Train Like an Astronaut:
Adapted Physical Activity Strategies
Agility Astro-Course
YOUR MISSION
You will complete an agility course as quickly and as accurately as possible to
improve agility, coordination and speed. After you have completed the Astro-Course
and recorded your times, you will comment on your agility during this physical
experience in your Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 2.01.06.01 Develop and implement programs that stimulate vestibular,
visual, and proprioceptive senses
Activity Specific Terms/Skills
Agility, Spatial Awareness, Laterality and Directionality

SPACE RELEVANCE
When astronauts go into space and return to Earth, they experience challenges
with balance and body control due to changes in gravity. When they leave the
Earth, their bodies adjust to little or no gravity. Upon return, their bodies have to
re-adjust to Earth’s gravity. The agility course is used to measure balance, footwork skill and agility in response to gravity changes. After a few weeks back on
Earth, their balance control returns to pre-flight condition.

WARM-UP & PRACTICE
Walk the course with the individuals
Walk or run in a straight line, go around a
single cone and return
Break-up Agility Course from simple to
complex shapes
March in place
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Suggested Adapted
Equipment:
Balloon or pool noodle

Agility Astro-Course
LET’S “TRAIN LIKE AN ASTRONAUT!”
Adjust steps and procedures as appropriate for participants
Lie face-down on the ground at the starting point.
When time starts, jump to your feet and run the course to the finish following
these criteria;
– Complete the course as quickly as possible.
– Do not touch or knock over any cones.
– Touching or knocking over a cone is a 2 second penalty added to your
completed time for each cone infraction.
Record your final time in your Mission Journal.
Record any penalties that occurred in your Mission Journal.
Rest at least one minute.
Return to the line, repeat the Agility Astro-Course at least three times,
following the same directions as the first time.
Continue to practice improving your movements, accuracy and time.

TRY THIS! Some ideas for Adapted Activity
 isual aids as directional floor guides, larger cones, pool noodles or
V
balloons placed upward on cones extending visual field to travel through
course; color floor markers; numbers; pictures;
Travel in a single direction and gradually increase course complexity
Start position standing up
Limit/reduce the length/size of the agility course
Increase/widen size of travel pathways
for wheelchairs and walkers
Incorporate preferred object/peer
buddy-partner/motivating item to
encourage student to move through
course
Allow student to move through course
seated or lying prone (on scooter)
Use sound emitting equipment (beeping,
jingling) placed along course to touch and
move through to end
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MISSION X: MISSION HANDOUT

YOUR MISSION:

Agility Astro-Course

You will complete an agility course as quickly and as accurately
as possible to improve agility, coordination and speed. After you
have completed the Astro-Course and recorded your times, you
will comment on your agility during this physical experience on
your Mission Journal.
Agility requires quickness, strength, and good balance and
coordination. Walking up and down stairs, hiking outdoors and
playing tag are some daily activities that require agility.
Mission Question: How can you perform a physical activity
that will improve your agility, coordination, and speed?

MISSION ASSIGNMENT:

Agility Training

Follow the directions listed below to complete the Agility Astro-Course.
A warm-up/stretching and cool-down period is always recommended.
Lie face-down on the ground at the starting point.
When time starts, jump to your feet and run the course to the
finish following these criteria.
Complete the course as quickly as possible.
Do not touch or knock over any cones.
Touching or knocking over a cone is a 2 second penalty
added to your completed time for each cone infraction.
Record your final time on your Mission Journal.
Record any penalties that occurred on your Mission Journal.
Rest at least one minute.
Return to the line, repeat the Astro-Course at least three times,
following the same directions as the first time. Continue to
practice improving your movements, accuracy and time.

Improving agility
makes it easier for
you to move around
objects quickly and
safely. By improving
your movements and
time on the Agility
Astro-Course, you
may find it is easier
to change directions
while moving or
running and keep
your balance instead
of falling over or
bumping into other
people or objects.

Record observations about this activity before and after this
physical experience in your Mission Journal.
Follow these instructions to train like an astronaut.
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AGILITY ASTRO-COURSE

It’s a Space Fact:
Astronauts practice strength and agility through training exercises designed by NASA Astronaut
Strength, Conditioning & Rehabilitation Specialists (ASCR). These fitness specialists conduct an
annual fitness test, design individual exercise programs, and provide one-on-one pre-flight and
post-flight conditioning activities for the astronauts. The agility we use every day on Earth is
different from the agility used in space. Being in space over a period of time can affect
astronaut’s agility. This is observed once the astronauts return to Earth. Due to the astronauts
living in microgravity environment and not using their muscles as they do on Earth, their muscles
weaken. After they return from a long duration mission, astronauts work with ASCRs to restore
and maintain agility as before their spaceflight mission.

Fitness Acceleration

Agility:
The ability to
quickly and easily
move your body.
Coordination:
Using your muscles
together to move
your body.

Think Safety!

Using the same set up as the Agility Astro-Course, move the cones to make
the agility course larger. One may also add more cones to increase the
agility factor. One may also reduce the area of the Agility Astro-Course by
using less cones. Is this course more difficult to complete?
Immediately before engaging in the Agility Astro-Course, do jumping jacks
for 30 seconds. Compare this time to the times for the first three trials. Did
your time increase or decrease? Explain.
Change the environment in which the Agility Astro-Course is performed
(i.e. inside to outside).
Decrease the rest time between trials.
Researchers and ASCRs working with the astronauts must
make sure they have a safe environment in which to practice
so the astronauts are not injured.
A warm-up and cool-down period is always recommended.
Avoid obstacles, hazards, and uneven surfaces.
Wear appropriate clothes and shoes that allow you to move
freely and comfortably.
Drink plenty of water before, during, and after physical activities.

Mission Explorations:
Stand on one leg. Wave your arms and other leg about and still try to
keep your balance.
Participate in a field sport such as soccer or a racket sport such as tennis.
Take part in a relay race with other pairs of students.
Stand beside your partner.
Using a scarf or bandana, tie you and your partner’s legs that are
nearest to each other together at the ankle.
Race a measured distant to the finish line.
Participate in sack races.
Step into a sack made of burlap, pulling it over your feet and up
around your waist.
Hold the sack in place, and race against other students by
hopping to the finish line.

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

AGILITY ASTRO-COURSE
A NASA Fit Explorer Mission Handout – Educator Guide
Learning Objectives
Students will:
 complete an agility course as quickly and as accurately as possible to improve
movement skills, coordination, and speed; and
 record observations about improvements in agility during this physical experience in the
Mission Journal.

Introduction
Anyone who wants to improve their quickness and speed should try agility training like an
astronaut. Agility is the ability to rapidly change directions without the loss of speed, balance, or
body control. Agility training is at the core of any astronaut’s endurance level. If you want to last
longer on the dance floor, field, or the court without getting winded agility is the key. Agility
training will reduce your risk of injury and gives you the extra wind you need to make it through
a game or the entire season. Proper agility training will give you more flexibility and let your
body take on the challenges that can come in any physical activity.
Everyday we come into situations where agility helps us. If you ride a bike, skateboard, play
videogames, roller blade, or play any type of sports, you must rely on your agility to be
successful in these activities. For example, in the game of basketball having good agility skills is
extremely important in order to reduce or eliminate turnovers. Basketball players are always
starting, stopping, and changing directions and speeds. Basketball champions don’t become
champions without doing agility training. You can improve your performance in any sport or
physical activity by practicing agility drills.
Just like an athlete, it is necessary for an astronaut to do strength and agility training. The
healthier and stronger the astronaut is, the better they will perform during a space mission and
when they return to Earth. Astronauts go through vigorous physical fitness training before each
mission to prepare their bodies for space flight. Astronauts lose agility while spending time in
space because they are floating around and don‘t have to change directions quickly.
An overall strength, conditioning, and rehabilitation program is designed to enable the
astronauts to meet the physical demands of space missions as well as keep them healthy for
their return to Earth’s gravity. Astronauts practice strength and agility training by working with
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists. These NASA fitness
specialists conduct annual fitness assessments on the astronauts, prescribe individualized
exercise programs, and provide one-on-one pre-flight and post-flight conditioning activities.
Astronauts that stay in space for 4-6 months are tested on their physical agility before and after
their space mission. There is a lot of focus on balance, coordination, and agility. Being in space
for long periods of time can affect the astronaut’s ability to react to situations in a timely manner.
This is observed once the astronauts have returned to Earth. To help astronauts recover their
agility after a mission, they run through an agility course that will test their quickness, reaction
time, eye-hand coordination, and speed. This test helps the ASCRs at NASA understand how
they can help the astronaut recover their agility faster. On Earth, astronauts make sure their
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agility has returned to the same state as before their mission by staying active with a regular
physical fitness routine.

Administration
Follow the outlined procedure in the Agility Astro-Course Mission Handout. The duration of this
physical activity can vary, but will average 15-30 minutes per class. In order for students to
perform at their maximum potential, positive reinforcement should be used throughout the
activity.

Location
Because students will begin on the ground, this physical activity will best be performed on a
non-slip flat surface such as a gym floor, outside in dry grass, or on a 5-lane athletic track.

Description
The length of the course is 10 meters (33 feet) and the width (distance between the start
and finish points) is 5 meters (16.5 feet). Four cones are used to mark the start, finish,
and the two turning points. Another four cones are placed down the center an equal
distance apart 3.3 meters (11 feet) apart between each cone.
Agility Astro-Course
Adapted from the Illinois Agility Course
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Procedure
Using a stopwatch or clock with a second hand, time the students as they complete one
lap through the course.
Run the course to demonstrate to the students the proper path to take in the course.
Have students form one line and complete the course one at a time.
Students should lie on their front (similar to starting a push up) with hands by their
shoulders. The stopwatch starts on the ‘Go’ instruction. The student gets up quickly and
runs around the course in the direction indicated without knocking the cones over. Time
is stopped when the student crosses the finish line.

Equipment
Educator
 Eight marking cones, or other small, steady objects
 Measuring tape or meter stick
 Paper and pencil
 Watch or stopwatch
If a watch or stopwatch is unavailable, introduce a counting technique for record keeping
such as:
o Repeat each of the following words to equal one second of time:
 One Mississippi, two Mississippi, three Mississippi, etc
 One hippopotamus, two hippopotamus, three hippopotamus, etc
o Keep cadence with a metronome
 Sync the metronome with the second hand on a stopwatch, clock, or watch
 Lightly tap your thigh to the beat of the metronome
 Each tap, or beat, will equal one second
Student
 Mission Journal and pencil
Optional Equipment
 Swimming noodles placed on the cones to create a more challenging course.

