) Bleeding bowl  


“Many of  the settlers at the fort were sick 
and need ed medical care to keep them 
al ive until help arrived or John Smith 
return ed with food.” 
 
5) Beads  
“P rior contact with the Virginia Indians 
had reve aled how much the native 
i nhabitants prized beads, both 
economi cally and spiritually. Glass 
beads and  coins proved to be some of 
the most i mportant trade items the 
English had when they attempted to 


 
trade with the Powhatans for food. 
Beads were a form of money for the  
Powhatans. They were also important in  
their religious ceremonies.” 


 
 


 


Second Expert’s Ranking  
and Reasons 


2) Flint and striker 


“Fire was needed to cook and provide 
warmth. Fire was also used to keep wild 
animals away at night. The flint was 
sharp and could be used as a cutting 
utensil, knife, or as a sharpening tool for 
stakes or lances.” 


 


3) Musket 


“Guns were needed to hunt for food and 
to defend the settlement. Muskets were 
limited by the supply of powder and shot, 
and they were not useful in poor 
weather.” 


 


4) Sword 


“Swords were used as axes or 
machetes. If broken, swords were 
polished and used as knives.” 


 


5) Ax 


“An ax was needed to build houses for 
shelter and construct the fort. It was also 
used as a high-priced trade item.” 


 


6) Beads 


“Beads were used to trade with the 
Powhatans in exchange for food.” 
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Second Expert’s Ranking  
and Reasons 


7) Bleeding bowl 


“Medical items such as this were needed 
to treat settlers who were suffering from 
ailments. Many settlers would not know 
what medicines to use and found 
themselves relying on natural herbs and 
healing remedies. A bleeding bowl was 
used to collect blood that was drawn 
from the body. This common practice 
was used to rid the body of disease.” 


 


8) 15 meters (about 50 feet) of hemp 
rope 


“Rope was always useful to have on 
hand. The early structures in the fort 
were mud-and-stud construction. The 
saplings used to build these structures 
were lashed together by rope.” 


 


9) Bartman jar 


“The Bartman jar was used to carry 
liquids, but it was awkward and 
breakable. The settlers traded the jars to 
the Powhatans for water jugs made from 
animal skin.” 


 


10) Case bottle 


“The case bottle was delicate and easily 
broken. It could be used to store drink, in 
particular, wine. Once broken, the pieces 
of the bottle could be used as cutting 
tools.” 


 


11) Magnetic compass 


“A compass was important for exploring 
and mapping Virginia. John Smith talked 
about showing his compass to the 
Powhatans who were fascinated by how 
it worked.” 


 


First Expert’s Ranking  
and Reasons 


 
6) Flint and striker 


 
“The need of fire for warmth and cooking 
has been around for a very long time. As  


nights grew colder, fire became  
important for warmth. The settlers 


 needed to cook what little food they had. 
Fire was also a source of light. The flint  
and striker were the 17th-century version 


 
of matches.” 


 7) Ax 
 “An ax was used to cut lumber and wood 


posts. The settlers also needed firewood  
and a way to repair the fort walls.” 


 
8) Bartman jar 


 
“Bartman jars were pottery jars used for 


 the storage of liquids. Clean water was 
scarce, and if it rained, or someone in  
the fort found a freshwater spring, 


 
containers were needed to store the 
precious water.”  


9) Sword  


“A sword is an alternate weapon to a  
musket. Occasionally, muskets would 


 
not work properly, especially if the 
gunpowder became damp.”  


10) Case bottle  


“Case bottles were square-shaped glass  
bottles stored in wooden crates to 


 
prevent breaking, especially while 
onboard a ship. The bottles usually held  
medicine or alcoholic beverages.  
Because water was so scarce, case 
bottles were used to store freshwater.  


The medicine contained in some of the  
bottles was useful in treating any wounds 


 or illnesses.” 


 11) Candlestick holder 


“The light from a candle held in the  


candlestick holder provided some  
emotional comfort from the terrifying dark 


 of a strange new land.” 
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First Expert’s Ranking  
and Reasons 


12) Coins 


“Coins were an alternate trade item. The
English found out very quickly that their 
coins were not going to be used the way 
they were back in England to buy goods.
The Powhatan form of money was often 
beads and copper. The English learned 
to shape their coins like elongated beads
or to pierce holes in the coins, which 
were worn as pieces of jewelry. With 
these modifications, the Powhatans 
would trade food for the coins.” 


 
13) 15 meters (about 50 feet) of 
hemp rope 


“The rope was used to make traps and 
snares, but there were many readily 
avai
 


lable substitutes found in nature, so 
thi s item was not essential.” 


 


14) Hammock  
“T he hungry settlers worried about the 
uncertai nty of the future and did not get 
much sleep at night. The hammock was 
not essenti al for survival.” 


  
15) Astrolabe 


“T
 


he astrolabe was used to navigate by 
the stars  on large bodies of water such 
as oceans, 
 


but was not needed on the 
Jam
 


es River.” 


 


 


 


 


Second Expert’s Ranking  
and Reasons 


12) Candlestick holder 


“Candlestick holders and candles were 
needed to provide light after dark. 
Candles were made from natural 
sources, so these were not as necessary
as other items.” 


 


 


 


13) Astrolabe 


“Since the Jamestown settlers were no 
longer traveling on the ocean, the 
astrolabe was not necessary or 
practical.” 


 


 


 


14) Coins 


“Coins had little value in early Virginia, 
except as items to trade with the 
Powhatans for food.” 


 


 


 


15) Hammock 


“Though a place to sleep was important 
and a hammock provided a comfortable 
choice, a tired Jamestown settler would 
sleep just about anywhere.” 
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Survival in Jamestown: Three-Circle Venn Diagram  Student Handout 
 


Compare your group’s rankings to the experts’ rankings. You may consider any item 
scored plus or minus one number as an agreement. For example: Expert 1 ranked the 


musket as number 2 and Expert 2 ranked it as number 3. For the Venn Diagram, the 


musket ranking is an agreement. If your group ranked the musket as a 1, 2, 3, or 4, the 
item should be placed in the center section where all three circles intersect. If one of 


your group’s rankings matched only with Expert 1’s ranking, that item would be placed in 


the space where Expert 1’s circle overlaps with the Group Ranking circle. If an item is 
not a match for any one, that item is placed outside the three circles.
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Survival on the Moon Scenario          Student Handout 
 


 


The year is 2025 and you are part of a four-member team traveling toward 
the Moon in the Orion spacecraft. Orion is a gumdrop-shaped spacecraft 


designed to carry humans from Earth to the Moon. Orion is similar in shape, 


but larger than the capsules used during the Apollo program. Attached, or 
docked, to Orion is the Lunar Surface Access Module (LSAM), which you 


will use to land on the Moon. 


As your spacecraft enters lunar orbit, you spot the lunar outpost. This outpost has 
grown, having been built piece by piece during past missions. You are excited to see the 


outpost. It is located on a crater rim near the lunar south pole, in near-constant sunlight. 


This location is not far from supplies of water ice that can be found in the cold, 
permanently shadowed part of the crater. 


After transferring into the LSAM and separating from Orion, you prepare to descend to 


the lunar surface. Suddenly, you notice that there is a problem with the thrusters. You 
land safely, but off course, about 80 kilometers (50 miles) from the lunar outpost. As you 


look across the charcoal-gray, dusty surface of the Moon, you realize your survival 


depends on reaching the outpost, finding a way to protect yourself until someone can 
reach you, or meeting a rescue party somewhere between your landing site and the 


outpost. 


You know the Moon has basically no atmosphere or magnetosphere to protect you from 
space radiation. The environment is unlike any found on Earth. The regolith, or lunar 


soil, is a mixture of materials that includes sharp, glassy particles. The gravity field on 


the Moon is only one-sixth as strong as Earth’s. More than 80 percent of the Moon is 


made up of heavily cratered highlands. Temperatures vary widely on the Moon. It can be 
as cold as -193°C (-315°F) at night at its poles and as hot as 111°C (232°F) during the 


day at its equator. 


Survival will depend on your mode of transportation and ability to navigate. Your basic 


needs for food, shelter, water, and air must be considered. 


You are challenged to choose items that will help you survive. On the next page, you will 
find a list of 15 items available to you. Rank these items from 1 to 15 according to their 


importance to you and your crew. Place the number 1 by the most important item and 


continue ranking the items to number 15, the least important. Beside each choice, 


explain why you gave each item the rank it received and how you plan to use the item to 
help you survive. 


Once you have made your own choices, work with your team to come to a consensus. 
Your survival depends on your ability to work with other team members to determine not 


only the value of these items, but how to use them as well. 
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Student Handout 


 
How would you rank these items to  
survive on the Moon in 2025? 


Place the number 1 by the most important item and continue numbering to 15 to indicate 


the least important item. Beside each item, write your reasons for giving the item its 
ranking and explain how you plan to use the item to help you survive. 


Items that may help you survive on the Moon 


 


Life raft 
a self-inflatable floatation device 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 


 


Two 45.5-kilogram (100-pound) tanks of oxygen 
pressurized tanks of oxygen 


Rank:________ 
Reason:____________________________________________________
___________________________________________________________ 


 
Space blanket 
a thin sheet of plastic material that is coated with a metallic reflecting layer 


Rank:________ 
Reason:____________________________________________________
___________________________________________________________ 
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Lights with solar-powered rechargeable batteries 
portable lights powered by solar batteries 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 
 


 


Signal mirror 
a handheld mirror 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 
 


 


38 liters (10 gallons) of water 
a container of water 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 
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First aid kit 
a basic first aid kit with pain medication and medicine for infection 


Rank:________ 
Reason:____________________________________________________
___________________________________________________________ 


 


Food concentrate 


dehydrated food to which water is added 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 


 


Magnetic compass 


a tool that uses a magnetic field to determine direction 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 


 
Solar-powered radio receiver-transmitter 
a communication tool powered by the sun 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________
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Map of the Moon’s surface 


a map showing the Moon’s terrain 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 


 


 


15 meters (about 50 feet) of nylon rope 
manufactured rope 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 
 


 


Parachute 


a large piece of silk cloth 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 
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Space suit repair kit 
materials to repair tiny holes in fabric 


Rank:________ 


Reason:____________________________________________________
__________________________________________________________ 
 


 


Box of matches 
wooden sticks with sulfur-treated heads 


Rank:________ 


Reason:____________________________________________________
___________________________________________________________ 
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Survival on the Moon Ranking Answer Key        Student Handout 


 


Two NASA scientists separately ranked the same items and explained their 
reasons for their rankings. Dr. Carlton Allen was the first expert. Dr. Allen is the 
curator and manager of the Astromaterials Research and Exploration Science 
(ARES) Astromaterials Acquisition and Curation Office. This office is responsible 
for protecting, preserving, and distributing extraterrestrial samples to help others 
learn more about solar system exploration. These samples include the Apollo 
Moon rocks and regoliths, Antarctic meteorites, and particles of solar wind. Dr. 
Allen’s background is in planetary science. The second expert was John 
Gruener. He is a flight systems engineer at NASA’s Johnson Space Center and 
his background is in aerospace engineering and physical sciences with an 
emphasis in planetary geology. He has worked as a rocket scientist designing 
missions to the Moon and Mars, as a space farmer growing plants in advanced 
life-support systems, and as a planetary scientist studying the rocks and soils on 
Mars. 


Both experts agreed that the type of lander in which you were traveling would 
determine your course of action if you landed on the wrong place on the Moon. If 
you were in a two-stage lander (one stage for descent and one stage for ascent, 
like the Apollo lunar module), they suggested that you terminate the surface 
mission, head back to orbit, rendezvous with Orion in lunar orbit, and head home. 


If returning home was not a choice and you were stuck on the Moon, the experts 
suggested that you sit tight and wait for someone at the outpost to come and get 
you. They agreed that the safest thing to do in this situation, as in most 
emergencies, is to stay put and call for help. 


If someone from the outpost cannot reach you, then the experts felt that you had 
no option other than to try to make it to the outpost. The rankings and 
explanations below indicate how each expert ranked the items to help you reach 
the outpost. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


First Expert’s Ranking  


and Reasons 


 


1) Two 45.5-kilogram  
(100-pound tanks of oxygen 


“With basically no atmosphere on the 
Moon, oxygen (O2) to breathe is the 
most pressing survival need. The 
average person needs about 0.84 
kilograms (a little less than 2 pounds) 
of O2 per day.” 


 


Second Expert’s Ranking 
and Reasons 


 


1) Two 45.5-kilogram  
(100-pound) tanks of oxygen 


“Oxygen to breathe is the most 
important survival need, since the 
Moon has virtually no atmosphere.” 
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First Expert’s Ranking  


and Reasons 
 
 
 


2) 38 liters (10 gal lons) of water 


“Though we believe there is some 
water in the form of ice on the Moon, 
there is no liquid water. Water is 
essential to all life. Currently, each 
astronaut aboard the International 
Space Station (ISS) uses about 11 
liters (3 gallons) of water daily.” 