Safety






Avoid obstacles, hazards, and uneven surfaces
Students must wear the appropriate clothes and shoes that allow them to move freely
and comfortably.
Proper hydration is important before, during, and after any physical activity.
Be aware of the signs of overheating.
A warm-up/stretching and cool-down period is always recommended.
For information regarding warm-up/stretching and cool-down activities, reference the Get Fit
and Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and
Sports at http://www.presidentschallenge.org/pdf/getfit.pdf.
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Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use
descriptors to verbally communicate their answers.
Use the following open-ended questions before, during, and after practicing the physical
activity to help students make observations about their own physical fitness level and their
progress in this physical activity:








How do you feel?
Are you getting more tired each time you complete the course?
Are you getting better each time you practice the course?
How do you know you are getting better?
What do you think would be more difficult for an astronaut: completing this course after a
14-day mission or a six-month mission? Why?
o An astronaut working in space for a six-month mission will have a more difficult time
completing the agility course when they return to Earth. During longer missions, an
astronaut’s body has been exposed to the microgravity environment for a longer
period of time. Because of this, the body will take longer to adapt to the Earth
environment. Astronauts must get as much exercise as they can in order to help their
bodies prepare for the Earth environment.
Do you think an astronaut could successfully complete this course the day they landed
from a 6-month mission? A week later? A month later?
o An astronaut could complete the agility course after being in space for a six month
mission, although as time goes on their performance will improve. The astronaut’s
body will become better adapted to Earth’s environment each day they are back on
Earth. The astronaut will begin to perform as they did before spaceflight and in some
cases even better then when they went into space. Being healthy and fit upon their
return to Earth will help the astronaut regain their strength and agility faster.

Some quantitative data for this physical activity may include:
 length of time to complete the course
 number of penalties (knocked-over cones)
 length of rest period
 number of times the course was completed
 rate of perceived exertion (on a scale of 1-10)
Some qualitative data for this physical activity may include:
 identifying environmental impacts
 identifying physical readiness (stretched out, warmed up, alertness, diet, adequate rest)
 identifying soreness in specific body parts

Collect, Record, and Analyze Data
Students should record observations about their physical experience in skill with movement,
coordination, and speed in their Mission Journal before and after the physical activity. They
should also record their physical activity goals and enter qualitative data for drawing
conclusions.
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Monitor student progress throughout the physical activity by asking open-ended
questions.
Time should be allotted for the students to record observations about their experience in
their Mission Journal before and after the physical activity.
Graph the data collected in the Mission Journal on the graph paper provided, letting
students analyze the data individually. Share graphs with the group.

Students should practice the Mission Handout physical activity several times before progressing
or trying the related Fitness Acceleration and Mission Explorations.

Fitness Acceleration






Using the same charted Agility Astro-Course, move the cones and make up a new agility
course that is a larger with more cones or shorter distance with less cones. How difficult
is this course to complete?
Do jumping jacks for 30 seconds and immediately try the agility course again. Did your
time increase or decrease?
Change the environment in which the course is performed (i.e. inside to outside).
Decrease rest time.

Mission Explorations






Stand on one leg. Wave your arms and other leg about and still try to keep your balance.
Participate in a field sport such as soccer or a racket sport such as tennis.
Race with a partner against other pairs of students in your group.
o Stand beside your partner. Using a scarf or bandana, tie you and your partner’s legs
that are nearest to each other together at the ankle.
o Race a measured distance to the finish line.
Participate in sack races.
o Step into a sack made of burlap, pulling it over your feet and up around your waist.
o Hold the sack in place, and race against other students by hopping to the finish line.

National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies,
and tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and
others in physical activity settings.
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression,
and/or social interaction.
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National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication
skills to enhance health and avoid or reduce health risks.
o 4.5.1. Demonstrate effective verbal and non-verbal communication skills to
enhance health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to
enhance health.
o 5.5.4 Predict the potential outcomes of each option when making a health related
decision.
o 5.5.6 Describe the outcomes of a health related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance
health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
 Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors
and avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or
improve personal health.
National Science Education Standards
 Standard F: Science in Personal and Social Perspectives
o Personal health (K-8)
 Standard B: As a result of the activities in grades K-4, all students should develop an
understanding of:
o Properties of objects and materials
o Position and motion of objects

National Initiative
The Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 and may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.

Resources
For more information about space exploration, visit www.nasa.gov.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
NASA Connect™ The Right Ration of Rest: Proportional Reasoning:
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http://www.knowitall.org/nasa/connect/index.html
NASA Connect™ Better Health From Space to Earth
http://www.knowitall.org/nasa/connect/index.html
For guidelines to prevent heat-related illnesses:
American College of Sports Medicine (ACSM)
 Exertional Health Illness during Training and Competition
http://www.acsm-msse.org/pt/pt-core/template-journal/msse/media/0307.pdf
Centers for Disease Control and Prevention (CDC)
 Extreme Heat: A Prevention Guide to Promote Your Personal Health and Safety
http://www.bt.cdc.gov/disasters/extremeheat/heat_guide.asp
For guidelines for fluid replacement and exercise:
American College of Sports Medicine (ACSM)
 Exercise and Fluid Replacement
http://journals.lww.com/acsmmsse/Fulltext/2007/02000/Exercise_and_Fluid_Replacement.22.aspx
For information on warm-up and cool-down stretches, visit:
American Heart Association (AHA)
 Warm-up and Cool-down Stretches
http://americanheart.org/presenter.jhtml?identifier=3039236
For information about rate of perceived exertion (RPE), visit:
Centers for Disease Control and Prevention (CDC)
 Perceived Exertion
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/perceived_exertion.htm

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program Education and
Outreach team with thanks to the subject matter experts who contributed their time and knowledge to this
NASA Fit Explorer project.

Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
David Hoellen, MS, ATC, LAT
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
John Dewitt
Biomechanist, Exercise Physiology Laboratory
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/labs/exercise_physiology.cfm
Daniel L. Feeback, Ph.D.
Head, Muscle Research Laboratory
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Space Shuttle and Space Station Mission Scientist
NASA Johnson Space Center
Linda H. Loerch, M.S.
Manager, Exercise Countermeasures Project
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/projects/ecp.cfm
Jacob J. Bloomberg, Ph.D.
Senior Research Scientist
Human Adaptation and Countermeasures Division
NASA Johnson Space Center
www.nasa.gov/pdf/64087main_ffs_bio_bloomberg.pdf
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ASTROCROPS
Growing plants for future space missions

Fast facts

Brief description

Subject: Science, Biology

In this set of activities students will build
an understanding of germination and plant
growth by following the development of three
unknown plants for 12 weeks. They will conduct
measurements and make observations to
evaluate their plants’ growth and health.
Students will use their observations to make a
hypothesis about which species of plants they
are growing and discuss whether these plants
are suitable for growing on long duration
space missions.

Age range: 8-12 years old
Type: pupil activity, school project
Complexity: medium
Lesson time required: 30 minutes per week for
12 weeks
Cost: medium
Location: classroom
Includes the use of: gardening equipment

This activity is part of a series that includes
“AstroFood”, where students investigate other
possible future space foods, and “AstroFarmer”,
where students explore growing plants in
space and factors that affect plant growth.

Keywords: science, biology, plants, seeds, germination, basil, tomato, radish, stem, leaf, fruit,
flower, root

Learning objectives
•
•
•
•
•

Observe and describe how seeds grow into mature plants.
Create scientific diagrams and use labels.
Execute systematic observations and measurements.
Interpret results and draw conclusions from the results.
Be able to perform comparative and fair tests.
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Introduction
If astronauts are going to settle on the Moon, or explore further reaches of our Solar System, they
will need air, food and water. Currently, the only human outpost is the International Space Station
(ISS). The ISS is supplied with water and food from Earth. Each astronaut needs approximately 1 kg of
oxygen, 1 kg of dehydrated food and 3 kg of water per day. Supplying 5 kg of supplies per astronaut
per day from Earth is costly and impractical for long duration space missions, so scientists are
researching how to create a closed life support system could be used in space. Such a life support
system is essential for further space exploration and will also help us improve the way we use
resources on Earth.
The ESA-led Micro-Ecological Life Support System Alternative programme (MELiSSA) seeks to perfect
a self-sustaining life support system that could be flown in space in the future, supplying astronauts
with all the oxygen, water and food they require. This would work by recycling everything without
any resupply from Earth. Waste products and CO2 from humans would supply the plants with the
essential ingredients for growing and the plants would, in turn, provide oxygen and food for humans
as well as filtering waste water.
Figure 1

↑ Overview of MELiSSA's closed loop system

MELiSSA is researching and collecting data about these space plants and how they could be grown
in a closed system. As a citizen you can help by participating in the AstroPlant citizen science project
and collect valuable data about plant growth.
In this set of activities students will grow their own space plants and track their progress as they
grow from a seed into a mature plant!
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Activity 1: Let it grow
In this activity, students will track the development of three unknown seeds. As the seeds develop
into adult plants, students will learn to make scientific observations and record data to track the
growth over time. Students should complete the activity by presenting their results in a letter to Paxi.

Equipment
•
•
•
•
•
•

Printed student data logbook for each group
Ruler
3 pots
Soil or other growth medium
Plant nutrients
Basil, radish and tomato seeds

Exercise
Divide the class into groups of 3 or 4 and give each group 3 pots, soil, plant nutrients and seeds. The
students should label each pot A, B and C and not know what plant they are planting in each pot
at the beginning. For this activity, it is recommended that you use radish, basil and tomato seeds. A
guide on how to plant each seed is provided below.

Plant A - Basil
The students should fill pot A ¾ full with potting soil and add some water. They can then add some
seeds to the wet soil before adding a thin layer of soil over the seeds. It will take 8-12 days for the
seeds to germinate and for the stems to start coming through the soil. Throughout this period the
students should ensure the seeds stay sufficiently wet. The students can begin to add nutrients
to the soil after germination. The seeds do not need nutrients at the beginning because they have
them stored within the seed. Place the pot where they will be exposed to plenty of sunlight. It
should take approximately 6 weeks for the basil to grow into full plants. Take care not to over water
the plant.
2 weeks

3 weeks

5 weeks

2 weeks
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4 weeks

6 weeks

3 weeks

5

4 weeks

Plant B - Radish
Radishes are cool-weather root vegetables. Fill the pot with soil but do not compact it and add a
few radish seeds. You may wish to plant multiple radishes at the beginning and then thin them
after germination to leave only the healthiest in the pot. Radishes like cool weather, lots of sunlight
and the soil should stay thoroughly moist but not be over watered. Once the stems of the radish
plants begin to break the surface of the soil, you can add some fertiliser/plant nutrients to help the
radishes grow. The radishes should take approximately 4 weeks to grow fully.

Plant C - Tomato
Tomatoes are long-season, heat-loving plants which will take the longest of the three plants to grow
(typically 12 weeks). Moisten the soil and fill the pot with soil to within 2cm of the top. Place two or
three seeds into each pot and cover over with about 1cm of soil, firm it over the seeds and moisten
the soil. At the beginning, you can cover the pots with clear kitchen wrap to hold the moisture in.
Place the pots in a warm, sunny spot. Once the sprouts break the top of the soil, remove the plastic
wrap. After the plants have grown a bit, remove some so that the strongest, healthiest plant is left
in the pot on its own. Continue to keep the soil moist but do not saturate and once the plant has
grown a bit you can add plant nutrients/fertiliser to help the growth.
Fruit formation
(20-30 days)

Mature fruiting
(15-20 days)

Fruit formation
(20-30 days)

Mature fruiting
(15-20 days)

Flowering
(20-30 days)

Early growth
(25-35 days)

Vegetive
(20-25 days)
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Flowering
(20-30 days)
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Recording the data
In the student guide you will find a logbook for recording the data. Print out a copy of the logbook
for each group. It is suggested that data is recorded once per week for each plant. The students can
design the front cover and create a team name. In each table there is space to write the height of
the plant, the number of leaves, the number of fruit and the number of flowers. There is also space
to write comments that could be about the weather that week, the amount of water given to the
plants or any other relevant information. A section is included for the students to write what they
think each plant could be. There is space for the students to draw a diagram of each plant every
week to help them track the overall growth of the plant. The students should label their diagrams
including: leaves, flowers, fruit and stem.
Once each plant is fully grown, the students can eat what they have grown. Ask the students which
part of each plant they think is edible. Ensure you thoroughly wash anything the students will be
eating and check for any allergies.

Discussion
The three plants all have different growth rates and the edible parts of each plant are all different.
Radishes are the fastest growing and can be ready to harvest in as little as 4 weeks. Basil takes
approximately 6-8 weeks and tomatoes take approximately 12 weeks. We eat the leaves of the basil
plant, the root of the radish plant and the fruit of the tomato plant.
Ask the students which plant they think might be the most suitable for growing on a long duration
spaceflight. Ideally, you want a fast growing, resilient, edible plant that provides a lot of nutrition
without taking up a lot of space or requiring too much attention. Ask the students to present their
conclusions in a letter to Paxi. You can send the students letters to Paxi at paxi@esa.int.
As an extension, ask the students if they think there are other plants (that they have not grown in
this activity) which they think would be more suited for growing on long duration space missions.
Scientists are currently investigating wheat and potatoes as possible space crops.

Conclusion
When we travel out into space we need a controlled system because the external environment
is very harsh; the temperature can be well below freezing and there may be prolonged periods
of darkness in which the plants cannot photosynthesise. Therefore, growing plants in space will
have to be done in a controlled system. These systems are less influenced by external events such
as amount of water, darkness and varying temperatures. For a more in depth look at how different
factors affect plant growth you can do the AstroFood and AstroFarmer activities.
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LINKS
ESA resources
AstroFood
esa.int/Education/Teachers_Corner/Astrofood_-_Learning_about_edible_plants_in_Space_Teach_
with_space_PR41
AstroFarmer
esa.int/Education/Teachers_Corner/Astrofarmer_-_Learning_about_conditions_for_plant_growth_
Teach_with_space_PR42
Moon Camp Challenge esa.int/Education/Moon_Camp
Mission X - train like an astronaut www.stem.org.uk/missionx
Moon animations about the basics of living on the Moon
esa.int/Education/Moon_Camp/The_basics_of_living
ESA classroom resources esa.int/Education/Classroom_resources
Paxi animations esa.int/kids/en/Multimedia/Paxi_animations

ESA missions
MELiSSA project esa.int/Our_Activities/Space_Engineering_Technology/Melissa
Eden ISS https://eden-iss.net

Extra information
MELiSSA Foundation www.melissafoundation.org
MELiSSA using spirulina as a test subject
directory.eoportal.org/web/eoportal/satellite-missions/m/melissa
ESA Euronews – Growing food in space
esa.int/spaceinvideos/Videos/2016/05/ESA_Euronews_Growing_food_in_space
Astroplant, citizen science project supported by ESA www.astroplant.io
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My AstroCrops
Data Logbook

Team: _________

Paxi needs your help
Paxi needs your help gathering data about
plants that he could grow on his long
distance space journeys. You will need to
become scientists and carry out a scientific
investigation. This will involve making
observations, taking measurements and
recording data. Paxi has sent a mission
statement for you.
Mission statement: Follow the development
of three unknown seeds as they grow over 12
weeks. Identify the three plants and decide
which one you would take to space.

WEEK 0

Date:______
Draw your seeds

Plant A

Plant B

Plant C

WEEK 1

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 2

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 3

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 4

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 5

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 6

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 7

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 8

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 9

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 10

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 11

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

WEEK 12

Date:______

Register your measurements
Plant

A

B

C

Height (cm)

# of leaves

# of fruit

# of flowers

I think we are growing:

Comments:

Draw your plants
Plant A

Plant B

Plant C

Letter to
Dear Paxi,
We have completed our mission! After studying the three different seeds we have identified:

Plant A _______
Plant B _______
Plant C _______
We would take ______________ to space because_________________
_________________________________________________
_________________________________________________
_________________________________________________

Your friends,
_________________________________________________
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ASTRO FARMER
Learning about conditions for plant growth

Fast facts

Brief description

Subject: Science
Age range: 8 -12 years old
Type: student activity
Complexity: medium
Lesson time required: 2 hours and 30 minutes
Cost: low (0 -10 euros)
Location: indoors
Includes the use of: cress seeds, radish seeds,
white flowers

In this set of six activities, students will
investigate which factors affect plant growth,
and relate these factors to growing plants
in space. Students will learn that plants
need air, light, water, nutrients and a stable
temperature to grow. Students will observe
what happens to plants when they vary some
of these factors.
These 6 activities can be done individually or
as a set.

Keywords: Science, Moon, Plant growth, Environment, Respiration, Photosynthesis, Nutrients, Water, Light, Temperature

Learning objectives
•
•
•
•
•
•
•

Learn that plants need water, light, air, nutrients and a suitable temperature to grow.
Understand that environments can change and pose danger to living things.
Learn that it is possible to grow plants without soil.
Conduct simple and fair tests.
Identify and control variables when necessary.
Interpret observations and draw conclusions.
Solve problems.
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Summary of activities
activity
1

2

3

title

description

Do plants
need air?

Learn that plants
need air to survive.

Do plants
need
water?

Leaving white flowers
in water with food dye
overnight to observe
how plants drink
water.

Make predictions
and learn that
plants drink water
and transport it to
the leaves.

Planting radish seeds
in different materials,
to learn that plants
can grow without soil.

Make predictions
None
and perform
comparative
and fair tests to
investigate plants
need of nutrients
that can be found in
the soil. Learn that
plants do not need
soil to grow.
Learn that
None
plants need mild
temperatures to
grow.

4

6

requirements

Studying the
respiration and
photosynthesis
processes in plants.
Do plants
Investigating
need light? how cress grows
in different light
conditions: constant
darkness and sunlight.

Do plants
need soil?

5

outcome

Too hot, too Examining images
cold
of plants in different
places on Earth and
relating the flora to
climatic zones.
Plants in
Summarising that
space
plants need air,
light, water, suitable
temperature and
nutrients to grow.
Studying some Moon
facts and relating
them to the growth of
plants.
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None

Make predictions
Completion
and perform
of activity 1 is
comparative
advised.
and fair tests to
investigate if plants
need light.
None

Understand that
None
the environmental
conditions in space
are different to
Earth, and that they
pose a challenge to
growing plants.

4

time
15 minutes

30 minutes
to complete
the activity.
Waiting
period 1
week.
30 minutes
to complete
the activity.
Waiting
period 1 day.
30 minutes
to complete
the activity.
Waiting
period 1 day.

15 minutes

30 minutes

Introduction
Plants are important to the Earth’s ecosystem; they are a source of food for animals and convert
carbon dioxide into oxygen, through photosynthesis.
In these activities, students will learn what plants need in order to survive and be healthy. Students
will discover that the main conditions required for plants to grow are:
• access to air,
• access to light,
• access to water,
• access to nutrients ,
• a suitable and stable temperature.
Students will uncover these factors for themselves by conducting tests to investigate plants'
dependence on each factor.

Air
Air is composed of different gases and a small percentage of tiny particles called aerosols, which
include dust and pollen. The main component of air is nitrogen (78%), followed by oxygen (21%).
Other gases, such as carbon dioxide and argon compose only 1% of the atmosphere. Air also holds
water vapour; the amount of water in the air is called humidity.
Plants, like all living things, have to respire to stay alive. Respiration allows organisms to produce
energy. For plants, oxygen enters the leaves through small openings called stomata. Plants convert
sugar (glucose) and oxygen into energy:
			

sugar + oxygen

> carbon dioxide + water + energy

Plants' respiration releases carbon dioxide and water just like when humans breathe. Carbon dioxide
and water vapour exit the leaf through the stomata.

Light
Plants cannot survive in total darkness indefinitely. They require light to produce the sugars (glucose)
they need for respiration. This process is called photosynthesis, it uses light to convert carbon dioxide
and water into sugar and oxygen:
		

carbon dioxide + water + light 		

> sugar + oxygen

Glucose is the ‘food’ of a plant and through photosynthesis they obtain it. Glucose is used throughout
the plant for growth, flower and fruit formation.
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Plants have a pigment called chlorophyll that allows them to perform photosynthesis. Chlorophyll is
the reason plants look green. Without chlorophyll, plants cannot survive!
Plants grow towards the light. When they are in total darkness, plants use the energy they have
stored, for example in their seeds, in order to grow faster and search for the light that they need.
When in total darkness, plants do not produce chlorophyll and are not able to photosynthesise. They
will continue to grow until they have run out of energy.
Respiration and photosynthesis are interlinked; the products of photosynthesis are the reactants of
cellular respiration (see Figure 1). Photosynthesis only occurs during the day, while respiration occurs
day and night.
Figure 1

Sunlight

oxygen

photosynthesis

carbon
dioxide

sunlight

sugar + oxygen

carbon dioxide + watrer

cellular respiration

↑ Leaf anatomy
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energy

Water
Water is essential for all living things, including plants. Vegetation relies on water in the ground
surrounding its roots. Plants get water through the roots and transport it to the upper parts of the
plant through small tubes (xylem tubes). These tubes transport water and dissolved nutrients to the
entire plant. Plants do not have a heart to pump liquids around their bodies, so they rely on physical
forces to move liquid up to the highest leaf. Plants loose water by transpiration and respiration
through the leaves (see Figure 2).
Figure 2

Water lost from leaf surface
by transpiration

Water travels through the plant

Water absorbed by roots

Nutrients
To be healthy, plants need to have access to nutrients. Nutrients are chemical elements or compounds
that are necessary for a plant to grow. The nutrients are normally found in soil and are collected
through the plant’s roots.
The nutrients that are present in soil come from many different sources: decomposed animals,
bacteria, fungus, microscopic organisms, fertiliser, and excrements. Some soils are rich in nutrients
and are very good for plants, while others are deprived of nutrients - for example desert sand.
Plants obtain from the soil not only nutrients but also mechanical support. Still it is possible to
grow plants using soilless techniques, like for example hydroponics. These techniques use a different
growth material, for hydroponics it is water with added nutrients. Mechanical support is provided
to the plant artificially.
teach with space - astrofarmer | PR42
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Temperature
Temperature is a key factor for the health and growth of plants. Combined with the other factors
already discussed - light, air, water, and nutrients - it influences the development of the plant.
Plants rely on mild temperatures to perform photosynthesis. Whether it is extreme heat or extreme
cold, temperature affects the health of plants. Most plants cannot survive in negative temperatures
because the water inside the plant may freeze. Even if the plant can counteract the temperature
effect internally, the surrounding ground will also freeze and the roots will not be able to absorb the
water ice in it.
In high temperatures, plants can lose large amounts of water through transpiration. Some plants
have evolved to minimise the loss of water by having leaves shaped like needles. In addition, the
roots will have more difficulty finding water because there may be less available in the soil. However,
there are examples of plants that have adapted to survive in extreme environments, such as the
cactus, that has adapted to live in desert areas where temperatures can range from +70°C to below
zero.