 


3) Food concentrate 


“Food concentrate is a good source of 
food and an efficient way to carry it.” 


 


4) Solar-powered radio receiver-
transmitter 


“Hopefully people from the lunar 
outpost are looking for you while you 
are trying to reach them. A solar-
powered radio receiver-transmitter is 
important to maintain this 
communication.” 


 


5) First aid kit 


“No matter where you are, a first aid kit
is a good idea. Be sure you carry pain 
medication and medicine for 
infections.” 


 


6) Map of the Moon’s surface 


“A map of the Moon’s surface is your 
primary way to identify your location 
and to help you navigate.” 


  


 


 


Second Expert’s Ranking  


and Reasons 


 


2) 38 liters (10 gallons) of water 


“Water is another basic survival need 
for the astronauts. Because there is 
no liquid water on the Moon, the 
astronauts will need the water they 
brought with them to survive.” 


 


3) Food concentrate 


“Although the food concentrate must 
have water added to be useful, it is 
lightweight and easy to carry, 
meeting a third basic need for 
survival.” 


 


4) Solar-powered radio receiver-
transmitter 


“As people from the lunar outpost are 
looking for you, you should try to 
reach them. Maintaining 
communication with your outpost is 
essential.” 


 


5) First aid kit 


“A first aid kit takes up little space 
and may be important to have in case 
of illness or injury.” 


 


6) Map of the Moon’s surface 


“With no other directional tools 
available, a map of the Moon’s 
surface is the most important means 
of finding your way from one location 
to another.” 
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First Expert’s Ranking  


and Reasons 


 


7) Space suit repair kit 


“You cannot afford to have any tears in 
your space suit. Your suit protects you 
from harsh conditions while you make 
your way to the lunar outpost. The soil of 
the Moon (regolith) ‘sticks’ to space suits 


 
and equipment. It is very sharp, like tiny 
fragme nts of glass or coral, and can cut 
hol es that put your life at risk.” 


 


 
 


8) 15 meters (abo ut 50 feet) of nylon 
rope  


 “The nylon rope is useful in scaling cliffs 
or crat ers you may have to cross. To 
prevent i njury or in case you cannot 
wa lk, rope is helpful for tying you to 
others. ” 


 


 
 


9) Space blanket  


“T he space blanket helps reduce heat 
loss from a  person’s body. The reflective 
materi al reflects about 80 percent of the 
wearer’ s body heat back to the body. 
The r eflected side is also used to prevent 
absorpti on of sunlight.” 


  
 


10) Signal mirror  


“T he signal mirror is an important way to 
communi cate during the daylight. The 
Moon’ s daylight is brighter and harsher 
than Earth’s. There is virtually no 
atmosphere to scatter the light, no 
clouds to sha de it, and no ozone layer to 
block the sun  burning ultraviolet light.” 


   


Second Expert’s Ranking  


and Reasons 


 


7) Space suit repair kit 


“Your space suit protects you from the 
harsh conditions on the Moon. The 
sharp soil of the Moon can cut tiny 
holes in the suit, which may 
compromise its effectiveness.” 


 


8) Life raft 


“The life raft makes a great sled for 
carrying the oxygen and water.” 


 


9) Space blanket 


“The space blanket is used to insulate 
the oxygen and water from the hot 
daytime temperatures. Temperatures 
vary widely on the Moon. It can be as 
cold as -193°C (-315°F) at night at its 
poles and as hot as 111°C (232°F) 
during the day at its equator.” 


 


10) 15 meters (about 50 feet) of  
nylon rope 


“The rope makes dragging the life raft 
easier or may come in handy when 
crossing difficult terrain.” 
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First Expert’s Ranking  


 
and Reasons 


  


 


11) Lights with solar-powered 
rechargeable batteries 


“T hese lights allow for nighttime travel. 
The nights on the Moon are brighter than 


 
nights on Earth, at least on the side of 
the Moon  that is facing Earth. With its 
clouds and oceans, Earth reflects more  
light than the dark Moon rocks. Earthlight 
on the Mo on is much brighter than 
moonl ight on Earth.” 


  
12) Life raft  
“A life raft is of little use for survival on  
the Moon. Although it could be used to 
drag he avy items, the sharp regolith 
would quickly puncture the raft.”  
  
13) Parachute silk  
“Compared to other items, this item is of 


 
little use.” 


 
 


 14) Magnetic compass 
 “The Moon has no global magnetic field, 


wh ich makes a magnetic compass 
virtually useless.” 


 
 


 
15) Box of matches 


 
“Matches are virtually useless on the 


 Moon because there is little oxygen.” 


   


 


Second Expert’s Ranking  


and Reasons 


 


11) Lights with solar-powered 
rechargeable batteries 


“The lights are helpful if you travel 
across large shadowed areas. Some 
areas in the polar regions are 
permanently dark.” 


 


12) Signal mirror 


“The signal mirror is used as a form of 
communication if the radio is not 
working.” 


 


13) Parachute silk 


“Parachute silk comes in handy as a 
backup sled to the life raft, or as 
shade.” 


 


14) Box of matches 


“With little oxygen on the Moon, the 
matches are useless.” 


 


15) Magnetic compass 


“The compass is virtually useless 
because there is no Moon-wide 
magnetic field.” 
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Survival on the Moon: Three-Circle Venn Diagram               Student Handout 
 
 
Compare your group’s rankings to the expert’s rankings. You may consider any item 


scored plus or minus one number as an agreement. For example: Expert 1 ranked a 


magnetic compass as number 14 and Expert 2 ranked it as number 15. For the Venn 


Diagram, the magnetic compass is an agreement. If your group ranked the magnetic 
compass a 13, 14, or 15, the item should be placed in the center section where all three 


circles intersect. If one of your group’s rankings matched only with Expert 1’s ranking, 


that item would be placed in the space where Expert 1’s circle overlaps with the Group 
Ranking circle. If an item is not a match for any one, that item is placed outside the three 


circles. 
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FOLLOW THE WATER 
Exploration: Then and Now 
 


 


Grade Level: 6–8 


Connections to Curriculum: 
Science and Mathematics 


Teacher Preparation Time: 
60 Minutes 
Lesson Duration: 
Five 50-Minute Class Periods 


(See Pacing Chart for Options) 


National Science Education 
Standards 
Science as Inquiry 


Physical Science 


Life Science 


Earth and Space Science 


National Council of Teachers of 
Mathematics Standards 
Measurement 


Essential Questions 
Where is water found? 
Why is liquid water important for life? 


 
Lesson Overview 
This lesson investigates some of the 
physical properties of water and the 
importance of those properties for life on 
Earth. Students conduct experiments on 
osmosis, observing the effects that various 
amounts of salinity have on the transport of 
water into and out of cells. Students also 
explore water’s movement through different 
soils, learning about porosity and 
permeability. Students make observations 
about the availability and location of water 
on Earth, the Moon, and Mars. 
 
Background Information 
From ancient times, explorers have 
searched for, found, and then followed 
water. Early settlements, like Jamestown, 
were established near water because water 
is essential for survival. Nearby oceans, bays, and large rivers provided a 
“highway” for trade and travel. Ports were key points of entry for ships bringing 
people, goods, and news from home. Most importantly, however, early 
settlements needed a local source of freshwater. 


Water creates an environment that sustains and nurtures plants, animals, and 
humans. Earth is unique in its abundance of liquid water. About 70 percent of its 
surface is covered in water. Water is the mo t fundamental component of Earth’s 
environment and can be found in all three phases: solid, liquid, and gas. The 
water cycle describes the repetitive pathway of water molecules from Earth's 
surface to the atmosphere and back again. This system, powered by energy from 
the Sun, is a continuous exchange of moistu e between the oceans, the 
atmosphere, and the land. 
 
The search for water continues to drive expl ration today, even in space 
exploration beyond Earth. Water ice has bee  observed in the polar regions of 
Mars and makes up a large percentage of some of the moons of Jupiter and 
Saturn. Some scientists believe that water ic  may also exist at the poles of 
Mercury in permanently shadowed areas. According to initial scientific data 
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returned by NASA's Lunar Prospector, water ice may also exist at both the north 
and south poles of the Moon, again, in permanently shadowed areas. This ice 
may hold clues to the early history of the Moon and the impacting bodies that 
bombarded the Earth-Moon system billions of years ago. NASA is planning new 
missions that may help unlock these clues. 
 
On Earth, liquid water interacts with soil in predictable ways. Scientists think the 
same may be true elsewhere in the solar system. Tests that determine the soil’s 
acidity on a planet like Mars could indicate what gases formed and later modified 
the Martian atmosphere. Examination of lunar soil in the Moon’s polar regions 
during future missions could reveal much about the nature and extent of frozen 
water there. 
 
Besides being a passageway for transportation and helping to shape a planet’s 
environment, water is essential for transporting materials within the human body. 
The properties of liquid water allow the transport of gasses, nutrients, and 
hormones that support life as we know it. In many ways, liquid water is vital to life 
 
Instructional Objectives 
Students will: 


• observe and describe osmosis; 
• compare the porosity and permeability of several soil samples; 
• observe a soil’s water-holding capacity; 
• model water dissolving materials as it travels through soil samples; 
• make observations about the availability and location of water on Earth, 


the Moon, and Mars; 
• design an investigation to determine how varying amounts of salt in water 


affects seed germination; 
• identify the salinity of unknown solutions based upon observation; and 
• compare the differences in challenges faced by 17th-century and 21st-


century explorers. 


Materials 
Students will need journals and class charts in order to organize 
information throughout this lesson. 
 
Engage 
Per class: 


• Potato peeler  
Per group: 


• One potato 
• Paper plate 
• Freshwater 
• Saltwater (dissolve 3–4 tablespoons of salt in 100 milliliters tap water) 
• Eyedropper for each liquid 
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Explore 
Per class: 


• About 1 liter of sand 
• About 1 liter of gravel, any size that is available 
• About 1 liter of topsoil 
• About 10 tablespoons of rock salt 
• Three 2-quart packages of red, purple, or green powdered drink crystals 


Per group: 
• Two 500-milliliter plastic bottles (recycled soda or water bottles) 
• One 5-by-5-centimeter square piece of gauze or cheesecloth 
• Rubber band, any size 
• 250-milliliter graduated cylinder 
• Permanent marker 
• Stopwatch or watch with a second hand 
• Two water-collecting containers or beakers 


Per student: 
• “Water Race Data Chart” 


 
Explain 
Per student: 


• “NASA and Jamestown Follow the Water Chart” 
 
Extend 
Per group: 


• Presoaked seeds (lima beans or corn) 
• Plastic, sealable sandwich bags 
• Paper towels 
• Transparent tape 
• 100-milliliter graduated cylinders 
• Metric rulers 
• Other materials as requested by students based upon students designing 


the experiment 
• “Experimental Design Chart” 


 
Evaluate 
Per group: 


• Three samples of Elodea (common name, anacharis), freshwater plant 
found at pet stores in the aquarium section; lettuce may be used as a 
substitute if Elodea is unavailable 


• Three solutions marked “A,” “B,” “C” (freshwater, brackish water, 
saltwater) 


• Three eyedroppers 
• Compound microscope (at least 100x magnification) 
• Microscope slides 
• Cover slips 
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Vocabulary: 
adhesion: molecular attraction that holds the surfaces of two substances in 
contact (e.g., when water molecules are attracted to molecules of other 
substances) 
 
aquifer: rock or soil through which groundwater moves easily  
 
brackish water: water that is a mixture of freshwater and saltwater; contains 
less salt than seawater but more salt than freshwater 
 
capillary action: the ability of a substance to draw liquids upwards against the 
force of gravity 
 
cohesion: the property of a material to stick together (e.g., an attraction of one 
water molecule to another water molecule) 
 
electrolyte: any of the solutes (i.e., sodium, chloride, potassium) that help 
maintain hydration of the body as well as muscle and nerve function 
 
estuary: a coastal area or place where freshwater and saltwater mix, such as a 
bay, salt marsh, or where rivers enter an ocean 
 
groundwater: water that flows or seeps downward and saturates soil or rock, 
feeding springs and wells; water stored underground in rock crevices and in the 
pores of geologic materials that make up Earth's crust 
 
isthmus: a narrow strip of land separating two bodies of water and connecting 
two larger land masses 
 
osmosis: the movement or transport of water molecules across cell membranes 
due to differences in solute concentration between the inside and outside of the 
cells 
 
peninsula: a narrow neck of land projecting into a body of water, surrounded by 
water on three sides 
 
permeability: a material’s ability to allow liquid (e.g., water) or gas to flow or 
pass through it  
 
porosity: percent of a material’s total volume that is not occupied by solid 
particles (e.g., pore space) 
 
semipermeable: partially but not wholly permeable (e.g., allows passage of 
some but not all materials) 
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solute: a material that dissolves in another substance, usually a liquid, forming a 
solution 
 
solvent: a substance that dissolves other substances, forming a solution; water 
dissolves more substances than any solvent and is known as the “universal 
solvent” 
 
universal solvent: water dissolves more substances than any solvent and, as 
such, has been called the “universal solvent” 
 
Suggested Pacing  
 Engage Explore Explain Extend Evaluate Total


50-
minute 
class 


periods 


 
 ½ class 
period 


 
1 class 
period 


 
½ class 
period 


 
2 class 
periods 


(optional)


 
1 class 
period 


 
5 class 
periods 


 


 
Instructional Procedure 
Teaching Suggestion: Prior to beginning this lesson, create a chart that will be 
displayed throughout the lesson to help organize student learning. Ask the 
students to create similar charts in their journals. The charts may be formatted as 
follows, but must be large enough to organize information. 
 