In space
All the things we take for granted on Earth are either absent or different in space.
In space, the five conditions required for plants to grow - light, water, soil, nutrients and suitable
temperature - are difficult to meet. In addition, plants would have to grow in a different gravity
environment - microgravity for the case of the International Space Station (ISS) or 1/6 of Earth’s
gravity on the Moon.
Planting seeds in soil would get very messy
in the ISS where everything is weightless. The
soil could end up floating around the station,
get stuck in an important machine or could
be inhaled by an astronaut. Soil is also heavy
to transport and launch into space.

Figure 3

Luckily, in the ISS or on the Moon plants
could be grown hydroponically. This method
has already been tested in the ISS and has
produced its first “space salad” in 2015.
©NASA
The soil on the Moon is completely deprived
of nutrients, also their environmental ↑ Special plant growth unit called Veggie at the ISS.
conditions are very different from the ones
on Earth. Therefore, when ESA and other space agencies talk about growing plants on the Moon
they plan to grow them in a controlled environment, for example in special greenhouses.

In these activities, students will become AstroFarmers and explore the conditions that plants need
to grow in space.
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Activity 1: Do plants need air?
In this activity, students will learn about respiration and photosynthesis in plants. Students will also
learn about the composition of air and understand the role of plants in the production of oxygen.

Equipment
• Student worksheet printed one per student
• Pen or pencil
• Colouring pencils

Exercise
Distribute the student worksheets and ask the students to fill in the blanks in the text with the
words provided.
Ask the students to identify which process is represented by each arrow in question 2. They should
colour the name of the process in red or blue according to the colours used on the image. Students
should understand that photosynthesis only occurs during the day, while respiration occurs day and
night.

Results
1. Air is a mixture of different gases, that includes nitrogen (78%) and oxygen (21%). Other gases,
such as carbon dioxide, represent less than 1% of Earth’s atmosphere.
Plants, like all living things, have to carry out respiration to stay alive. Respiration converts sugar and
oxygen into energy, releasing carbon dioxide and water in the process.
Most plants cannot survive in total darkness because they need light to produce the sugars they
need to have energy to grow. This process is called photosynthesis and uses light to convert carbon
dioxide and water into sugar and oxygen. Photosynthesis is the number one source of oxygen in the
atmosphere.
2.

Photosynthesis

Respiration
Discussion

Depending on the age and ability of the students you could elaborate on the processes of respiration
and photosynthesis by providing them with the equations and Figure 1 presented in the introduction.

teach with space - astrofarmer | PR42

9

Activity 2: Do plants need light?
In this activity, students will investigate how cress grows in different lighting conditions: constant
darkness and normal sunlight. Students should understand that light affects the growth of plants
and relate the results from this experiment to Activity 1.

Equipment
• Student worksheets printed one per group
• Cress seeds
• Identical pots/plastic containers (2 pots per
group)

•
•
•
•

Potting soil
Small shovel or spoon
A cardboard box or a dark closet
A ruler

Exercise
Divide the class into small groups of two to four students. Inform them that they will conduct an
experiment to investigate how cress grows in different lighting conditions: constant darkness and
normal sunlight.
Note: If you wish to add more complexity to the exercise, you could add a third pot with constant
light (for example placed under a lamp).
Distribute the student worksheets, one per group, and the necessary materials: 2 pots per group,
cress seeds, and potting soil. Ask the students to follow the instructions in the student worksheets.
Assist the students as necessary. Ask the students to label the pots with their names and number
them 1 and 2.
Make sure the soil is moist and give both pots approximately the same amount of water.
Next the students should place all the pots labelled “1” in total darkness (a closet or a box) and all
pots labelled “2” in a place with a normal day/night cycle, preferably near a window. Discuss the
importance of conducting a fair test and ask the students to reflect on why this experiment is a fair
test.
Ask the students if they have ever seen a plant that has been left in the dark? What do they think
will happen to a plant if it cannot get any sunlight? The students should write and/or draw their
predictions in their student worksheets.
Leave the pots for approximately 4-7 days. Cress grows very easily, and it should not need more
water during that week.
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Results
After one week, the students can retrieve their pots. The cress grown in sunlight should have a
normal healthy development with a green colour. The cress grown in constant darkness should be
noticeably taller than the cress grown with a normal day/night cycle, but have a white colour with
yellow leaves.
Figure 4

↑ Example of two pots of cress seeds planted in the same type of soil and with
equal amounts of water. The pot with the white cress (left) was placed in darkness
for 4 days, while the green cress (right) received sunlight in the same period.

The cress placed in darkness is taller because the plant has accelerated its growth (using the energy
stored in the seed) in order to search for the light. It is not green because it doesn’t have chlorophyll
(which has not formed due to the absence of light) – it is the presence of chlorophyll that gives
plants their green colour.

Discussion
To further analyze the development of the plants with the students discuss with them which one of
the two plants is healthier. Discuss with them if plants can be exposed to too much light.
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Activity 3: Do plants need water?

In this activity students will investigate the transportation of water inside a plant. Through these
exercises, students should understand that the roots and stem transport water to the rest of the
plant. Afterwards, students will examine how flower petals change colour when dye is added to the
plant water.

Equipment
•
•
•

Student worksheet printed for each student
White flowers cut at the stem (two per group)
Food dye (red or blue)

•
•

Transparent water containers (for example
the bottom of a plastic bottle)
(optional) white flower with intact root

Exercise 1

To begin this activity the students identify and label the different parts of the plant in their student
worksheets. They should name the leaf, fruit, flower, stem and root. Afterwards, they should
complete the maze that transports water from the soil through the root and then through the stem
of the plant to the leaves, flowers and fruits.
Ask the students to name three different functions of the roots. These could be:
• Absorption and transportation of water
• Fixation and support of the plant
• Storage of food (for example potatoes and carrots)
• Respiration

Exercise 2

This experiment demonstrates how water is transported from the stem to the petals of the flowers
by adding food dye to the plant water.
This exercise can be completed as a group activity or as a demonstration. As a demonstration you
will need two white flowers placed in two different water containers. As a group activity you will
need two white flowers in two water containers for each group. Instructions for this experiment are
provided on the student worksheet. Flowers with hollow stems take up water the fastest and show
colour change in the shortest amount of time but nearly any type of white flower can be used.
Divide the class into small groups of two to four students. Distribute the student worksheets and
two white flowers per group. Ask them to follow the instructions on the student worksheets. The
students should predict what they think will happen to the flowers. Wait for one day and then
ask the students to complete questions 2 and 3 of the student worksheet. Were their predictions
correct? Ask the students what would happen if the flower still had its roots.
Note: to see the function of the roots you could add a plant with the roots intact to the experiment
as a demonstration to see if the colour of the flower is affected.

Results

1. The white flower in the dyed water should be coloured by the dye. Especially along the rim of
the petals.
2. The colouring of the petals happens because the flowers transport the water from their stem to
the petals of the flower. Food dye in plant water is an effective way to illustrate this transportation.
3. Roots act like a natural filter. When coloured water is added to the soil the root will not recognise
the dye as a necessary nutrient. The roots will filter out the dye and the flower petals should not
change colour.
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Activity 4: Do plants need soil?
In this activity, students will plant radish seeds in different materials to determine which are good for
growing plants.

Equipment
•
•
•
•
•

Student worksheet printed for each student
16 radish seeds
8 small clear pots
Soil to fill 2 of the small pots
Sand to fill 2 of the small pots

•
•
•
•
•

Cotton wool to fill 2 of the small pots
Paper towel to fill 2 of the small pots
Cling film
16 Labels for the pots
Liquid plant food

Exercise
This activity is structured as a classroom demonstration to investigate if plants can grow without
soil. Distribute the student worksheets to the class. Ask the students if they think plants can grow
without soil and to explain their answer on their student worksheets.
Explain to the students that they will do an experiment to find out if plants can grow without soil.
Ask the students to answer question 2 on their student worksheet, by drawing lines between the
materials and the empty pots.
When all the students have finished, fill the eight pots accordingly by following the procedure below:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Label the pots 1 to 8.
Put soil in pots 1 and 2.
Put sand in pots 3 and 4.
Put cotton wool in pots 5 and 6.
Put paper towels in pots 7 and 8.
Add normal water to pots 1, 3, 5 and 7 (the material should be damp).
Add water with liquid plant food to pots 2, 4, 6 and 8 (the material should be damp).
Add 2 radish seeds to each pot and put cling film over the top.
Leave the pots for one week in identical conditions.

Ask the students their predictions for the experiment. Do they think that plants can grow in all of
the different pots? In which pot do they think the plant will grow best? Do they think it is a good
idea to add liquid plant food? Ask them to write down their predictions by answering questions 3 to
7 in their student worksheets. Discuss with the students the fairness of the experiment.
After a week, present the pots to the students. How has each pot developed? Ask them to take note
of the results on their student worksheets (question 8). What is the height of each seedling growing
in the different materials and how healthy are the plants. Discuss if plants need soil or not in order
to grow. Ask the students to write down their preferred growing material at the bottom of the plant
illustration on their student worksheet.
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Results
Below are the answers to the questions in the student worksheet:
3. The liquid plant food is there to replace the nutrients that are usually found in soil. Since some
plants are being grown without soil the nutrients they need must be added in another way.
4. Adding nutrients to some of the pots will make them grow more than they would in the same
material without any nutrients.
5. The experiment is a fair test because we only change one variable at a time. So we can analyse
whether the difference is due to the material or the liquid plant food.
6. The radish seeds will grow best in the cotton wool with the plant food mix. It should be better
than the seeds growing in soil alone.
7. Students might argue that the plants cannot grow without soil and/or that they cannot
grow without liquid plant food. However, the radish seeds should be able to grow in all of the
different materials. This is because the seeds already contain some nutrients for the plant to
germinate, however, it will grow more slowly and eventually run out of nutrients.

Discussion
Discuss with the students the advantages and disadvantages of growing plants without soil.
Students should learn that plants need nutrients but that these can be added to other materials,
not only soil.
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Activity 5: Too hot, too cold
In this activity, students will observe pictures from different places on Earth and link them to the
different climate zones. Students will learn that plants can adapt to different conditions but there are
extreme environments where they cannot live.

Equipment
•
•

Student worksheet printed for each student
Scissors

•
•

Glue
Pen / pencil

Exercise

Start the exercise by asking the students if they have ever been to a place where there were no
plants at all. With the students, reflect on the fact that we find plants almost everywhere on Earth.
On their student worksheets, the students will find a map of Earth’s three main climatic zones:
tropic, temperate and polar. Ask them to look at pictures A to F and work out where they should
be placed on the map. They should bear in mind the different climatic zones and what influence
this would have on the flora in each region. Pictures A and B do not have any plants at all, ask the
students to explain why for each case.

Results

1. 1 - D, 2 - E, 3 - C, 4 - B, 5 - A, 6 - F
2. Picture A: This image is of the Sahara Desert. No plants can grow in the areas of desert that are
covered completely by sand. Sand is a poor growing material, with little water and nutrients.
Plant roots also have difficulty keeping the plant grounded in desert due to the sand and
strong winds. Temperatures are extremely hot during the day and extremely cold during the
night.
Picture B: This image is of Antarctica. Antarctica is a cold desert, with very little precipitation.
The ground is covered by ice and snow and there is no liquid water. Temperatures can reach
-80°C. Cold temperatures freeze the cells in a plant, causing damage and interrupting the
pathways for nutrients and water to flow.

Discussion:

Discuss with the students the differences between the different climatic zones. How do plants
adapted to each different zone?
Tropic zone: Extends between the Tropic of Cancer at a latitude of 23.5° north of the equator and the
Tropic of Capricorn at a latitude of 23.5° south of the equator. Climate in this zone can be extremely
hot, causing large evaporation. This creates very hot and humid areas like rain forests, and arid areas
like deserts, which have large temperature differences between winter and summer.
Temperate zone: Extends between the Arctic Circle and the Tropic of Cancer in the northern
hemisphere, and between the Tropic of Capricorn and the Antarctic Circle in the southern
hemisphere. This climate zone experiences the largest temperature variations between summer
and winter, with hot summers and cool winters. Most of Europe and North America fall within this
climate zone.
Polar zone: Located within the Arctic and Antarctic Circles. It is characterised by long, cold winters
and short, cool summers. Temperatures rarely rise above freezing. Precipitation falls in the form of
snow; many areas are covered by ice all year-round.
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Activity 6: Plants in Space
In this activity, students will summarise the most important conditions that are needed for plants
to be healthy. Students will consider what conditions on the Moon could pose a problem for plants.

Equipment
•
•

Student worksheet printed for each student
Pen or pencil

•

Colour pencils

Exercise 1
Discuss with the whole class which environmental factors the students think are important for
plants to be healthy. If the students have completed Activities 1 to 5, this activity will act as a
summary. If the students have not completed the preceding activities introduce this topic relating
to their everyday experiences perhaps with plants in their own homes, in the park or in the forest.
Ask the students what happens to a plant if:
• the temperature is too cold or too warm,
• there is not enough water or too much water,
• there is not enough light or too much light,
• there are no nutrients,
• there is no air.
Ask the students to draw the five factors that affect the health of a plant in the petals of the flower
on their student worksheet: mild temperature, nutrients, light, air and water. End the exercise
by discussing what the students could do to meet the needs of a plant to make sure it survives.
Examples could be, placing the plant in a window to receive sunlight, or keeping the plant inside for
a constant temperature.

Results

Figure 5

The students should draw what a plant needs in order
to be healthy in the petals of the flower on their student
worksheets. An example is shown below.
1.
2.
3.
4.
5.

Mild temperature
Water
Light
Nutrients
Air

Plant

food

nutrients

water

Plants
need

heat

air
light

↑ Example of expected answer for Exercise 1. The five
most important requirements for plant growth are
heat (constant mild temperature), nutrients, water,
light and air.
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Exercise 2
Ask the students to analyse the facts cards about the Moon and if they think plants can grow in this
alien environment. Ask them to write down their ideas on the student worksheet. Discuss this topic
with the class and ask them to share their thoughts and opinions.
Do the students have any ideas of what could be done to overcome some of the conditions found
on the Moon. Guide them towards the concept of building a controlled environment, such as a
greenhouse.

Discussion
When debating with the students make it clear that there is no life on the Moon. The purpose is
to debate the hypothetical idea of how plants brought from Earth to these different environments
would adjust. Would they still be able to grow? Would they be healthy? How could we control some
of the environmental variables?
The following points are some of the main challenges for growing plants on space missions:
Microgravity: On Earth, we are used to feeling Earth’s gravity pulling us down. One of the biggest
differences in space is that gravity varies depending on where we are. Travelling in space astronauts
will feel weightless, while on the Moon they will experience 1/6 of the Earth’s gravity. Plants are used
to growing on Earth, transporting them to a place with different gravity may introduce unknown
variations in their growth.
Water: On the Moon liquid water would not be readily available in rivers and oceans as it is here on
Earth. On the Moon some water is present in the form of ice, but this means that it is more difficult
and expensive to access than it is on Earth.
Light: The duration of day and night varies depending of the rotation of the planet or moon. On the
Moon days are extremely long, 28 times longer than on Earth. Plants would have to adapt to a cycle
of 14 days of light and 14 days of darkness.
Atmosphere: The Moon has basically no atmosphere. There is no protection from radiation, which
can affect the health of plants.
Temperature: Most plants grow best at temperatures between 10°C and 30°C. Outer space, because
it is a vacuum, has extreme variations of temperature. Similar variations happen on the Moon
because it has basically no atmosphere.
Soil: On the Moon the soil is very poor in nutrients and might even be toxic for plants in some
regions.

Conclusion
Students should conclude that although on Earth plants grow almost everywhere, on the Moon
environmental conditions are different and it lacks some of the most important conditions
necessary for plants to grow healthily. For plants to grow in space we would need create a controlled
environment with special greenhouses.
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Learning about conditions for plant growth

Activity 1: Do plants need air?
Exercise
1. Complete the following sentences by filling in the blanks. Use the words listed below.
Plants

photosynthesis

oxygen

carbon dioxide

atmosphere

Air

		
is a mixture of different gases, that includes nitrogen (78%) and
(21%). Other gases, such as carbon dioxide, represent less than 1% of Earth’s atmosphere.
like all living things, have to carry out respiration to stay alive. Respiration converts
sugar and oxygen into energy, releasing						
and water in the
process.
Most plants cannot survive in total darkness because they need light to produce the sugars they
need to have energy to grow. This process is called		
and uses light to convert
carbon dioxide and water into sugar and oxygen. Photosynthesis is the number one source of oxygen
in the			
.
2. The arrows in the images below represent two processes that occur in plants: photosynthesis
and respiration. Colour in the boxes below with the same colour used to represent each process
in the image: red or blue.

oxygen

carbon dioxide

oxygen

oxygen

carbon dioxide

Photosynthesis

Respiration
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STUDENT WORKSHEETS

ASTROFARMER

In this activity, you will investigate what happens to plants when they have no sunlight.

Exercise

1. Put soil in two identical pots.

2. Label the pots 1 and 2.

1

4. Cover the cress seeds
with a bit of soil.

3. Plant approximately the same
amount of cress seeds in each pot.

1

1

2

5. Water both plants with
the same amount of water.

1
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2

6. Place one pot in darkness
and one in light.

2

1

19
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STUDENT WORKSHEETS

Activity 2: Do plants need light?

1

2

2. After one week observe the plants. Draw what the cress looks like in each pot. Note down the
colour and height.

1

Cress height:
Colour:				

2

cm		

Cress height:
Colour:

3. Why do you think we see these differences?
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1. Predict what will happen to your two pots. Write your predictions below and draw what you
think the plants will look like.

Water is essential for all living things, including plants. Plants get water from the soil through the
roots and transport it to the upper parts of the plant.

Exercise 1
1. Name the different parts of the plant.

2. Help the plant find the best way through the maze to transport water from the roots to the tip
of a leaf. Draw the path in blue.
3. Name 3 different functions of the roots.
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Activity 3: Do plants need water?

Let’s investigate how water is transported through a plant. Follow the instructions below:

1. Fill two glasses with water.

2. Add food dye to one of the glasses and stir.

3. Place one flower in each glass and wait one day.

24

1. What do you think will happen to the white flower in dyed water?

2. Were your predictions confirmed? What happened to the white flower in water with dye?

3. Would the result be the same if the plant had its roots intact?
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Exercise 2

STUDENT WORKSHEETS

Activity 4: Do plants need soil?
Exercise
1. Do you think plants can grow without soil? Explain your answer.

2.
•
•
•
•
•

Below are eight empty pots.
Pots 1 and 2 should be filled with soil.
Pots 3 and 4 should be filled with sand.
Pots 5 and 6 should be filled with cotton wool.
Pots 7 and 8 should be filled with paper towel.
All the even numbered pots need to have plant food added.

Draw lines connecting the materials and the pots below.

1

2

3

4

5

Plant

soil

6

7

food

plant food

cotton wool
paper towel
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8

4. Do you think the results will be different for the pots with and without plant food?

5. Do you think this is a fair test?

sses and stir.

6. In which pot do you think the plant will grow best? Why?

7. Are there any pots where you think a plant cannot grow? Why?

and wait one day.
			

Wait one week for the seeds to grow.

24

Did you know?
Astronauts have already eaten food grown in space! In August
2015, astronauts on board the International Space Station ate
their first space salad – a crop of red romaine lettuce. It was
grown in a special plant growth unit called Veggie, which
provides the lighting and nutrients. In this image, you can see
the lettuce growing.
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3. Why do you think we add plant food (nutrients) to some of the pots?

Choose the best pot for growing plants.

pot 5
Results

pot 1

pot 6
pot 2

pot 7
pot 3

pot 8

pot 4

To grow plants I would use pot
Because:
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8. After waiting one week analyse each pot. Fill in the plant below with your comments on whether
seedlings have grown, the height of the seedlings, how healthy and green they appear and how
many leaves do they have.

Plants are present almost everywhere on Earth, but they look very different! Plants can adapt
to their environment – for example some plants live in warm areas, while others need colder
temperatures.

Exercise
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3

Polar zone

Tempterate zone

Tropic zone

Tempterate zone

Polar zone

4

1

5

2

6

1. The map below shows an illustration of the Earth’s main climatic zones. Look at the pictures on
the following page and place them on the map.

STUDENT WORKSHEETS

Activity 5: Do plants need a mild temperature?

B

C

D

E

F

2. Pictures A and B have no plants at all. Explain why for each picture.
A. 							B.

Did you know?
For most plants the optimum temperature for photosynthesis is around 25°C . The
effect of temperature on plants varies widely depending on their type. Tomatoes
get into trouble when temperatures drop below 13°C or if temperatures exceed
about 36°C . Cacti on the other hand can survive in the desert where temperatures
range from below zero up to around 70 °C.
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A

Exercise 1
1. Draw what plants need to be healthy in the petals of the flower below.

Plants
need
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Activity 6: Plants in space

Exercise 2
The planet Earth has evolved to have the ideal conditions for plants to grow.
However, in space environmental conditions are very different!
Analyse the Moon facts below.