 EARTH MOON MARS
Where is water 
found? 


   


Why is liquid 
water important 
for life? 


   


 


 
Engage 
Finding freshwater is essential for choosing a location for settlement. In 1607, the 
Jamestown settlers focused on finding a suitable site, complete with freshwater, 
for their new home. The spot they chose was a peninsula, connected to the 
mainland by a narrow isthmus and protected on three sides by the James River, 
the Back River, and Sandy Bay. The river water appeared to be fresh when the 
settlers first arrived in the spring. However, the settlers did not realize that the 
lower part of the James River is actually an estuary, a place where saltwater 
transitions into freshwater thereby creating brackish water.  
 
During the dry summer months, the Jamestown settlers experienced drastic 
changes in the salinity of the surrounding water. The brackish water became 
saltier due to warmer temperatures and less rainfall. These seasonal changes, 
compounded by a serious drought, resulted in little freshwater for the early 
Jamestown settlers. At times, the water contained 5 times more salt than is safe 
to drink. 
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What happens when people drink saltwater or put too much salt into their 
body? 
 
Taking in a certain amount of salt (sodium chloride) is essential for maintaining 
good health. One reason for this is that salt helps to maintain the electrolyte 
balance inside and outside of cells. Cells are surrounded and protected by a 
structure called a cell membrane that helps regulate materials traveling into and 
out of the cell. This membrane is semipermeable, meaning that some but not all 
materials may move through it. Water easily travels through this membrane, but 
not all solutes dissolved in the water can pass through the membrane. Salt, for 
example, cannot travel through the cell membrane. 
 
If the environment surrounding the cell becomes too salty or not salty enough, 
the amount of water stored in the cell may change. If cells are in very salty water, 
water molecules leave the cell through the membrane. If cells are in water 
without salt, water molecules move into the cells, increasing the volume of the 
cells. In either case, the health of the cells may be in jeopardy. 
 
Drinking saltwater would result in water leaving, or dehydrating, the cells. This 
would drastically shift the location of water in the body, resulting in an imbalance 
of electrolytes within the body. This could result in a heart attack, increased fluid 
in the respiratory tract, changes in blood pressure, and seizures. 
 
The movement or transport of water molecules across membranes is called 
osmosis. Molecules of water tend to move toward the environment that has the 
most dissolved material or the least amount of water. 
 
The result of osmosis can be seen in the following activity. Students are asked to 
be careful observers and to make inferences about what they observe. PLEASE 
DO NOT give students any background information about osmosis before 
doing this activity. 
 
1. For each group of students, you need to cut a potato in half. To make a flat, 
stable base for each half, cut the rounded ends (bottom) off each potato. Put the 
potato halves on a paper plate. Use a potato peeler to bore out a hole 2–3 
centimeters across and 3–4 centimeters deep on the flat, cut surface of each 
half. Be careful NOT to bore completely through the potato. See Diagram 1. 
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                     Diagram 1 


      
      


 
 
 
 
 
                                              
                                              
 
2. Ask each group to use an eyedropper to carefully fill the hole in one potato 
with freshwater. Demonstrate how to fill the hole to make the water level with the 
top of the potato. Label this potato “A.” See Diagram 2. 
 
 


              Diagram 2    


 
 
 
 
 
                                    
 
3. Ask each group to fill the hole in the other potato with saltwater. Label this 
potato “B.” 
4. Ask students to make drawings of each set-up in their journals and to predict 
what they expect to see in 10 minutes. 
5. After 10 minutes, ask students to record their observations. 
6. Discuss the following questions as a class. 


• Describe the differences that you see between the two potatoes. Don’t 
limit your descriptions to just the hole filled with water. (The hole with the 
freshwater seems to lose water as water is carried into the potato’s cells. 
The hole with the saltwater fills and overflows. Water from the potato cells 
is transported out of the potato.) 


• What do you think caused the movement of the water? (Water moving 
across the cell membrane due to differences in solute concentration 
between the inside and outside of the cell is called osmosis. The cell 
membrane is a semipermeable membrane that allows water to move 
through it. Salts and some other dissolved substances cannot travel 
through the membrane.) 


• For the potato with the freshwater, where do you think the water has 
traveled? (The water has moved from the hole into the potato’s cells.) 


• For the potato with the saltwater, what is the source of the extra water? 
(The water is moving out of the potato’s cells.) 


• Compare your cells with the potato cells. How are they alike and different? 
(Both the plant cells and human cells [animal cells] have semipermeable 
cell membranes. Plant cells also have a cell wall that makes the cells 
more rigid.) 


• How does this experiment model what happened to the Jamestown 
settlers when they drank brackish water with high levels of salt? (In a 
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simple way, the potato and the saltwater demonstrate what happened to 
the Jamestown settlers when they drank salty water. Just as water travels 
from the potato cells into the salty water, water in the cells of the 
Jamestown settlers traveled out of the cells, dehydrating the cells. For the 
Jamestown settlers, this shifted the location of water in their bodies, 
resulting in an imbalance of electrolytes within the body. Many settlers 
died as a direct result of drinking the saltwater.) 


7. Ask students to add any information to the class/student charts created at the 
beginning of this study to help answer the question, “Why is liquid water 
important for life?” 
 
Explore 
From space, Earth has been described as a “blue marble.” It looks like the watery 
planet that it is. Liquid water is a vital substance that sets Earth apart from the 
rest of the planets. Without water, plants, animals, and people would die. 
Although water covers approximately 70 percent of Earth’s surface, usable water 
is not as abundant as one might think. 
 
Based upon statistics from the U.S. Geological Survey, about 97 percent of 
Earth’s water is saltwater, resulting in only about 3 percent freshwater on Earth. 
When you take a close look at Earth’s freshwater, about 69 percent of the 
freshwater is locked up in glaciers and icecaps and about 30 percent of Earth’s 
freshwater is stored in groundwater, which leaves less than 1 percent found as 
easily accessible surface water. 
 
Groundwater is the largest single source of freshwater available for human use. It 
fills pores or open spaces in soils and rocks, creating aquifers. An aquifer may be 
a layer of gravel or sand, a layer of sandstone or other rock, or some other 
material with holes or pores that can store water underground. 
 
A soil’s texture helps determine how much water the soil can hold, or the soil’s 
water-holding capacity. Based upon the relative proportions of different-sized 
particles, soil texture can be classified as sand, silt, and clay, with sand being the 
largest particles and clay the smallest. When soil is a combination of all three 
textures, it is referred to as a loam, a more complicated soil textural class. The 
soil at Jamestown is sandy loam, a mixture of more than 50 percent sand with 
varying amounts of clay and silt.  
 
Sandy soil has larger pores and a low water-holding capacity, allowing water to 
drain more quickly than clay and silt soils. The sandy loam proved to be a 
problem for the Jamestown settlers, since a soil’s water-holding capacity is a 
measure of how much water might be stored for plants or human use.  
 
A soil’s porosity describes the amount of open space, or pores, in the soil. A 
soil’s permeability measures how water flows through the soil. The porosity and 
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permeability of the soil, coupled with gravity, affects how much water is stored as 
groundwater. 


Water is the only chemical compound naturally found on Earth’s surface in all 
three physical states—as a solid, liquid, and gas. Liquid water is called the 
”universal solvent,” as it can dissolve more materials than any other liquid. 


Liquid water, like rain, dissolves some carbon dioxide and other gases as it falls 
through the atmosphere. Although people may think rainwater is freshwater, 
carbon dioxide mixed with water sometimes creates a mild carbonic acid. 
Rainwater may weather and erode rock, dissolving some materials such as salts 
and other minerals. 


When water travels through sand, soil, and gravel, it dissolves some of the 
substances in those materials. Salt is one material easily dissolved as water 
travels through soil and earth materials. This is one reason that the majority of 
water on Earth is salty. 


When ocean water evaporates or sea ice is formed, the salinity of the ocean 
increases. Water vapor and ice are basically salt-free. An increase in salinity is 
counterbalanced by the addition of freshwater from rivers, rain and snow, and 
melting ice. 


This activity challenges students to observe the movement of water as it “races” 
through different soil samples. They will look for evidence that water has 
dissolved materials and will gain a better understanding of how water is stored as 
groundwater. 
 
1. Before beginning this experiment: 


• Gather two 500-milliliter (16.9-fluid-ounce) plastic bottles for each group. 
For consistency, use the same style of bottle for all groups. Cut off the 
base of one bottle to make the container for the soil column. Cut the top 
off of the spout of the other bottle to make the water collector. 


      See Diagram 1. 
 


       
     Soil column 


                  Water collector 
                                   Diagram 1                                         


 


 
 


     
              
 
 
 
                   
                   
                   


• Gather three different soil samples: sand, gravel, and topsoil. You will 
need enough of each soil sample to make two soil-test columns. See 
Diagram 2. 
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            Sand                                Gravel                              Topsoil 


                                                  Diagram 2 


 


 


 
 
 
 
 
 
 
                     
 
                          
 
2. Show the students how to place a piece of gauze or cheesecloth over the 
spout of the bottle, securing the cloth with a rubber band. 
3. Ask students to use a graduated cylinder to measure 50 milliliters of water and 
how to pour the water into the collecting bottle. Demonstrate how to mark the 
water level of the 50 milliliters of water on the outside of the bottle. 
4. Once the water level is marked, ask students to empty the water out of the 
bottle. Students will use this line for the finish line of the 
water race. 
5. Give each group a small sample of each soil. Ask 
students to create their own chart to make and record 
observations about the sand, gravel, and topsoil. 
Explain that the sand sample is most like the soil found 
at Jamestown. 
6. Ask students to make the following predictions: 


• Which material do you think will allow water to 
pass through the quickest and which will be the 
slowest? 


• Which material will “hold” the most water? 
• Which materials might dissolve in the water? 


7. Each group will “race” water through one soil sample. 
Arrange for each sample to be tested by two different  
groups. For example, if you are working with six groups, two groups will test 
sand, two groups will test gravel, and two groups will test topsoil. 


 
 


Water Race Data Chart 


8. Demonstrate how to fill the soil column with about 16 centimeters of the soil 
sample. Measure from the mouth of the bottle. Discuss the importance of 
accurately measuring the soil column and the need for each group to be 
consistent with this measurement. 
9. Help students fill their group’s soil column and support the soil column in the 
water-collecting bottle. 
10. Ask students to measure 250 milliliters of water using a graduated cylinder. 
11. Once all groups are ready for the race, ask students to record their 
predictions for how long they think it will take 50 milliliters of the 250 milliliters of 
water to travel through the soil column. 
12. Each group should have a student timer to start the “race” and should stop 
timing when 50 milliliters of water has been collected in the water-collecting 
bottle. 


 







 


Exploration: Then and Now                                              NASA and Jamestown Education Module 
EG-2006-09-25-LaRC                                                                  Follow the Water    Page 11 of 23 


13. Have students continue to collect water until no more water passes through 
the column. 
14. Ask students to make the following observations about the water: 


• How much water traveled through the soil sample? (Answers will vary, but 
more water will travel through the material that has the greater 
permeability. Permeability is a measure of how water flows through the 
pores in a material.) 


• What happened to the water that was not collected in the water-collecting 
bottle? (Water is stored in pores within the soil. This is how groundwater is 
stored. About 30 percent of Earth’s freshwater is stored as groundwater.) 


• Describe the water that has been collected. What materials did the water 
pick up as it traveled through the sample? (Depending on the soil sample, 
the collected water may be muddy or cloudy. Materials in the soil may 
have been dissolved by the water. The water may also have picked up 
and carried small soil particles as it traveled through the sample.) 


• How could you test to find out if the water picked up materials that you 
cannot see? (Water is the universal solvent, which means that it dissolves 
many materials. Materials from the soil that cannot be seen have probably 
dissolved in the water. It may be possible to recover these materials by 
evaporating the water. Dissolved materials are left behind when water 
evaporates.) 


• Which soil sample “won the race?” What comparisons can you make 
about the texture of the soil sample that allowed water to pass through the 
quickest? (Water will travel more quickly through the sample with the 
largest and greatest number of pores. In most instances, the gravel allows 
the water to pass through the quickest. The gravel usually has the 
greatest porosity and most permeability because it has the most pores. 
The pores are connected to allow water to flow through them.) 


15. As a class, make comparisons between the three soil samples by comparing 
the data. 
16. Ask students to collect and label the water from the water-collecting bottle. 
They will compare this first sample to the sample collected in the next trial. 
17. Ask students to measure another 250 milliliters of water to run this race again 
and repeat the experiment. 
18. The soil column now contains some stored water. Use these questions to 
help guide the discussion of how this might affect the second race. 


• Do you expect the same material to allow water to pass through the 
quickest and the slowest? How do you think stored groundwater will affect 
the speed that the water travels through the soil?  


• Will the same material “hold” the most water if it already contains some 
stored groundwater? 


19. Run the race again. Compare the results of the second trial to the first trial.  
20. Ask students what they think might happen if water was poured into soil that 
was already saturated with groundwater. Ask students how they might test their 
predictions.  
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21. Ask students to compare the second sample of collected water to the first 
sample. Is there any difference in the clarity of the two samples? (In some 
instances, the second sample will look cleaner than the first sample. Materials 
that easily dissolve or are carried by the water may have been carried by the first 
sample of water.) 
22. Cover the top of half of the soil columns with 2–3 tablespoons of rock salt. 
23. Cover the top of the other half of the soil columns with one package of purple, 
green, or red powdered drink crystals. Choose a color that will be the most 
obvious once it dissolves and travels through the column of soil. 
24. Ask students to predict what will happen when another 250 milliliters of water 
is poured through the soil column. Discuss the reasons for their predictions and 
what evidence they expect to see to support their predictions. (The water will 
dissolve the salt and powdered drink crystals. As the dissolved material travels 
through the soil, some of the water carrying the dissolved material will be stored 
as groundwater. Some of the water carrying the dissolved material will travel 
through the soil. Dissolved salt in water will not be visible. Dissolved drink 
crystals will color the water.) 
25. Compare what the students observe to their predictions. Ask students what 
they might do to “prove” that salt was dissolved in the water and carried through 
the soil sample? (Students may suggest evaporating the collected water to 
retrieve the salt.) 
26. Discuss these questions with the students: 


• How does this last trial compare to what happens in the “real world”? 
(When water travels through sand, soil, and gravel, it dissolves some of 
the substances in those materials. Salt is one material easily dissolved as 
water travels through soil and earth materials. This is one reason that the 
majority of water on Earth is salty.) 


• What impact might salting icy roads have on the surrounding 
environment? (As observed in this lesson, salt is easily dissolved in water. 
Dissolved salt in water may be stored as groundwater and mix with 
freshwater supplies.) 


• Why is it important to follow directions regarding quantity when applying 
fertilizers to plants? (Many fertilizers are easily dissolved in water. 
Fertilizers dissolved in water may be stored as groundwater or travel 
through groundwater to sources of fresh surface water.) 


27. Ask students to add any information to the class/student charts created at the 
beginning of this study to help answer the question, “Where is water found?” 
 
Teaching Suggestion: Connect this lesson to NASA’s hunt for water beyond 
Earth. Water ice has been observed in the polar regions of Mars and makes up a 
large percentage of some of the moons of Jupiter and Saturn. Some scientists 
believe that water ice may also exist at the poles of Mercury and the Moon in 
permanently shadowed areas. 
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In 2002, the Mars Odyssey spacecraft found evidence of large amounts of water 
ice buried in a thin layer of soil around the Martian poles. Scientists estimate that 
high concentrations of ice, perhaps as much as 80 percent by volume, may be 
within half a meter of the surface. Permafrost on Mars is another place that may 
contain large amounts of frozen water. The Martian permafrost may be several 
kilometers thick and as much as half of this layer could be water ice. 
 
Freeze some of the soil samples to create dirt/water icicles. Ask students to 
investigate the water content of frozen soil samples by examining the frozen 
samples. Based upon their observations, ask students to identify which sample 
may be most like the frozen ice scientists expect to find near the north pole of 
Mars. 
 
You may want to show the 60-second NASA KSNN™ (Kids Science News 
Network) video, “Where can NASA find water on Mars?” found at 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=phoenix. You will also find an 
expanded version of this activity and more explanations about water on Mars on 
this site. 
 
Explain 
Exploration is often guided by searching for and following water. Early 
settlements, like Jamestown, were established near water because water is 
essential for survival. 
 


 


NASA and Jamestown 
Follow the Water Chart


The search for water continues to drive exploration 
today, even in space exploration beyond Earth. 
Water ice has been observed in the polar regions of 
Mars and makes up a large percentage of some of 
the moons of Jupiter and Saturn. Some scientists 
believe that water ice may also exist at the poles of 
Mercury and the Moon in permanently shadowed 
areas.  
 
1. Ask students to read the “NASA and Jamestown 
Follow the Water Chart” to find out more about why 
water is important to settlement and how water has 
long influenced exploration. 
2. Discuss key ideas from the reading. 
3. Help students add any information to the  
class/student charts created at the beginning of this 
study to help answer the questions, “Where is water found?” 
and “Why is liquid water important for life?” 
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Extend 
The Engage, Explore, and Explain activities look at some of the reasons water 
is important for life. The demonstrated water processes deal with liquid water. As 
observed in the Engage activity, liquid water transports or carries some materials 
into and out of cells. Liquid water dissolves some substances as it travels 
through different soil samples, as demonstrated in the Explore activity. Human’s 
need for freshwater was discussed in the Explain reading. 
 
This activity challenges students to design and implement an experiment to 
discover how seed germination is affected by varying amounts of salt in water. 
One important food for the early Jamestown settlers was corn. Scientists are 
studying which plants to grow in a spacecraft for long-duration missions in space. 
Researchers believe that some of the best plants for a long mission are soy, 
peanuts, potatoes, tomatoes, beans, green leafy vegetables, and wheat. 
 
Seed germination and crop growth were affected as the water source for the 
Jamestown settlers became saltier. At first, the Jamestown settlers thought the 
water in their new home was fresh and sweet tasting. But the brackish water 
became saltier and saltier as seasonal temperatures became warmer and there 
was less rainfall. 
 
How much salt is usually found in brackish and ocean water? 
 
The amount of salt or salinity in saltwater is measured by looking at the 
concentration of salt in the water. This is usually described by comparing the 
amount of salt in 1,000 grams of water. One gram of salt in 999 grams of water 
would have the salinity of 1 part per thousand, or 1 ppt. 
 
Freshwater is usually less than 0.5 ppt. Water with salinity ranging from 0.5 ppt 
and 17 ppt is called brackish. Estuaries, places where fresh river water merges 
with the ocean water, are examples of brackish water. 
 
The average salinity of ocean water is 35 ppt. This 
amount may vary between 32 and 37 ppt, affected by 
rainfall, evaporation, river runoff, ice formation, and 
climate. By this measurement, ocean water is about 3.5 
percent salt. About 90 percent of this is sodium 
chloride, or table salt. The other dissolved salts include: 
magnesium, sulfur, calcium, and potassium. 


 
Experimental Design 


Chart 


 
1. Challenge the students to work as teams to design 
an experiment to answer this question, “Can adding salt 
to water affect seed germination?” 
2. Use the experimental design chart and these 
questions to help students develop this experiment: 
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• What might be the independent variable for this experiment? (The amount 
of salt in the water.) 


• What is the dependent variable for this experiment? (Seed germination) 
• What is the control for this experiment? (Water without salt. This might be 


distilled water.) 
• How can you simulate fresh, brackish, and ocean water? (Freshwater is 


usually less than 0.5 ppt. Water with salinity ranging from 0.5 ppt and 17 
ppt is called brackish. The average salinity of ocean water is 35 ppt. This 
amount may vary between 32 and 37 ppt. Students can mix these 
solutions in 2-liter bottles. For example, ocean water [35 ppt] can be 
created by mixing 35 grams of salt with 965 grams of distilled water. One 
gram of water equals 1 milliliter of water, so you will mix 35 grams of salt 
with 965 milliliters of distilled water.) 


• How can the class work together to gather more data? (Students may 
work as teams, with each team setting up one control test and one or two 
experimental tests.) 


• How can the class work together to double check each group’s results? 
(Experimental tests may be assigned to more than one team so that each 
test solution is assessed more than once.) 


• What materials are available for this experiment? (Review available 
materials with the class. You may want to pre-soak seeds for the students 
to speed up the germination. Dried lima beans from the grocery store work 
well. Corn seeds could be used to draw a connection to the Jamestown 
settlers, but seed corn needs to be purchased from gardening or feed 
stores.) 


• How will you design your experiment so that you can easily observe 
germination? (You may allow your students to design this experiment, 
making it an open inquiry. Or, you may want to make this a guided inquiry 
and offer suggestions for ways to design this experiment. One protocol for 
experimental design would be for students to use sealable plastic 
sandwich bags and paper towels as the germinating bags. A paper towel, 
when folded into quarters, fits inside the plastic bag. Transparent tape 
holds the seeds across the middle of the paper towel. Students pour water 
into the bag to create a pool of liquid about 1 centimeter deep along the 
bottom of the bag. The edge of the paper towel should hang into the water 
solution. The plastic bags can be taped to a window or hung on a line 
along a window. See Diagram 1. 


 
 
 
 
 
 
 
 
 







 


Exploration: Then and Now                                              NASA and Jamestown Education Module 
EG-2006-09-25-LaRC                                                                  Follow the Water    Page 16 of 23 
 


Diagram 1 


The water will travel through the paper towel through capillary action. If 
students have not observed capillary action before, this gives them a 
chance to see how water climbs up the paper towel against the downward 
pull of gravity. In nature, capillary action helps water travel to the highest 
branches and leaves in a tree. Two properties of water, its cohesion and 
adhesion, work together in capillary action. Adhesion describes water’s 
attraction to other materials. Water moves through some small-diameter 
tubes due to its attraction to the molecules that make up those tubes. 
Cohesion describes a water molecule’s attraction to other water 
molecules. Water molecules pull each other along through the narrow 
tubes in the paper towel.  


As a class, students will decide which group will test brackish or salt 
water. Each group should set up a second germinating bag using 
freshwater as a control. Four to 5 seeds should be placed inside each 
bag. 


Students should make daily qualitative [describing changes in the seed] 
and quantitative [measuring the roots] observations.) 


• How will you organize and sort data? Be sure to include both words and 
pictures to record what you observe. (A variety of data charts could be 
developed.) 


3. Help students analyze their data and draw conclusions from this experiment. 
These questions may help guide this discussion: 


• Which liquid would you choose for the best germination? 
• What might you infer from this experiment about the effect salting icy 


roads may have on the environment? 
• How does this experiment depict some of the experiences of the early 


Jamestown settlers? 
• What does this experiment reveal about the importance of freshwater for 


life and future explorations? 
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Evaluate 
Choose one or more of the following activities to assess student understanding. 
1. Evaluate the students’ charts. Look for an increase in understanding of where 
water can be found and why liquid water is important for life. 
2. Evaluate the student-designed experiments from the Extend section that 
answer the question, “Can adding salt to water affect seed germination?” 
3. Ask students to work in groups to solve the mystery of the “Case of the Salty 
Water.” 


• Give each group 3 small samples of Elodea. Elodea is a green freshwater 
plant. If Elodea is unavailable, you may substitute lettuce. 


• Give each group 3 “unknown” solutions marked “A,” “B,” and “C.” One 
solution is actually freshwater, one solution is brackish water, and one 
solution is saltwater. 


• Give students access to microscopes, microscope slides, cover slips, and 
eyedroppers. 


• Challenge the students to use these materials to make a “case” for which 
solution is freshwater, which is brackish, and which is saltwater. 


• Students should be able to apply what they have learned about osmosis to 
solve this mystery. When placed in saltwater, the water inside the Elodea 
cells will move out of the cell. This loss of water will cause the cells to 
shrink and become limp. Under the microscope, students will see the 
cytoplasm shrink and pull away from the cell wall. 


4. Ask students to write a paragraph to respond to one of the following journal 
prompts. 
 
Journal Prompt 1: Where is water found? Organize your writing by thinking 
about answers to these questions: 


• Where is water found on Earth? 
• Where is water stored on Earth? 
• Where has evidence of water been found in the solar system? 
• What role does finding water play in past, present, and future 


exploration? 
 
Journal Prompt 2: Why is liquid water important for life? Organize your writing 
by thinking about answers to these questions: 


• How does water transport or carry materials? 
• What can liquid water do that cannot be done by water as a solid or 


gas? 
• Why was liquid water important for the Jamestown settlers? 
• Why does NASA search for water on the Moon and Mars? 
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Additional NASA Resources 
Sections of this lesson were adapted from existing NASA educational products. 
These additional NASA resources may extend student understanding about 
where water can be found and why liquid water is important for life. 
 