MOON FACTS
• Light: Daytime lasts about 14 Earth
days, followed by 14 Earth days of night
(darkness).
• Water: Small quantities of water ice at the
poles. No liquid water.
• Atmosphere: None
• Temperature: -233°C to +123°C
• Soil: No nutrients
• Gravity: 1/6 of Earth’s gravity

1. Do you think that plants can grow on the Moon? Why?

2. How would you suggest growing plants on the Moon?
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LINKS
ESA resources
Moon Camp Challenge
esa.int/Education/Moon_Camp
Moon animations about the basics of living on the Moon
esa.int/Education/Moon_Camp/The_basics_of_living
Paxi animations
esa.int/kids/en/Multimedia/Paxi_animations
ESA classroom resources
esa.int/Education/Classroom_resources
ESA Kids
esa.int/kids

ESA space projects
MELiSSA project
esa.int/Our_Activities/Space_Engineering_Technology/Melissa
A decade of plant biology in space
esa.int/Our_Activities/Human_Spaceflight/Research/A_decade_of_plant_biology_in_space

Extra information
Astroplant, a citizen science project to learn about plant growth
www.astroplant.io
Science at NASA: Space Gardening
youtube.com/watch?v=M7LslyCX7Jg
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ASTRO FOOD
Learning about edible plants in Space

Fast facts

Brief description

Subject: Science

In this set of activities, students will learn
about the different components of plants.
They will learn which parts of well-known
plants are edible and learn the difference
between a vegetable, a fruit and a seed. The
students will have to imagine and draw the
plant associated with the fruit/vegetable/
seed they are observing.

Age range: 6-10 years old
Type: student activity
Complexity: easy
Lesson time required: 60 minutes

They will also learn that different plants
require different growth conditions and will
give different yields. Based on this they will
consider which plants are suitable for growing
in space as a good source of nutrition for
astronauts.

Cost: low (0 – 10 euros)
Location: indoors in either classroom or school
hall
Keywords: Science, Plants, Seeds, Vegetables,
Fruits, Food

Learning objectives
•
•
•
•
•
•
•
•

Learn about the basic structure of common plants.
Identify and name a set of different plants.
Understand that living things can be grouped in a variety of ways.
Identify that humans need the right types and amount of nutrition, and get this from what they
eat.
Understand that living things depend on each other and that plants serve as a source of food.
Develop skills in identifying, classifying and grouping.
Recognise that questions can be answered in different ways.
Understand that drawing can be used to develop and share their ideas.
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Summary of activities
activity

1

title

outcome

Gather your AstroFood Identifying different edible •
plant parts from picture
cards. Grouping the cards •
in the categories fruits,
seeds and vegetables.
•
Draw your AstroFood

2

AstroFood Olympics

3

description

Drawing the complete
plant associated with a
seed, fruit or vegetable.
Considering how the size
of the plant influences its
potential as a food source
in space.
Selecting the top 3
plants to grow in space.
Learning that there are
pros and cons of different
plants. Understanding
that growth time, yield
and nutritional value are
important.

•
•

•

•
•

requirements

Identify and name a variety of
None
plants.
Identify and describe the basic
structure of common plants.
Recognise that living things can
be grouped in a variety of ways.
Identify and describe the basic
Completion of activity 1
structure of common plants.
Present their observations and
communicate their conclusions to
the class.

Identify that humans need
the right type and amount of
nutrition, and that they get
nutrition from what they eat.
Recognise how living things
depend on each other and that
plants serve as a source of food.
Explore the requirements of
plants to grow and stay alive and
how these requirements vary
from plant to plant.

time
20 minutes

20 minutes

Completion of activity 2 20 minutes

Introduction
Food is one of the most important parts of our lives because it provides the fuel that we convert into
energy. When humans venture further into space – to the Moon or Mars - they will not have access
to fresh food. Therefore, they will have to grow it themselves.
What is the best food to grow in space? Should it be mango trees, salad, potatoes or strawberries?
Would the plants grow differently in space compared to on Earth? Is there even space for trees on a
spacecraft at all?
Fruits: scientists think of a fruit as a part of a plant that contains seeds. A fruit is
not necessarily sweet. In fact, it might not be edible at all, but it is still a fruit. The
fruit gives energy to the seeds and protects them from harm. Sometimes fruits
are covered by a hard shell, like a watermelon, which is soft and juicy on the inside
but tough on the outside. Nuts are technically fruits.
Seeds contain all the material a plant needs to produce a new plant. Seeds
have shells and inside them there are “baby plants”. Most seeds “sleep” until
they are given water. When that happens, the shell softens and a small plant
begins to grow. Some seeds are tiny, about the size of a grain of dust. Other
seeds can be as big as a tennis ball!
Vegetables come in lots of different shapes and sizes. Roots, such as potatoes and
radishes, grow under the ground. Leafy vegetables grow above ground. In general,
you can think of vegetables as the edible parts of plants: roots, leaves, stems,
flowers, bulbs, etc.
When ESA and other space agencies talk about growing plants on the Moon or on Mars they always
imagine the plants in small, controlled compartments. Each plant must produce as much food as
possible while not requiring specialised growing conditions.
Food for space missions must weigh as little as possible, take up as little space as possible, be
nutritionally balanced, tasty, and preferably fast growing.
From all the plants on Earth, space agencies have to find the best candidates to be grown and eaten in
space. Some of the plants that are currently being considered for use in space by the European Space
Agency (ESA) include soy bean, potato, basil, soft white wheat, tomato, spinach, lettuce, beetroot,
onion, rice and also spirulina which is an edible bacterium.
In these activities students will analyse and select their own AstroFoods!
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Activity 1: Gather your AstroFood
In this activity, students will learn to identify different edible plant parts. Using pictures or assorted
samples they will have to recognise the differences between fruits, seeds and vegetables and group
them accordingly.

Equipment
• Student worksheet printed for each student
• Pencil / pen
• (Optional) assorted types of fruits, vegetables and seeds

Health and safety
This activity can be complemented with a tasting of different seeds, fruits or vegetables. Students’
allergies and food intolerances should be taken into account when selecting the items for the
tasting.

Exercise
Distribute the student worksheets to the class. Ask them to write a description of what seeds, fruits
and vegetables are. Then, ask the students to analyse the images in exercise 2 and write down the
names of the pictures they recognise.
To complement the activity, you could also show the students a selection of real fruits, vegetables
and seeds for them to examine.
Ask the students which pictures or samples they like to eat and which ones they do not. Ask them
which one is their favourite. If you have (edible) samples invite the students to taste them, take into
account that some students may have food allergies or intolerances. Invite the students to guess
which part of the plant it is and where in the world the plants come from.
Ask the students how many fruits/vegetables they eat per day. Talk with them about the importance
of eating vegetables and fruits because they contain minerals and nutrients that are good for our
bodies and minds.
Ask the students to group the pictures into categories based on which part of the plant people
normally eat, the seeds, the fruit, or the vegetables (leaves, roots, flowers, bulbs, etc.). Can we eat
more than one part of the plant?
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Results
The pictures available in the student worksheet are as follows:
1.
Spinach (leaves - vegetable)
10.
Potatoes (root - vegetable)
2.
Watermelon (fruit)
11.
Lettuce (leaves - vegetable)
3.
Corn (seed)
12.
Rice (seed)
4.
Tomato (fruit)
13.
Broccoli (flower - vegetable)
5.
Cabbage (leaves - vegetable)
14.
Orange (fruit)
6.
Wheat (seed)
15.
Pumpkin (fruit and seeds)
7.
Beetroot (root - vegetable)
16.
Parsley (leaves - vegetable)
8.
Peach (fruit)
17.
Carrot (root - vegetable)
9.
Peas (seeds and fruit - pea-pod)

Eat the seeds
3, 6, 12

Eat the fruit

Eat the vegetable

Eat more than one thing

2, 4, 8, 14

1, 5, 7, 10, 11, 13, 16, 17

9, 15

Discussion
You can follow up on this activity by explaining that there are many ways that plants can be grouped.
They can be grouped by size, colour, country of origin and/or season of harvesting. Categories often
have sub categories – for example the vegetables group can be sub-divided into leaves, stems, roots,
flowers, etc.
The definitions used for fruit, vegetable and seed will depend on whether you are a botanist or a
chef. Botanically speaking, a fruit is a seed-bearing structure that develops from the flowering plant,
whereas vegetables are all other plant parts, such as roots, leaves and stems. However, a lot of foods
that are (botanically speaking) fruits, but are savoury rather than sweet, are typically considered
vegetables. These include botanical fruits such as aubergine, bell peppers, pumpkins and tomatoes.
Discuss with the students that not all plants are edible, some plants are poisonous. It can be
dangerous to eat wild plants, fruits or seeds. Even familiar plants can have toxic parts. For example,
the leaves of the tomato plant are poisonous.
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Activity 2: Draw your AstroFood
In this activity, students will imagine and draw the complete plant associated with one of the images
from Activity 1. They should consider the characteristics of the plant and if it would be a good candidate
for space by taking into account its size.

Equipment
• Student worksheet printed for each student
• Paper

• Colouring pencils or colouring pens
• (Optional) internet access

Exercise
Distribute the student worksheets and assign one of the pictures from Activity 1 to each student.
Ask them to draw a picture of what they think the complete plant looks like. Invite some of the
students to present their drawings to the class.
Ask the students to compare their drawings to a real image of the plant. They can search in a book
or on the internet for a picture. Alternatively, you could provide pictures of the plants and post them
on the classroom wall for the whole class to see.
Ask the students about the characteristics of their plant. They should describe different characteristics
such as size, structure and colour. Students should then consider whether their plant is a good
candidate for growing in space.
Hang the drawings in the classroom and attach the pictures of the fruit/seed/vegetable next to
their respective plant drawing.

Results
The results will vary depending on the picture selected. On this page you’ll find three examples: rice,
orange, and potato (a seed, a fruit and a root vegetable).

Rice: It is a grass with green thin leaves. The rice plant can grow to over 1 m tall. Due to its size and the
fact the rice needs a large quantity of water, it is not the ideal plant to grow in space. Nonetheless it
is one of the space food candidates to be grown in future space greenhouses due to the high value
rice can bring to a space crew diet.
teach with space - astro food | PR41
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Orange: This fruit grows on a tree. The tree is green with many leaves and can grow up to 10 m tall.
Due to its size it would not be a good space plant.

Potato: The plant of this root vegetable is about 20-30 cm high, with green leaves. The potatoes
grow underground. It provides a large yield. It is a possible space plant.

Suitable for space

Not suitable for space

1, 4, 5, 6, 7, 10, 11, 12, 16, 17

2, 3, 8, 9, 13, 14, 15

Discussion
Invite some of the students to present their findings to the class and ask them if they think that
their plant would be a good candidate for space travel. Discuss how the size of the plant influences
how well suited it is for space. Discuss how much space would be needed to grow, for example, a
plantation of trees and explain that this would mean an enormous spacecraft / greenhouse because
plants cannot grow freely in space or on the surface of another planet.
In preparation for Activity 3 discuss some other important factors for food in space. Size is one of
the main factors, but other factors need to be considered like for example dietary value (protein and
carbohydrates), harvest, processing, medical use, cultural factors, diversity of food, volume of water
required, yield, growth timing. A decision of which plants to take to space is a compromise between
all these factors.
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Activity 3: AstroFood Olympics
In this activity, students will select their top three candidate plants for growing in space. The students
will learn that factors such as size, growth time, yield and nutritional value are important when
choosing what plants to grow.

Equipment
•
•

Student worksheet printed for each student
Scissors

•
•

Glue
(Optional) Colouring pencils

Exercise
The students can explore this activity individually or in groups.
To complete this activity, the students will have to analyse the information provided on the fact
cards available in Annex 1. The cards describe some of the characteristics of ten fruits and vegetables
from Activity 1, including the time they take to grow and a space connection.
Distribute the fact cards to the students and ask them to analyse the information on them. They
should select the three best space foods and place these cards in the circles on the rocket in their
worksheet. They can either cut out the respective pictures or draw the fruit or vegetable. Ask the
students to present their ranking to the class, and explain why they think these are the best choices.

Results
The students will have different results for this activity. Certain plants are better for specific purposes
and all answers are valid if the argument behind their choice is sound.
However, the factors that would generally be beneficial for a crop grown on a space mission are:
•
•
•
•
•

Fast growth
High yield
Tasty crop
Nutrient rich crop
Easy to grow (i.e. adapts to changing environment)

•
•
•
•
•

Non-toxic
No thorns
Inedible parts take up a small volume
Requires minimal water
Requires minimal energy

Discussion
Ask the students if they can think of
other plants that are better candidates
than the ones presented on their student
worksheets.
Debate with them which parts of different
plants they would combine to have an
optimal plant.

↑ Example answer for Activity 3.
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Conclusion
After completing these activities, students should conclude that different plants have different
advantages and disadvantages when considered as potential plants for growing on space missions.
The advantages and disadvantages are determined by their size, growth time and yield.
You can also link these conclusions to agriculture and food production on Earth.
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Learning about edible plants in Space

Activity 1: Gather your AstroFood
Exercise
Imagine you are an astronaut on the Moon. Where would you get your food from? You would have
to grow it yourself!
1. Did you know we eat different parts of plants? What is a seed, a fruit and a vegetable? Write your
description of each below

Seed:
Fruit:
Vegetable:
2.

Look at these pictures. Which ones do you recognise? Write down their names.

1. ____________________

2.________________________

3.______________________

4. ______________________

5.______________________

6.______________________

7. ______________________

8.______________________

9.______________________
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ASTROFOOD

10. ______________________

12. ____________________

15. ______________________

11.______________________

13.________________________

14.______________________

16.______________________

17.______________________

3. Of these, which one is your favourite to eat?
______________________
a. Which part of the plant do you think it is?

______________________

b. Do you know where it comes from?		

______________________

4. How many fruits/vegetables do you eat per day:

______________________

5. The pictures on the previous pages show different parts of plants. Write the numbers of the
pictures in the box you think they belong in:

Eat the seeds

Eat the fruit

Eat the vegetable (leaf, root,
stem, flower, etc.)

Eat more than one thing
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Exercise
1. Analyse the image from Activity 1 that your teacher assigned to you.
In the box below, draw what you think the complete plant looks like.

2. Compare your drawing to an image of the plant.
3. Describe the plant. Is it as you imagined it to be? Is it bigger or smaller? Does it have leaves?
What is its colour?

4. Would you grow this plant in space? Explain why.

Did you know?
There are more than three hundred thousand (300 000)
identified plant species on Earth and the list is growing all
the time! Humans use around two thousand (2 000) different
types of plants from all over the world to produce food! Do
you know where all the groceries in the supermarket come
from?
teach with space - astro food | PR41
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Activity 2: Draw your AstroFood

Select your top 3 space foods!

Exercise
1. Besides size, what other factors do you think are important when choosing a space plant?

2. Choose your top 3 plants to grow in space.

3. Explain your choice
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Activity 3: AstroFood Olympics

LINKS
ESA resources
Moon Camp Challenge
esa.int/Education/Moon_Camp
Mission X - train like an astronaut
www.stem.org.uk/missionx
Moon animations about Moon exploration:
esa.int/Education/Moon_Camp/The_basics_of_living
ESA classroom resources
esa.int/Education/Classroom_resources
ESA Kids
esa.int/kids
ESA Kids, Back to the Moon
esa.int/kids/en/learn/Our_Universe/Planets_and_moons/Back_to_the_Moon
Paxi on the ISS, Food in Space
esa.int/kids/en/Multimedia/Videos/Paxi_on_the_ISS/Food_in_space

ESA space projects
MELiSSA project
esa.int/Our_Activities/Space_Engineering_Technology/Melissa
Eden ISS
https://eden-iss.net

Extra information
Astroplant - citizen science project, supported by ESA
www.astroplant.io
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ANNEX
Potato
Solanum tuberosum

Characteristics:
Growing potato:
• Good source of energy.
• Germination time: 2-3 weeks
• Contains vitamin C (which is im- • Yield: 3 kg/m2
portant to keep skin healthy, help • Growth time: 10-12 weeks to harthe body heal cuts and fight off
vest
colds).
Space Connection:
Five small potatoes were grown from tubers in the laboratory on board the
space shuttle Columbia in 1995.

Beetroot
Beta Vulagaris

Characteristics:
Growing beetroot:
• Contains iron (which helps trans- • Germination time: 15-21 days
port oxygen throughout the
• Yield: 1.5 kg/m2
body). If we do not have enough
• Growth time: 13-15 weeks to hariron, we will start feeling tired and
vest
worn out.
• Contains calcium and vitamin A
(which keeps bones strong and
healthy).
Space Connection:
European Space Agency scientists suggest beetroot as one of their top 10
crops to take on long term space missions.

Wheat
Triticum

Characteristics:
Growing wheat:
• It is an important source of carbo- • Germination time: 0 to 2 days
hydrates.
• Growth time: 4 to 8 months to
• It can be ground to produce flour.
harvest
• It is the main ingredient of many • Germination may occur between
types of food such as bread, por4° and 37°C.
ridge, crackers and Muesli.
• It is an extremely adaptable plant,
it grows almost everywhere on
Earth.
Space Connection:
For future space missions, wheat grain could be easily stored and converted
into flour to produce diverse food products.
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Tomato
Solanum lycopersicum

Characteristics:
Growing tomato:
• Sweet flavour.
• Every part of the tomato plant,
• Consists of 95 % water.
except the tomato fruit itself is
• Contains high levels of lycopene
toxic to eat.
(which may help prevent cancer
• Grows best between 21-24 °C.
and heart disease).
• Germination time: 7-16 days
• Growth time: 10-16 weeks to
harvest
Space Connection:
An early NASA study investigated whether tomato seeds that had been in
space would grow just as well as on Earth. They did!

Parsley
Petroselinum crispum

Characteristics:
• Good for the digestive system.
• Contains vitamin C (three times
more than oranges).
• Contains iron (two times more
than spinach).
• Adds flavour to space meals.
• Natural breath freshener.

Growing parsley:
• Grows best between 22–30 °C.
• Germination time: 4-6 weeks
• Growth time: 10 weeks to harvest

Space Connection:
Parsley was one of the first plants grown in space by the Russian cosmonaut
Valery Ryumin on the Salyut 6 space station.

Cabbage

Brassica Oleracea

Characteristics:
Growing cabbage:
• One of the oldest vegetables in
• Germination time: 10 days
existence.
• Growth time: 30 weeks to harvest
• Contains vitamin K (which is good
for the bones).
• Full of fibres which are good for
our stomachs.
Space Connection:
Cabbage is prized by space nutritionists for its high content of vitamin K
contributing to bone health and dietary fibre giving a healthy digestion.
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Romaine
lettuce
Lactuca sativa

Characteristics:
Growing romaine lettuce:
• Contains vitamins A and K.
• Grows best between 16-18 °C
• The darker the lettuce, the more
• Germination time: 9 days
nutrients it has.
• Growth time: 11 weeks to harvest
• Resists cold weather (not badly
damaged by light frosts).
• Is hard to preserve – must be
eaten fresh.
Space Connection:
When NASA grew red romaine lettuce under red and blue light, it had much
more anthocyaning – good for astronauts health.

Spinach
Spinacia oleracea

Characteristics:
Growing spinach:
• High levels of iron, zinc, and vitamins • Germination time: 16 days
A and C.
• Growth time: 11 weeks to
• Plays a role in the slowdown of the
harvest
aging process.
• Helps keep the brain sharp.
• Resists hard conditions (can withstand temperatures as low as -4°C.)
Space Connection:
Students in Greece developed a solar-powered greenhouse to grow spinach
on Mars called ‘Popeye on Mars‘.

Rice

Oryza sativa or
Oryza glaberrima

Characteristics:
Growing rice:
• Rich in carbohydrates.
• Germination time: 1 to 5 days
• Contains moderate amounts of vita- • Growth time: 3 to 6 months to
min B, iron, and manganese.
harvest
• Needs a large quantity of water to
grow.
• It is one of the most widely consumed foods in the world.
Space Connection:
Rice is one of the space food candidates to be grown in future space greenhouses.

Carrot

Daucus Carota

Characteristics:
Growing carrot:
• Sweet flavour and crunchy tex• Germination time: 17 days
ture.
• Yield: 1.5 kg/m2
• Contains vitamins A, C and B6
• Growth time: 16 weeks to harvest
and potassium (which can benefit your eyes, your skin and your
heart).
Space Connection:
The high carotenoid content of carrots provides valuable antioxidants to
astronauts exposed to cosmic radiation on the ISS.
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Train Like an Astronaut:
Adapted Physical Activity Strategies
Base Station Walkback
YOUR MISSION
You will perform a walk, progressing to 1600 m (1 mi) to improve lung, heart, and
other muscle endurance. You will also record observations about improvements in
this walk-back physical endurance experience using your lungs, heart, and other
muscles in your Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 3.09.08.01 Understand the different types of direct and indirect
determinations of muscular strength, endurance, and flexibility tests for individuals
with disabilities
Activity Specific Terms/Skills
Endurance, Strength, Orientation, Mobility

SPACE RELEVANCE
When exploring space, astronauts complete many physical tasks. When on a
planetary surface, if their vehicle breaks down astronauts must be able to walk a
distance of up to 10 km (6.2 mi) back to their base station. To help NASA know
crew members are physically prepared to complete their mission tasks or perform
a walk-back procedure, astronauts train by running and lifting weights to improve
their overall physical fitness.

WARM-UP & PRACTICE
Warm-Up
Aerobics or dancing for 2 minutes
Jumping in place
Moving arms in circles
Scooters (in a relay)
Practice
Walk around for 2 minutes, increase the pace and/or distance
Move your arms for 2 minutes, increase the speed and/or time
Practice one task of the entire activity
www.trainlikeanastronaut.org

Suggested Adapted
Equipment:
Timer/ stop watch
pedometer/accelerometer
measuring wheel or tape
e xtra-large colored
counting craft sticks
stickers

Base Station Walkback
LET’S “TRAIN LIKE AN ASTRONAUT!”
Adjust steps and procedures as appropriate for participants
Instructions for individual play:
Measure a course with the following distances:
– 400 m (¼ mi), 800 m (½ mi), 1200 m (¾ mi), 1600 m (1 mi)
– This could be laps around the playground, track, gym,or your neighborhood.
At your own pace, walk, jog, or run the measured distance.
Start by trying to complete 400 m (¼ mi).
Slowly work to increase the distance by 400 m (¼ mi).
Over time, your goal should be to complete 1600 m (1 mi).
 ecord observations before and after this physical experience in your
R
Mission Journal.