Living Off the Land: Water Filtration Challenge 
Students learn about the importance of an Environmental Control and Life 
Support System (ECLSS) through this Engineering Design Challenge. They 
design, build, test, and measure the performance of a water filtration device. 
Based upon collected data, students work to improve their filtration design. 
http://edc.nasa.gov/challenge.html#lotl 
 
Mars Exploration 
Have your students take a look at images from Mars and then become detectives 
as they look for clues that indicate the past or present presence of water. 
http://mars.jpl.nasa.gov/follow/index.html 
 
Mars Global Surveyor 
Read more about recent images taken by the Mars Orbiter Camera on NASA's 
Mars Global Surveyor that suggest that water still flows in brief spurts on Mars. 
http://marsprogram.jpl.nasa.gov/mgs/newsroom/20061206b.html 
 
NASA’s Earth Observatory 
Learn more about NASA’s satellite missions that help us explore Earth and 
uncover new information about weather, the water cycle, and the presence of 
water on the planet. 
http://earthobservatory.nasa.gov 
 
Phoenix: The Search for Water 
Help your students learn about Phoenix, the new lander planned for the next 
mission to Mars. 
http://www.nasa.gov/missions/solarsystem/phoenix_water.html 
 
Designed for Grades 3–5 
The NASA SCI Files™ “The Case of the Wacky Water Cycle” 


Visit this site to understand that water is a limited resource and to demonstrate 
where usable water can be found on Earth. 
http://scifiles.larc.nasa.gov/docs/guides/Water_Cycle.pdf 
 
NASA KSNN™ “Why does ice float in my drink?” 


Have you ever wondered why ice floats but other solid materials don’t? Visit this 
site to learn about one of water’s essential properties. 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=Density# 
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Water Race Data Chart                                      Student Handout 


 
Predictions: 
Water will flow slowest through: _________________________________ 
Water will flow fastest through: __________________________________ 
The material that will hold the most water is _______________________ 


Materials in the soil that will dissolve might be __________________ 
 
Provide an explanation or rationale for your predictions:  
 


 


 


 


 


 
 


 
                 Water Race Data  
 


 
 
 
 
 
 
 
 
 
 
 


 
 


Material                    Trial 1                 Trial 2        Trial 3 
 


 


Sand 


 
Gravel 
 


 
Topsoil 
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Experimental Design Chart                                  Student Handout 


Question: “Can adding salt to water affect seed 
germination?” 
 


Hypothesis: What do you think will 
happen? 
 


Independent variable: What are you 
purposefully changing or varying? 
 


Dependent variable: What will change 
because of the independent variable? 
 


Control: What usually happens? 
 


Trials: How will you run more than one 
test? 
 


Constants: Make a list of all factors 
that must stay the same. 
 


Materials: What materials are needed? 
 


Procedure: What will you do? 
 


Observation and Data: Create a chart 
to record your observations and 
measurements. 
 


Analysis/Results: Give specific details 
about your observations and 
measurements. 
 


Conclusions: Examine your 
hypothesis and state whether it was 
accepted or rejected based on your 
results. Summarize your findings and 
explain what was learned. Generate 
further research questions. 
 


What do you wonder now?  
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NASA and Jamestown Follow the Water Chart         Student Handout 
 


JAMESTOWN


The Jamestown settlers were focused
on finding the best location for their 
new settlement. After their initial 
landing at what is now known as 
Settler’s Landing in Virginia Beach, 
Virginia, Captain Christopher Newport
led the three ships on a journey up 
the James River looking for a suitable 
location with the natural resources 
that the colonists would need to 
survive. The explorers traveled more 
than 200 kilometers (130 miles) up 
the river to what is present-day 
Richmond, Virginia, before turning 
around and returning to the site that 
would become Jamestown. 
 
The settlers chose Jamestown Island 
for their colony because they could 
easily navigate their small ships close 
to shore. They determined that the 
nearby swamps would enable them to
more easily defend their settlement. 
The settlers were amazed at the 
types of plants and trees and the 
natural beauty of the land. The river 
tasted sweet to them, so no thought 
was given to digging wells. 
 
Unfortunately, the settlers’ 
inexperience in this new environment 
led to disaster. The site the settlers 
chose for Jamestown is about 64 
kilometers (40 miles) from the 
Chesapeake Bay and only 92 
kilometers (57 miles) from the Atlantic 
Ocean. The lower part of the James 
River is actually an estuary, a place 
where saltwater transitions into 
freshwater. The water in the estuary 
was brackish, a mixture of freshwater 
and saltwater, and often became 


 NASA


The hunt for water continues to drive 
exploration today. If extended human 
settlement of the Moon and Mars is to 
take place, ways to find or produce 
water will be essential. On Mars, it is 
known that reservoirs of water ice exist 
in the form of polar caps and 
permafrost. On the Moon, some 
scientists believe that water ice may 
exist at the lunar poles in permanently 
shadowed areas. Because clues to the 
early history of the Moon and Mars may 
be locked in waters hidden beneath their 
surfaces, NASA is planning missions to 
these worlds to answer questions about 
the role water may have played in their 
formation. 
 
In 1996, the Clementine spacecraft 
collected data that indicated there might 
be ice in the bottom of a crater near the 
Moon’s south pole. This area is 
permanently in shadow and very cold. In 
1998, the Lunar Prospector probe 
gathered additional scientific data that 
supported the hypothesis of ice at the 
south pole and showed evidence that 
even more ice may be at the Moon’s 
north pole. Based upon that information, 
scientists estimate that more than 5 
trillion kilograms (about 6 billion tons) of 
water ice may be trapped near the 
Moon’s polar regions. An upcoming 
Lunar Reconnaissance Orbiter (LRO) 
mission will continue to investigate near-
surface water ice in the polar regions. 
 
In 2002, the Mars Odyssey spacecraft 
found evidence of large amounts of 
water ice buried in a thin layer of soil 
around the Martian poles. Scientists 
estimate that high concentrations of ice, 
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stagnant. The seasons also played 
an important role in the quality of the 
James River water. In early spring, 
melting mountain snows provided 
enough freshwater run-off to push the
brackish water back toward the 
ocean. Later, temperatures warmed 
and water evaporation increased. 
Drought conditions resulted in less 
freshwater run-off and saltier water 
once again moved up the river. By 
the summer months, the brackish 
water around Jamestown contained 
up to 5 times more salt than is safe to 
drink. 
 
Unfortunately for the settlers, they 
arrived at the onset of a severe 7-
year drought that began in 1606. 
Even the shallow wells that were dug 
during the second year of the 
settlement became contaminated as 
saltwater from the James River 
seeped into them when freshwater 
supplies dwindled. By May 1610, 
according to one settler’s account, 
only 60 of the nearly 500 settlers who 
had been at Jamestown were still 
alive. Some historians believe the 
startling number of deaths from 
disease in the early years may have 
been caused by the settlement’s 
placement along the James River. 
Eventually, as the settlers learned 
more about their new environment 
and as weather conditions improved, 
they were able to locate nearby 
freshwater sources and dig 
freshwater wells on Jamestown 
Island. 
 
Despite the initial hardships caused 
by the brackish water of the James 
River, the river proved to be an 
invaluable source of food for the 
settlers and an important part of their 


perhaps as much as 80 percent by 
volume, may be within half a meter of 
the surface. Permafrost on Mars is 
another place that may contain large 
amounts of frozen water. The Martian 
permafrost may be several kilometers 
thick. As much as half of this layer could 
be ice. 


Images taken in 2004 and 2005 by the 
Mars Orbiter Camera on NASA’s Mars 
Global Surveyor revealed bright new 
deposits seen in two gullies on Mars 
that suggest water might have carried 
sediment through them sometime during 
the past 7 years. If this proves to be 
signs of present-day water-related 
activity on Mars, it may lead to the 
discovery of aquifers or melting 
permafrost. 


These observations suggest that water 
still flows occasionally on the surface of 
Mars. The atmosphere of Mars is so thin 
and the temperature so cold that liquid 
water cannot persist at the surface. It 
would rapidly evaporate or freeze. 
Researchers propose that water could 
remain liquid long enough, after 
breaking out from an underground 
source, to carry debris downslope 
before totally freezing. The two fresh 
deposits are each several hundred 
meters long. 


The lighter color of the deposits could 
be from surface frost continuously 
replenished by ice within the body of the 
deposit. Another possibility is a salty 
crust, which would be a sign of water's 
effects in concentrating the salts. 


Since 2000, the Mars Global Surveyor 
has discovered tens of thousands of 
gullies on slopes inside craters and 
other depressions on Mars. To look for 
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lifeline back to England. 
 
Fish of many varieties, especially 
sturgeon, became a staple food 
supply for the settlers. Oysters, crabs, 
and other aquatic animals were also 
an essential part of the settlers’ diet. 
 
In addition to providing a food source, 
the James River was the settlers’ 
“interstate highway” for travel, 
exploration, and trade routes to the 
surrounding Powhatan Indian town 
sites. It was also part of the “water 
bridge” connecting Jamestown to 
England via the Chesapeake Bay and 
the Atlantic Ocean. Being the only 
avenue of communication between 
the settlers and England, this water 
route was vital for the eventual 
survival and expansion of the Virginia 
colony. 


changes that might indicate a present-
day flow of water, the camera team 
repeatedly imaged hundreds of the 
sites. More about images taken by the 
Mars Orbiter Camera may be learned by 
listening to a short podcast of an 
interview with Dr. Michael Malin, the 
principal investigator for the Mars 
Orbiter Camera on NASA’s Mars Global 
Surveyor, found at 
http://www.nasa.gov/multimedia/podcast
ing/jpl-mgs-20061206.html. 


NASA will continue to look for evidence 
of water during Moon and Mars 
missions, not only to search for clues 
about the past but in preparation for 
possible future lunar and Martian 
settlements. 
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FOLLOW THE WATER 
Exploration: Then and Now 
 


 


Grade Level: 6–8 


Connections to Curriculum: 
Science and Mathematics 


Teacher Preparation Time: 
60 Minutes 
Lesson Duration: 
Five 50-Minute Class Periods 


(See Pacing Chart for Options) 


National Science Education 
Standards 
Science as Inquiry 


Physical Science 


Life Science 


Earth and Space Science 


National Council of Teachers of 
Mathematics Standards 
Measurement 


Essential Questions 
Where is water found? 
Why is liquid water important for life? 


 
Lesson Overview 
This lesson investigates some of the 
physical properties of water and the 
importance of those properties for life on 
Earth. Students conduct experiments on 
osmosis, observing the effects that various 
amounts of salinity have on the transport of 
water into and out of cells. Students also 
explore water’s movement through different 
soils, learning about porosity and 
permeability. Students make observations 
about the availability and location of water 
on Earth, the Moon, and Mars. 
 
Background Information 
From ancient times, explorers have 
searched for, found, and then followed 
water. Early settlements, like Jamestown, 
were established near water because water 
is essential for survival. Nearby oceans, bays, and large rivers provided a 
“highway” for trade and travel. Ports were key points of entry for ships bringing 
people, goods, and news from home. Most importantly, however, early 
settlements needed a local source of freshwater. 


Water creates an environment that sustains and nurtures plants, animals, and 
humans. Earth is unique in its abundance of liquid water. About 70 percent of its 
surface is covered in water. Water is the mo t fundamental component of Earth’s 
environment and can be found in all three phases: solid, liquid, and gas. The 
water cycle describes the repetitive pathway of water molecules from Earth's 
surface to the atmosphere and back again. This system, powered by energy from 
the Sun, is a continuous exchange of moistu e between the oceans, the 
atmosphere, and the land. 
 
The search for water continues to drive expl ration today, even in space 
exploration beyond Earth. Water ice has bee  observed in the polar regions of 
Mars and makes up a large percentage of some of the moons of Jupiter and 
Saturn. Some scientists believe that water ic  may also exist at the poles of 
Mercury in permanently shadowed areas. According to initial scientific data 
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returned by NASA's Lunar Prospector, water ice may also exist at both the north 
and south poles of the Moon, again, in permanently shadowed areas. This ice 
may hold clues to the early history of the Moon and the impacting bodies that 
bombarded the Earth-Moon system billions of years ago. NASA is planning new 
missions that may help unlock these clues. 
 
On Earth, liquid water interacts with soil in predictable ways. Scientists think the 
same may be true elsewhere in the solar system. Tests that determine the soil’s 
acidity on a planet like Mars could indicate what gases formed and later modified 
the Martian atmosphere. Examination of lunar soil in the Moon’s polar regions 
during future missions could reveal much about the nature and extent of frozen 
water there. 
 
Besides being a passageway for transportation and helping to shape a planet’s 
environment, water is essential for transporting materials within the human body. 
The properties of liquid water allow the transport of gasses, nutrients, and 
hormones that support life as we know it. In many ways, liquid water is vital to life 
 
Instructional Objectives 
Students will: 


• observe and describe osmosis; 
• compare the porosity and permeability of several soil samples; 
• observe a soil’s water-holding capacity; 
• model water dissolving materials as it travels through soil samples; 
• make observations about the availability and location of water on Earth, 


the Moon, and Mars; 
• design an investigation to determine how varying amounts of salt in water 


affects seed germination; 
• identify the salinity of unknown solutions based upon observation; and 
• compare the differences in challenges faced by 17th-century and 21st-


century explorers. 


Materials 
Students will need journals and class charts in order to organize 
information throughout this lesson. 
 
Engage 
Per class: 


• Potato peeler  
Per group: 


• One potato 
• Paper plate 
• Freshwater 
• Saltwater (dissolve 3–4 tablespoons of salt in 100 milliliters tap water) 
• Eyedropper for each liquid 
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Explore 
Per class: 


• About 1 liter of sand 
• About 1 liter of gravel, any size that is available 
• About 1 liter of topsoil 
• About 10 tablespoons of rock salt 
• Three 2-quart packages of red, purple, or green powdered drink crystals 


Per group: 
• Two 500-milliliter plastic bottles (recycled soda or water bottles) 
• One 5-by-5-centimeter square piece of gauze or cheesecloth 
• Rubber band, any size 
• 250-milliliter graduated cylinder 
• Permanent marker 
• Stopwatch or watch with a second hand 
• Two water-collecting containers or beakers 


Per student: 
• “Water Race Data Chart” 


 
Explain 
Per student: 


• “NASA and Jamestown Follow the Water Chart” 
 
Extend 
Per group: 


• Presoaked seeds (lima beans or corn) 
• Plastic, sealable sandwich bags 
• Paper towels 
• Transparent tape 
• 100-milliliter graduated cylinders 
• Metric rulers 
• Other materials as requested by students based upon students designing 


the experiment 
• “Experimental Design Chart” 


 
Evaluate 
Per group: 


• Three samples of Elodea (common name, anacharis), freshwater plant 
found at pet stores in the aquarium section; lettuce may be used as a 
substitute if Elodea is unavailable 


• Three solutions marked “A,” “B,” “C” (freshwater, brackish water, 
saltwater) 


• Three eyedroppers 
• Compound microscope (at least 100x magnification) 
• Microscope slides 
• Cover slips 
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Vocabulary: 
adhesion: molecular attraction that holds the surfaces of two substances in 
contact (e.g., when water molecules are attracted to molecules of other 
substances) 
 
aquifer: rock or soil through which groundwater moves easily  
 
brackish water: water that is a mixture of freshwater and saltwater; contains 
less salt than seawater but more salt than freshwater 
 
capillary action: the ability of a substance to draw liquids upwards against the 
force of gravity 
 
cohesion: the property of a material to stick together (e.g., an attraction of one 
water molecule to another water molecule) 
 
electrolyte: any of the solutes (i.e., sodium, chloride, potassium) that help 
maintain hydration of the body as well as muscle and nerve function 
 
estuary: a coastal area or place where freshwater and saltwater mix, such as a 
bay, salt marsh, or where rivers enter an ocean 
 
groundwater: water that flows or seeps downward and saturates soil or rock, 
feeding springs and wells; water stored underground in rock crevices and in the 
pores of geologic materials that make up Earth's crust 
 
isthmus: a narrow strip of land separating two bodies of water and connecting 
two larger land masses 
 
osmosis: the movement or transport of water molecules across cell membranes 
due to differences in solute concentration between the inside and outside of the 
cells 
 
peninsula: a narrow neck of land projecting into a body of water, surrounded by 
water on three sides 
 
permeability: a material’s ability to allow liquid (e.g., water) or gas to flow or 
pass through it  
 
porosity: percent of a material’s total volume that is not occupied by solid 
particles (e.g., pore space) 
 
semipermeable: partially but not wholly permeable (e.g., allows passage of 
some but not all materials) 
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solute: a material that dissolves in another substance, usually a liquid, forming a 
solution 
 
solvent: a substance that dissolves other substances, forming a solution; water 
dissolves more substances than any solvent and is known as the “universal 
solvent” 
 
universal solvent: water dissolves more substances than any solvent and, as 
such, has been called the “universal solvent” 
 
Suggested Pacing  
 Engage Explore Explain Extend Evaluate Total


50-
minute 
class 


periods 


 
 ½ class 
period 


 
1 class 
period 


 
½ class 
period 


 
2 class 
periods 


(optional)


 
1 class 
period 


 
5 class 
periods 


 


 
Instructional Procedure 
Teaching Suggestion: Prior to beginning this lesson, create a chart that will be 
displayed throughout the lesson to help organize student learning. Ask the 
students to create similar charts in their journals. The charts may be formatted as 
follows, but must be large enough to organize information. 
 
 EARTH MOON MARS
Where is water 
found? 


   


Why is liquid 
water important 
for life? 


   


 


 
Engage 
Finding freshwater is essential for choosing a location for settlement. In 1607, the 
Jamestown settlers focused on finding a suitable site, complete with freshwater, 
for their new home. The spot they chose was a peninsula, connected to the 
mainland by a narrow isthmus and protected on three sides by the James River, 
the Back River, and Sandy Bay. The river water appeared to be fresh when the 
settlers first arrived in the spring. However, the settlers did not realize that the 
lower part of the James River is actually an estuary, a place where saltwater 
transitions into freshwater thereby creating brackish water.  
 
During the dry summer months, the Jamestown settlers experienced drastic 
changes in the salinity of the surrounding water. The brackish water became 
saltier due to warmer temperatures and less rainfall. These seasonal changes, 
compounded by a serious drought, resulted in little freshwater for the early 
Jamestown settlers. At times, the water contained 5 times more salt than is safe 
to drink. 
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What happens when people drink saltwater or put too much salt into their 
body? 
 
Taking in a certain amount of salt (sodium chloride) is essential for maintaining 
good health. One reason for this is that salt helps to maintain the electrolyte 
balance inside and outside of cells. Cells are surrounded and protected by a 
structure called a cell membrane that helps regulate materials traveling into and 
out of the cell. This membrane is semipermeable, meaning that some but not all 
materials may move through it. Water easily travels through this membrane, but 
not all solutes dissolved in the water can pass through the membrane. Salt, for 
example, cannot travel through the cell membrane. 
 
If the environment surrounding the cell becomes too salty or not salty enough, 
the amount of water stored in the cell may change. If cells are in very salty water, 
water molecules leave the cell through the membrane. If cells are in water 
without salt, water molecules move into the cells, increasing the volume of the 
cells. In either case, the health of the cells may be in jeopardy. 
 
Drinking saltwater would result in water leaving, or dehydrating, the cells. This 
would drastically shift the location of water in the body, resulting in an imbalance 
of electrolytes within the body. This could result in a heart attack, increased fluid 
in the respiratory tract, changes in blood pressure, and seizures. 
 
The movement or transport of water molecules across membranes is called 
osmosis. Molecules of water tend to move toward the environment that has the 
most dissolved material or the least amount of water. 
 
The result of osmosis can be seen in the following activity. Students are asked to 
be careful observers and to make inferences about what they observe. PLEASE 
DO NOT give students any background information about osmosis before 
doing this activity. 
 
1. For each group of students, you need to cut a potato in half. To make a flat, 
stable base for each half, cut the rounded ends (bottom) off each potato. Put the 
potato halves on a paper plate. Use a potato peeler to bore out a hole 2–3 
centimeters across and 3–4 centimeters deep on the flat, cut surface of each 
half. Be careful NOT to bore completely through the potato. See Diagram 1. 
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                     Diagram 1 


      
      


 
 
 
 
 
                                              
                                              
 
2. Ask each group to use an eyedropper to carefully fill the hole in one potato 
with freshwater. Demonstrate how to fill the hole to make the water level with the 
top of the potato. Label this potato “A.” See Diagram 2. 
 
 


              Diagram 2    


 
 
 
 
 
                                    
 
3. Ask each group to fill the hole in the other potato with saltwater. Label this 
potato “B.” 
4. Ask students to make drawings of each set-up in their journals and to predict 
what they expect to see in 10 minutes. 
5. After 10 minutes, ask students to record their observations. 
6. Discuss the following questions as a class. 


• Describe the differences that you see between the two potatoes. Don’t 
limit your descriptions to just the hole filled with water. (The hole with the 
freshwater seems to lose water as water is carried into the potato’s cells. 
The hole with the saltwater fills and overflows. Water from the potato cells 
is transported out of the potato.) 


• What do you think caused the movement of the water? (Water moving 
across the cell membrane due to differences in solute concentration 
between the inside and outside of the cell is called osmosis. The cell 
membrane is a semipermeable membrane that allows water to move 
through it. Salts and some other dissolved substances cannot travel 
through the membrane.) 


• For the potato with the freshwater, where do you think the water has 
traveled? (The water has moved from the hole into the potato’s cells.) 


• For the potato with the saltwater, what is the source of the extra water? 
(The water is moving out of the potato’s cells.) 


• Compare your cells with the potato cells. How are they alike and different? 
(Both the plant cells and human cells [animal cells] have semipermeable 
cell membranes. Plant cells also have a cell wall that makes the cells 
more rigid.) 


• How does this experiment model what happened to the Jamestown 
settlers when they drank brackish water with high levels of salt? (In a 
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simple way, the potato and the saltwater demonstrate what happened to 
the Jamestown settlers when they drank salty water. Just as water travels 
from the potato cells into the salty water, water in the cells of the 
Jamestown settlers traveled out of the cells, dehydrating the cells. For the 
Jamestown settlers, this shifted the location of water in their bodies, 
resulting in an imbalance of electrolytes within the body. Many settlers 
died as a direct result of drinking the saltwater.) 


7. Ask students to add any information to the class/student charts created at the 
beginning of this study to help answer the question, “Why is liquid water 
important for life?” 
 
Explore 
From space, Earth has been described as a “blue marble.” It looks like the watery 
planet that it is. Liquid water is a vital substance that sets Earth apart from the 
rest of the planets. Without water, plants, animals, and people would die. 
Although water covers approximately 70 percent of Earth’s surface, usable water 
is not as abundant as one might think. 
 
Based upon statistics from the U.S. Geological Survey, about 97 percent of 
Earth’s water is saltwater, resulting in only about 3 percent freshwater on Earth. 
When you take a close look at Earth’s freshwater, about 69 percent of the 
freshwater is locked up in glaciers and icecaps and about 30 percent of Earth’s 
freshwater is stored in groundwater, which leaves less than 1 percent found as 
easily accessible surface water. 
 
Groundwater is the largest single source of freshwater available for human use. It 
fills pores or open spaces in soils and rocks, creating aquifers. An aquifer may be 
a layer of gravel or sand, a layer of sandstone or other rock, or some other 
material with holes or pores that can store water underground. 
 
A soil’s texture helps determine how much water the soil can hold, or the soil’s 
water-holding capacity. Based upon the relative proportions of different-sized 
particles, soil texture can be classified as sand, silt, and clay, with sand being the 
largest particles and clay the smallest. When soil is a combination of all three 
textures, it is referred to as a loam, a more complicated soil textural class. The 
soil at Jamestown is sandy loam, a mixture of more than 50 percent sand with 
varying amounts of clay and silt.  
 
Sandy soil has larger pores and a low water-holding capacity, allowing water to 
drain more quickly than clay and silt soils. The sandy loam proved to be a 
problem for the Jamestown settlers, since a soil’s water-holding capacity is a 
measure of how much water might be stored for plants or human use.  
 
A soil’s porosity describes the amount of open space, or pores, in the soil. A 
soil’s permeability measures how water flows through the soil. The porosity and 
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permeability of the soil, coupled with gravity, affects how much water is stored as 
groundwater. 


Water is the only chemical compound naturally found on Earth’s surface in all 
three physical states—as a solid, liquid, and gas. Liquid water is called the 
”universal solvent,” as it can dissolve more materials than any other liquid. 


Liquid water, like rain, dissolves some carbon dioxide and other gases as it falls 
through the atmosphere. Although people may think rainwater is freshwater, 
carbon dioxide mixed with water sometimes creates a mild carbonic acid. 
Rainwater may weather and erode rock, dissolving some materials such as salts 
and other minerals. 


When water travels through sand, soil, and gravel, it dissolves some of the 
substances in those materials. Salt is one material easily dissolved as water 
travels through soil and earth materials. This is one reason that the majority of 
water on Earth is salty. 


When ocean water evaporates or sea ice is formed, the salinity of the ocean 
increases. Water vapor and ice are basically salt-free. An increase in salinity is 
counterbalanced by the addition of freshwater from rivers, rain and snow, and 
melting ice. 


This activity challenges students to observe the movement of water as it “races” 
through different soil samples. They will look for evidence that water has 
dissolved materials and will gain a better understanding of how water is stored as 
groundwater. 
 
1. Before beginning this experiment: 


• Gather two 500-milliliter (16.9-fluid-ounce) plastic bottles for each group. 
For consistency, use the same style of bottle for all groups. Cut off the 
base of one bottle to make the container for the soil column. Cut the top 
off of the spout of the other bottle to make the water collector. 


      See Diagram 1. 
 


       
     Soil column 


                  Water collector 
                                   Diagram 1                                         


 


 
 


     
              
 
 
 
                   
                   
                   


• Gather three different soil samples: sand, gravel, and topsoil. You will 
need enough of each soil sample to make two soil-test columns. See 
Diagram 2. 
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            Sand                                Gravel                              Topsoil 


                                                  Diagram 2 


 


 


 
 
 
 
 
 
 
                     
 
                          
 
2. Show the students how to place a piece of gauze or cheesecloth over the 
spout of the bottle, securing the cloth with a rubber band. 
3. Ask students to use a graduated cylinder to measure 50 milliliters of water and 
how to pour the water into the collecting bottle. Demonstrate how to mark the 
water level of the 50 milliliters of water on the outside of the bottle. 
4. Once the water level is marked, ask students to empty the water out of the 
bottle. Students will use this line for the finish line of the 
water race. 
5. Give each group a small sample of each soil. Ask 
students to create their own chart to make and record 
observations about the sand, gravel, and topsoil. 
Explain that the sand sample is most like the soil found 
at Jamestown. 
6. Ask students to make the following predictions: 


• Which material do you think will allow water to 
pass through the quickest and which will be the 
slowest? 


• Which material will “hold” the most water? 
• Which materials might dissolve in the water? 


7. Each group will “race” water through one soil sample. 
Arrange for each sample to be tested by two different  
groups. For example, if you are working with six groups, two groups will test 
sand, two groups will test gravel, and two groups will test topsoil. 


 
 


Water Race Data Chart 


8. Demonstrate how to fill the soil column with about 16 centimeters of the soil 
sample. Measure from the mouth of the bottle. Discuss the importance of 
accurately measuring the soil column and the need for each group to be 
consistent with this measurement. 
9. Help students fill their group’s soil column and support the soil column in the 
water-collecting bottle. 
10. Ask students to measure 250 milliliters of water using a graduated cylinder. 
11. Once all groups are ready for the race, ask students to record their 
predictions for how long they think it will take 50 milliliters of the 250 milliliters of 
water to travel through the soil column. 
12. Each group should have a student timer to start the “race” and should stop 
timing when 50 milliliters of water has been collected in the water-collecting 
bottle. 
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13. Have students continue to collect water until no more water passes through 
the column. 
14. Ask students to make the following observations about the water: 


• How much water traveled through the soil sample? (Answers will vary, but 
more water will travel through the material that has the greater 
permeability. Permeability is a measure of how water flows through the 
pores in a material.) 


• What happened to the water that was not collected in the water-collecting 
bottle? (Water is stored in pores within the soil. This is how groundwater is 
stored. About 30 percent of Earth’s freshwater is stored as groundwater.) 


• Describe the water that has been collected. What materials did the water 
pick up as it traveled through the sample? (Depending on the soil sample, 
the collected water may be muddy or cloudy. Materials in the soil may 
have been dissolved by the water. The water may also have picked up 
and carried small soil particles as it traveled through the sample.) 


• How could you test to find out if the water picked up materials that you 
cannot see? (Water is the universal solvent, which means that it dissolves 
many materials. Materials from the soil that cannot be seen have probably 
dissolved in the water. It may be possible to recover these materials by 
evaporating the water. Dissolved materials are left behind when water 
evaporates.) 


• Which soil sample “won the race?” What comparisons can you make 
about the texture of the soil sample that allowed water to pass through the 
quickest? (Water will travel more quickly through the sample with the 
largest and greatest number of pores. In most instances, the gravel allows 
the water to pass through the quickest. The gravel usually has the 
greatest porosity and most permeability because it has the most pores. 
The pores are connected to allow water to flow through them.) 


15. As a class, make comparisons between the three soil samples by comparing 
the data. 
16. Ask students to collect and label the water from the water-collecting bottle. 
They will compare this first sample to the sample collected in the next trial. 
17. Ask students to measure another 250 milliliters of water to run this race again 
and repeat the experiment. 
18. The soil column now contains some stored water. Use these questions to 
help guide the discussion of how this might affect the second race. 


• Do you expect the same material to allow water to pass through the 
quickest and the slowest? How do you think stored groundwater will affect 
the speed that the water travels through the soil?  


• Will the same material “hold” the most water if it already contains some 
stored groundwater? 


19. Run the race again. Compare the results of the second trial to the first trial.  
20. Ask students what they think might happen if water was poured into soil that 
was already saturated with groundwater. Ask students how they might test their 
predictions.  
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21. Ask students to compare the second sample of collected water to the first 
sample. Is there any difference in the clarity of the two samples? (In some 
instances, the second sample will look cleaner than the first sample. Materials 
that easily dissolve or are carried by the water may have been carried by the first 
sample of water.) 
22. Cover the top of half of the soil columns with 2–3 tablespoons of rock salt. 
23. Cover the top of the other half of the soil columns with one package of purple, 
green, or red powdered drink crystals. Choose a color that will be the most 
obvious once it dissolves and travels through the column of soil. 
24. Ask students to predict what will happen when another 250 milliliters of water 
is poured through the soil column. Discuss the reasons for their predictions and 
what evidence they expect to see to support their predictions. (The water will 
dissolve the salt and powdered drink crystals. As the dissolved material travels 
through the soil, some of the water carrying the dissolved material will be stored 
as groundwater. Some of the water carrying the dissolved material will travel 
through the soil. Dissolved salt in water will not be visible. Dissolved drink 
crystals will color the water.) 
25. Compare what the students observe to their predictions. Ask students what 
they might do to “prove” that salt was dissolved in the water and carried through 
the soil sample? (Students may suggest evaporating the collected water to 
retrieve the salt.) 
26. Discuss these questions with the students: 


• How does this last trial compare to what happens in the “real world”? 
(When water travels through sand, soil, and gravel, it dissolves some of 
the substances in those materials. Salt is one material easily dissolved as 
water travels through soil and earth materials. This is one reason that the 
majority of water on Earth is salty.) 


• What impact might salting icy roads have on the surrounding 
environment? (As observed in this lesson, salt is easily dissolved in water. 
Dissolved salt in water may be stored as groundwater and mix with 
freshwater supplies.) 


• Why is it important to follow directions regarding quantity when applying 
fertilizers to plants? (Many fertilizers are easily dissolved in water. 
Fertilizers dissolved in water may be stored as groundwater or travel 
through groundwater to sources of fresh surface water.) 


27. Ask students to add any information to the class/student charts created at the 
beginning of this study to help answer the question, “Where is water found?” 
 
Teaching Suggestion: Connect this lesson to NASA’s hunt for water beyond 
Earth. Water ice has been observed in the polar regions of Mars and makes up a 
large percentage of some of the moons of Jupiter and Saturn. Some scientists 
believe that water ice may also exist at the poles of Mercury and the Moon in 
permanently shadowed areas. 
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In 2002, the Mars Odyssey spacecraft found evidence of large amounts of water 
ice buried in a thin layer of soil around the Martian poles. Scientists estimate that 
high concentrations of ice, perhaps as much as 80 percent by volume, may be 
within half a meter of the surface. Permafrost on Mars is another place that may 
contain large amounts of frozen water. The Martian permafrost may be several 
kilometers thick and as much as half of this layer could be water ice. 
 
Freeze some of the soil samples to create dirt/water icicles. Ask students to 
investigate the water content of frozen soil samples by examining the frozen 
samples. Based upon their observations, ask students to identify which sample 
may be most like the frozen ice scientists expect to find near the north pole of 
Mars. 
 
You may want to show the 60-second NASA KSNN™ (Kids Science News 
Network) video, “Where can NASA find water on Mars?” found at 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=phoenix. You will also find an 
expanded version of this activity and more explanations about water on Mars on 
this site. 
 
Explain 
Exploration is often guided by searching for and following water. Early 
settlements, like Jamestown, were established near water because water is 
essential for survival. 
 


 


NASA and Jamestown 
Follow the Water Chart


The search for water continues to drive exploration 
today, even in space exploration beyond Earth. 
Water ice has been observed in the polar regions of 
Mars and makes up a large percentage of some of 
the moons of Jupiter and Saturn. Some scientists 
believe that water ice may also exist at the poles of 
Mercury and the Moon in permanently shadowed 
areas.  
 
1. Ask students to read the “NASA and Jamestown 
Follow the Water Chart” to find out more about why 
water is important to settlement and how water has 
long influenced exploration. 
2. Discuss key ideas from the reading. 
3. Help students add any information to the  
class/student charts created at the beginning of this 
study to help answer the questions, “Where is water found?” 
and “Why is liquid water important for life?” 
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Extend 
The Engage, Explore, and Explain activities look at some of the reasons water 
is important for life. The demonstrated water processes deal with liquid water. As 
observed in the Engage activity, liquid water transports or carries some materials 
into and out of cells. Liquid water dissolves some substances as it travels 
through different soil samples, as demonstrated in the Explore activity. Human’s 
need for freshwater was discussed in the Explain reading. 
 
This activity challenges students to design and implement an experiment to 
discover how seed germination is affected by varying amounts of salt in water. 
One important food for the early Jamestown settlers was corn. Scientists are 
studying which plants to grow in a spacecraft for long-duration missions in space. 
Researchers believe that some of the best plants for a long mission are soy, 
peanuts, potatoes, tomatoes, beans, green leafy vegetables, and wheat. 
 
Seed germination and crop growth were affected as the water source for the 
Jamestown settlers became saltier. At first, the Jamestown settlers thought the 
water in their new home was fresh and sweet tasting. But the brackish water 
became saltier and saltier as seasonal temperatures became warmer and there 
was less rainfall. 
 
How much salt is usually found in brackish and ocean water? 
 
The amount of salt or salinity in saltwater is measured by looking at the 
concentration of salt in the water. This is usually described by comparing the 
amount of salt in 1,000 grams of water. One gram of salt in 999 grams of water 
would have the salinity of 1 part per thousand, or 1 ppt. 
 
Freshwater is usually less than 0.5 ppt. Water with salinity ranging from 0.5 ppt 
and 17 ppt is called brackish. Estuaries, places where fresh river water merges 
with the ocean water, are examples of brackish water. 
 
The average salinity of ocean water is 35 ppt. This 
amount may vary between 32 and 37 ppt, affected by 
rainfall, evaporation, river runoff, ice formation, and 
climate. By this measurement, ocean water is about 3.5 
percent salt. About 90 percent of this is sodium 
chloride, or table salt. The other dissolved salts include: 
magnesium, sulfur, calcium, and potassium. 


 
Experimental Design 


Chart 


 
1. Challenge the students to work as teams to design 
an experiment to answer this question, “Can adding salt 
to water affect seed germination?” 
2. Use the experimental design chart and these 
questions to help students develop this experiment: 
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• What might be the independent variable for this experiment? (The amount 
of salt in the water.) 


• What is the dependent variable for this experiment? (Seed germination) 
• What is the control for this experiment? (Water without salt. This might be 


distilled water.) 
• How can you simulate fresh, brackish, and ocean water? (Freshwater is 


usually less than 0.5 ppt. Water with salinity ranging from 0.5 ppt and 17 
ppt is called brackish. The average salinity of ocean water is 35 ppt. This 
amount may vary between 32 and 37 ppt. Students can mix these 
solutions in 2-liter bottles. For example, ocean water [35 ppt] can be 
created by mixing 35 grams of salt with 965 grams of distilled water. One 
gram of water equals 1 milliliter of water, so you will mix 35 grams of salt 
with 965 milliliters of distilled water.) 


• How can the class work together to gather more data? (Students may 
work as teams, with each team setting up one control test and one or two 
experimental tests.) 


• How can the class work together to double check each group’s results? 
(Experimental tests may be assigned to more than one team so that each 
test solution is assessed more than once.) 


• What materials are available for this experiment? (Review available 
materials with the class. You may want to pre-soak seeds for the students 
to speed up the germination. Dried lima beans from the grocery store work 
well. Corn seeds could be used to draw a connection to the Jamestown 
settlers, but seed corn needs to be purchased from gardening or feed 
stores.) 


• How will you design your experiment so that you can easily observe 
germination? (You may allow your students to design this experiment, 
making it an open inquiry. Or, you may want to make this a guided inquiry 
and offer suggestions for ways to design this experiment. One protocol for 
experimental design would be for students to use sealable plastic 
sandwich bags and paper towels as the germinating bags. A paper towel, 
when folded into quarters, fits inside the plastic bag. Transparent tape 
holds the seeds across the middle of the paper towel. Students pour water 
into the bag to create a pool of liquid about 1 centimeter deep along the 
bottom of the bag. The edge of the paper towel should hang into the water 
solution. The plastic bags can be taped to a window or hung on a line 
along a window. See Diagram 1. 
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Diagram 1 


The water will travel through the paper towel through capillary action. If 
students have not observed capillary action before, this gives them a 
chance to see how water climbs up the paper towel against the downward 
pull of gravity. In nature, capillary action helps water travel to the highest 
branches and leaves in a tree. Two properties of water, its cohesion and 
adhesion, work together in capillary action. Adhesion describes water’s 
attraction to other materials. Water moves through some small-diameter 
tubes due to its attraction to the molecules that make up those tubes. 
Cohesion describes a water molecule’s attraction to other water 
molecules. Water molecules pull each other along through the narrow 
tubes in the paper towel.  


As a class, students will decide which group will test brackish or salt 
water. Each group should set up a second germinating bag using 
freshwater as a control. Four to 5 seeds should be placed inside each 
bag. 


Students should make daily qualitative [describing changes in the seed] 
and quantitative [measuring the roots] observations.) 


• How will you organize and sort data? Be sure to include both words and 
pictures to record what you observe. (A variety of data charts could be 
developed.) 


3. Help students analyze their data and draw conclusions from this experiment. 
These questions may help guide this discussion: 


• Which liquid would you choose for the best germination? 
• What might you infer from this experiment about the effect salting icy 


roads may have on the environment? 
• How does this experiment depict some of the experiences of the early 


Jamestown settlers? 
• What does this experiment reveal about the importance of freshwater for 


life and future explorations? 
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Evaluate 
Choose one or more of the following activities to assess student understanding. 
1. Evaluate the students’ charts. Look for an increase in understanding of where 
water can be found and why liquid water is important for life. 
2. Evaluate the student-designed experiments from the Extend section that 
answer the question, “Can adding salt to water affect seed germination?” 
3. Ask students to work in groups to solve the mystery of the “Case of the Salty 
Water.” 


• Give each group 3 small samples of Elodea. Elodea is a green freshwater 
plant. If Elodea is unavailable, you may substitute lettuce. 


• Give each group 3 “unknown” solutions marked “A,” “B,” and “C.” One 
solution is actually freshwater, one solution is brackish water, and one 
solution is saltwater. 


• Give students access to microscopes, microscope slides, cover slips, and 
eyedroppers. 


• Challenge the students to use these materials to make a “case” for which 
solution is freshwater, which is brackish, and which is saltwater. 


• Students should be able to apply what they have learned about osmosis to 
solve this mystery. When placed in saltwater, the water inside the Elodea 
cells will move out of the cell. This loss of water will cause the cells to 
shrink and become limp. Under the microscope, students will see the 
cytoplasm shrink and pull away from the cell wall. 


4. Ask students to write a paragraph to respond to one of the following journal 
prompts. 
 
Journal Prompt 1: Where is water found? Organize your writing by thinking 
about answers to these questions: 


• Where is water found on Earth? 
• Where is water stored on Earth? 
• Where has evidence of water been found in the solar system? 
• What role does finding water play in past, present, and future 


exploration? 
 
Journal Prompt 2: Why is liquid water important for life? Organize your writing 
by thinking about answers to these questions: 


• How does water transport or carry materials? 
• What can liquid water do that cannot be done by water as a solid or 


gas? 
• Why was liquid water important for the Jamestown settlers? 
• Why does NASA search for water on the Moon and Mars? 
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Additional NASA Resources 
Sections of this lesson were adapted from existing NASA educational products. 
These additional NASA resources may extend student understanding about 
where water can be found and why liquid water is important for life. 
 
Living Off the Land: Water Filtration Challenge 
Students learn about the importance of an Environmental Control and Life 
Support System (ECLSS) through this Engineering Design Challenge. They 
design, build, test, and measure the performance of a water filtration device. 
Based upon collected data, students work to improve their filtration design. 
http://edc.nasa.gov/challenge.html#lotl 
 
Mars Exploration 
Have your students take a look at images from Mars and then become detectives 
as they look for clues that indicate the past or present presence of water. 
http://mars.jpl.nasa.gov/follow/index.html 
 
Mars Global Surveyor 
Read more about recent images taken by the Mars Orbiter Camera on NASA's 
Mars Global Surveyor that suggest that water still flows in brief spurts on Mars. 
http://marsprogram.jpl.nasa.gov/mgs/newsroom/20061206b.html 
 
NASA’s Earth Observatory 
Learn more about NASA’s satellite missions that help us explore Earth and 
uncover new information about weather, the water cycle, and the presence of 
water on the planet. 
http://earthobservatory.nasa.gov 
 
Phoenix: The Search for Water 
Help your students learn about Phoenix, the new lander planned for the next 
mission to Mars. 
http://www.nasa.gov/missions/solarsystem/phoenix_water.html 
 
Designed for Grades 3–5 
The NASA SCI Files™ “The Case of the Wacky Water Cycle” 


Visit this site to understand that water is a limited resource and to demonstrate 
where usable water can be found on Earth. 
http://scifiles.larc.nasa.gov/docs/guides/Water_Cycle.pdf 
 
NASA KSNN™ “Why does ice float in my drink?” 


Have you ever wondered why ice floats but other solid materials don’t? Visit this 
site to learn about one of water’s essential properties. 
http://ksnn.larc.nasa.gov/webtext.cfm?unit=Density# 
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Water Race Data Chart                                      Student Handout 


 
Predictions: 
Water will flow slowest through: _________________________________ 
Water will flow fastest through: __________________________________ 
The material that will hold the most water is _______________________ 


Materials in the soil that will dissolve might be __________________ 
 
Provide an explanation or rationale for your predictions:  
 


 


 


 


 


 
 


 
                 Water Race Data  
 


 
 
 
 
 
 
 
 
 
 
 


 
 


Material                    Trial 1                 Trial 2        Trial 3 
 


 


Sand 


 
Gravel 
 


 
Topsoil 
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Experimental Design Chart                                  Student Handout 


Question: “Can adding salt to water affect seed 
germination?” 
 


Hypothesis: What do you think will 
happen? 
 


Independent variable: What are you 
purposefully changing or varying? 
 


Dependent variable: What will change 
because of the independent variable? 
 


Control: What usually happens? 
 


Trials: How will you run more than one 
test? 
 


Constants: Make a list of all factors 
that must stay the same. 
 


Materials: What materials are needed? 
 


Procedure: What will you do? 
 


Observation and Data: Create a chart 
to record your observations and 
measurements. 
 


Analysis/Results: Give specific details 
about your observations and 
measurements. 
 


Conclusions: Examine your 
hypothesis and state whether it was 
accepted or rejected based on your 
results. Summarize your findings and 
explain what was learned. Generate 
further research questions. 
 


What do you wonder now?  
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NASA and Jamestown Follow the Water Chart         Student Handout 
 


JAMESTOWN


The Jamestown settlers were focused
on finding the best location for their 
new settlement. After their initial 
landing at what is now known as 
Settler’s Landing in Virginia Beach, 
Virginia, Captain Christopher Newport
led the three ships on a journey up 
the James River looking for a suitable 
location with the natural resources 
that the colonists would need to 
survive. The explorers traveled more 
than 200 kilometers (130 miles) up 
the river to what is present-day 
Richmond, Virginia, before turning 
around and returning to the site that 
would become Jamestown. 
 
The settlers chose Jamestown Island 
for their colony because they could 
easily navigate their small ships close 
to shore. They determined that the 
nearby swamps would enable them to
more easily defend their settlement. 
The settlers were amazed at the 
types of plants and trees and the 
natural beauty of the land. The river 
tasted sweet to them, so no thought 
was given to digging wells. 
 
Unfortunately, the settlers’ 
inexperience in this new environment 
led to disaster. The site the settlers 
chose for Jamestown is about 64 
kilometers (40 miles) from the 
Chesapeake Bay and only 92 
kilometers (57 miles) from the Atlantic 
Ocean. The lower part of the James 
River is actually an estuary, a place 
where saltwater transitions into 
freshwater. The water in the estuary 
was brackish, a mixture of freshwater 
and saltwater, and often became 


 NASA


The hunt for water continues to drive 
exploration today. If extended human 
settlement of the Moon and Mars is to 
take place, ways to find or produce 
water will be essential. On Mars, it is 
known that reservoirs of water ice exist 
in the form of polar caps and 
permafrost. On the Moon, some 
scientists believe that water ice may 
exist at the lunar poles in permanently 
shadowed areas. Because clues to the 
early history of the Moon and Mars may 
be locked in waters hidden beneath their 
surfaces, NASA is planning missions to 
these worlds to answer questions about 
the role water may have played in their 
formation. 
 
In 1996, the Clementine spacecraft 
collected data that indicated there might 
be ice in the bottom of a crater near the 
Moon’s south pole. This area is 
permanently in shadow and very cold. In 
1998, the Lunar Prospector probe 
gathered additional scientific data that 
supported the hypothesis of ice at the 
south pole and showed evidence that 
even more ice may be at the Moon’s 
north pole. Based upon that information, 
scientists estimate that more than 5 
trillion kilograms (about 6 billion tons) of 
water ice may be trapped near the 
Moon’s polar regions. An upcoming 
Lunar Reconnaissance Orbiter (LRO) 
mission will continue to investigate near-
surface water ice in the polar regions. 
 
In 2002, the Mars Odyssey spacecraft 
found evidence of large amounts of 
water ice buried in a thin layer of soil 
around the Martian poles. Scientists 
estimate that high concentrations of ice, 
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stagnant. The seasons also played 
an important role in the quality of the 
James River water. In early spring, 
melting mountain snows provided 
enough freshwater run-off to push the
brackish water back toward the 
ocean. Later, temperatures warmed 
and water evaporation increased. 
Drought conditions resulted in less 
freshwater run-off and saltier water 
once again moved up the river. By 
the summer months, the brackish 
water around Jamestown contained 
up to 5 times more salt than is safe to 
drink. 
 
Unfortunately for the settlers, they 
arrived at the onset of a severe 7-
year drought that began in 1606. 
Even the shallow wells that were dug 
during the second year of the 
settlement became contaminated as 
saltwater from the James River 
seeped into them when freshwater 
supplies dwindled. By May 1610, 
according to one settler’s account, 
only 60 of the nearly 500 settlers who 
had been at Jamestown were still 
alive. Some historians believe the 
startling number of deaths from 
disease in the early years may have 
been caused by the settlement’s 
placement along the James River. 
Eventually, as the settlers learned 
more about their new environment 
and as weather conditions improved, 
they were able to locate nearby 
freshwater sources and dig 
freshwater wells on Jamestown 
Island. 
 
Despite the initial hardships caused 
by the brackish water of the James 
River, the river proved to be an 
invaluable source of food for the 
settlers and an important part of their 


perhaps as much as 80 percent by 
volume, may be within half a meter of 
the surface. Permafrost on Mars is 
another place that may contain large 
amounts of frozen water. The Martian 
permafrost may be several kilometers 
thick. As much as half of this layer could 
be ice. 


Images taken in 2004 and 2005 by the 
Mars Orbiter Camera on NASA’s Mars 
Global Surveyor revealed bright new 
deposits seen in two gullies on Mars 
that suggest water might have carried 
sediment through them sometime during 
the past 7 years. If this proves to be 
signs of present-day water-related 
activity on Mars, it may lead to the 
discovery of aquifers or melting 
permafrost. 


These observations suggest that water 
still flows occasionally on the surface of 
Mars. The atmosphere of Mars is so thin 
and the temperature so cold that liquid 
water cannot persist at the surface. It 
would rapidly evaporate or freeze. 
Researchers propose that water could 
remain liquid long enough, after 
breaking out from an underground 
source, to carry debris downslope 
before totally freezing. The two fresh 
deposits are each several hundred 
meters long. 


The lighter color of the deposits could 
be from surface frost continuously 
replenished by ice within the body of the 
deposit. Another possibility is a salty 
crust, which would be a sign of water's 
effects in concentrating the salts. 


Since 2000, the Mars Global Surveyor 
has discovered tens of thousands of 
gullies on slopes inside craters and 
other depressions on Mars. To look for 
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lifeline back to England. 
 
Fish of many varieties, especially 
sturgeon, became a staple food 
supply for the settlers. Oysters, crabs, 
and other aquatic animals were also 
an essential part of the settlers’ diet. 
 
In addition to providing a food source, 
the James River was the settlers’ 
“interstate highway” for travel, 
exploration, and trade routes to the 
surrounding Powhatan Indian town 
sites. It was also part of the “water 
bridge” connecting Jamestown to 
England via the Chesapeake Bay and 
the Atlantic Ocean. Being the only 
avenue of communication between 
the settlers and England, this water 
route was vital for the eventual 
survival and expansion of the Virginia 
colony. 


changes that might indicate a present-
day flow of water, the camera team 
repeatedly imaged hundreds of the 
sites. More about images taken by the 
Mars Orbiter Camera may be learned by 
listening to a short podcast of an 
interview with Dr. Michael Malin, the 
principal investigator for the Mars 
Orbiter Camera on NASA’s Mars Global 
Surveyor, found at 
http://www.nasa.gov/multimedia/podcast
ing/jpl-mgs-20061206.html. 


NASA will continue to look for evidence 
of water during Moon and Mars 
missions, not only to search for clues 
about the past but in preparation for 
possible future lunar and Martian 
settlements. 
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