TRY THIS! Some ideas for Adapted Activity
 rgometers (upper body)
E
Stationary bike
Bicycle motion with legs or arms
Modify or accumulate distances
Scooters
Use Rockport Walk Test
Swim
Vary distances or areas to walk, jog, run,
self-propel
Offer incentives (desired objects) for performer
to earn to complete distance (stickers, colored
counting craft sticks)
Use verbal cues/caller, tether rope, or sighted guide
Select brightly colored items: cones, markers; or use sound emitting
columns for performer to follow; color choice is dependent on
performers needs
Perform with assistance partner (push in wheelchair or stabilize walker in
support via hand over hand assistance)
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MISSION X: MISSION HANDOUT

YOUR MISSION:

Base Station Walk-Back

You will perform a walk, progressing to 1600 m (1 mi) to improve lung,
heart, and other muscle endurance. You will also record observations
about improvements in this walk-back physical endurance experience
using your lungs, heart, and other muscles in your Mission Journal.

Being physically active is an important way to keep your muscles
strong and your heart and lungs healthy. When you are shopping
at the mall, touring a museum, or on the way to and from class
at school, your muscles, heart, and lungs benefit. They get
stronger by being worked for long periods of time.
MISSION QUESTION: How could you perform a physical
activity that would improve lung, heart, and other muscle endurance?

MISSION ASSIGNMENT:

Endurance Training

Measure a course with the following distances:
400 m (¼ mi)
800 m (½ mi)
1200 m (¾ mi)
1600 m (1 mi)
This could be laps around the playground, track, gym,
or your neighborhood.
At your own pace, walk, jog, or run the measured distance.
Start by trying to complete 400 m (¼ mi).
Slowly work to increase the distance by 400 m (¼ mi).
Over time, your goal should be to complete
1600 m (1 mi).
Record observations before and after this physical
experience in your Mission Journal.
Follow these instructions to train like an astronaut.
www.trainlikeanastronaut.org

Base Station:
A home-base on the
moon or Mars where
astronauts will be
stationed.
Endurance:
The ability to perform
an exercise or a
physical task over a
long period of time.
Rover:
A go-cart-like vehicle
that astronauts drive
on the moon and
potentially the Mars
surface.
Walk-Back:
The task of walking
a distance up to 10
km (6.2 mi) which
astronauts must be
able to complete to
in order to return to
their base station.
English_A1

BASE STATION WALK-BACK

It’s a Space Fact:
When exploring the moon or Mars, astronauts will complete many physical tasks such as
setting up science experiments and power systems around the base and collecting rock
samples. They will also walk or drive the rover long distances in order to explore the
surface. If their rover breaks down, they must be able to walk up to a distance of 10 km
(6.2 mi) back to their base station. Astronauts are examined by research scientists in
NASA’s Cardiovascular Laboratory and they train with NASA strength and conditioning
specialists to strengthen their lungs, hearts and other muscles before their mission. This
helps NASA to know the crew member is physically prepared to complete their mission
tasks and to perform a walk-back, if necessary.

Fitness Accelerations
Sprint 100 m (110 yards) then walk 100 m (110 yards). Repeat
this four times.
Sprint intervals on a basketball court. Sprint 13 m (42 ft) touch the
floor with your hand and reverse immediately to where you
started and touch the floor. Sprint 22.6 m (74 ft) Touch the line
with your hand and reverse immediately to where you started. Do
this two times.

By improving your
ability to walk a
measured
distance, you may
find that running a
race, walking
uphill, or carrying
a heavy backpack
while walking will
become easier
over time.

Think Safety!

Repeat the above intervals, this time increase the distance by
doing the intervals four times instead of two.

Astronauts must be careful of overheating due to the
release of body heat while wearing a thick spacesuit.
Always wear appropriate clothes and shoes for walking.
Avoid obstacles, hazards, and uneven surfaces.
Remember that drinking plenty of water is important before,
during, and after physical activities.

Mission Explorations:
Perform the activity as a relay team event.
Trail walk or hike a measured distance.
Compete in “fun-runs”, races, or join a track team.
Walk with your family or friends instead of using other transportation.

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

BASE STATION WALK-BACK
Learning Objectives

Students will
 perform a walk, progressing to 1600 m (1 mi) to improve lung, heart, and other muscle
endurance.
 record observations about improvements in this walk-back physical endurance experience using
their lungs, hearts, and other muscles in the Mission Journal.

Introduction

Whether exploring the cratered moon or the rocky terrain of Mars, astronauts will require the assistance
of mechanical transportation, such as a go-cart like vehicle called the “rover”. The rover will assist with
carrying sample collections, transporting crew members, and other daily operations. NASA sets limits
(up to 10 km or 6.2 mi) on how far the rover can be driven from the base station in case of mechanical
problems. Crew members must be physically capable of a walk-back to the base station if necessary.
Before their mission, astronauts undergo training (under the supervision of NASA Astronaut Strength,
Conditioning and Rehabilitation Specialists) to ensure they are physically capable of performing normal,
as well as unexpected mission tasks, such as a “walk-back”. Walking or jogging can improve muscular
endurance and heart and lung endurance, also known as cardiorespiratory endurance. Regular
exercise on Earth, and in space, helps crew members maintain strong physical performance levels.
A major factor that can impact performance for astronauts during a walk-back is their space suit. During
exercise, the body heats up and the evaporation of perspiration is used to help reduce the body’s
temperature. In the space suit, the perspiration does not evaporate and cooling is necessary with a
liquid cooling garment (a form-fitting garment the astronaut wears under the space suit that contains
tubes with water circulating to cool the body and reduce core temperature.) NASA engineers and
scientists also make sure crew members get plenty of practice moving and "walking" in their
spacesuits. They practice numerous tasks underwater at the Neutral Buoyancy Laboratory at NASA
Johnson Space Center to simulate a reduced gravity environment.
NASA also employs different tools and types of research to better understand the physical endurance
needed for a walk-back. NASA scientists use bed rest, lying down for up to 90 days, as a way to
simulate reduced gravity. Engineers have designed a vertical treadmill to allow bed rest subjects to
walk on the treadmill from a lying down position that can simulate lunar gravity. Researchers use these
simulations to better understand how walking on the moon is similar to and different from walking on
Earth. This knowledge is important when preparing the astronauts for spaceflight and during the
development of space suits and mission plans.
Although working in a space suit cannot be avoided, physical conditioning can help crew members
perform at their best. Muscular and cardiorespiratory endurance are two components of fitness that can
be improved just by walking. Use the information below to help administer the Fit Explorer Mission
Handout and help your students train like an astronaut.

Administration

Follow the outlined procedure in the Base Station Walk-Back Mission Handout. The duration of this
physical activity can vary, but will average 15-30 minutes. In order for students to perform at their
maximum potential, positive reinforcement should be used throughout the activity.
www.trainlikeanastronaut.org
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School educators: Try using this physical activity daily as an afternoon pick me up!

Location



This physical activity should be conducted on a safe walking surface.
Students might measure the distance from their classroom to the gymnasium, cafeteria,
playground, or bus stop for use in this physical activity.

To measure distance, educators may use a walking wheel, access internet tools, or provide a wearable
pedometer to students.

Equipment


Mission Journal and pencil

Optional equipment:
o watch or stopwatch
o heart rate monitor
o pedometer
o walking wheel
Hint: If any of the data collection devices listed is new to the students, consider
familiarizing the students with that instrument a few days before the physical activity
begins.
For physical activity, students should wear loose-fitting clothing that permits freedom of movement.

Safety





Always stress proper technique while performing exercises. Improper technique can lead to
injury.
Proper hydration is important before, during, and after any physical activity.
Be aware of the signs of overheating.
A warm-up/stretching and cool-down period is always recommended.
For information regarding warm-up/stretching and cool-down activities, reference the Get Fit
and Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and
Sports at http://wwwpresidentschallenge.org/pdf/getfit.pdf.

Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use descriptors to
verbally communicate their answers.
Use the following open-ended questions before, during, and after practicing the physical activity to
help students make observations about their own physical fitness level and their progress in this
physical activity:
 How do you feel?
 How far did you get?
 What happened to your heart rate?
 Where is the energy you are using coming from?
www.trainlikeanastronaut.org
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What do your legs feel like now compared to when we first tried this physical activity?
Can you describe how your breathing changed during the physical activity?
How did your body cool itself during the physical activity?
How well would your body cool itself if you were wearing a thick coat?
What are some challenges astronauts might face in completing a walk-back to their base
station?
How might these challenges affect their ability to perform the walk-back?

Some quantitative data for this physical activity may include:
 heart rate (beats per minute)
 respiration rate (breaths per minute)
 rate of perceived exertion (on a scale of 1-10)
Some qualitative data for this physical activity may include:
 identifying amount of sweat or thirstiness
 identifying soreness in body parts

Collecting and Recording Data

Students should record observations about their physical experience with muscular and
cardiorespiratory endurance in their Mission Journal before and after the physical activity. They should
also record their physical activity goals and enter qualitative data for drawing conclusions.
 Monitor student progress throughout the physical activity by asking open-ended questions.
 Time should be allotted for the students to record observations about their experience in their
Mission Journal before and after the physical activity.
 Graph the data collected in the Mission Journal on the graph paper provided, letting students
interpret the data individually. Share graphs with the group.
Apply a little mathematics! Convert the course of one mile to feet, yards, meters, or kilometers.
(http://www.onlineconversion.com/length_common.htm)

Fitness Acceleration
 Sprint 100m (110 yards) then walk 100m (110 yards). Repeat this four times.
Students may also Sprint the distance around they gym floor. A standard elementary
gym floor measures at 22.56m (74ft) in length and 13m (42ft) wide.


Sprint intervals on a basketball court. Sprint 13 m (42 ft) touch the floor with your hand
and reverse immediately to where you started and touch the floor. Sprint 22.6 m (74 ft)
Touch the line with the hand and reverse immediately to where you started. Do this two
times. This exercise is considered to be intervals on the basketball court. 13m (42ft) is
the distance to the half court line on a standard elementary school basketball court.
22.6m (74ft) is the distance of the entire standard elementary basketball court. Remind
student about safety and not to over exert themselves. Touching the line with the hand
will force the student to slow down and not run into the wall and the end of the court at

www.trainlikeanastronaut.org

Base Station Walk-Back – Educator Guide 3/7



full speed. Running foul line to foul line is also a safety option to keep them from running
into the gym walls at full speed.
Repeat the above intervals, this time increase the distance by doing the intervals four
times instead of two.

National Standards

National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies, and
tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and others in
physical activity settings
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or
social interaction.

National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication skills to
enhance health and avoid or reduce health risks.
o 4.5.1. demonstrate effective verbal and non-verbal communication skills to enhance
health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to enhance
health.
o 5.5.4 Predict the potential outcomes of each option when making a health-related
decision.
o 5.5.6 Describe the outcomes of a health-related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
 Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and
avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve
personal health.

National Initiatives and Other Policies
Supports the Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 and may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.
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Resources
For more information about space exploration, visit www.nasa.gov.
To learn about exercise used during past and future space flight missions, visit
http://hacd/jsc.nasa.gov/projects/ecp.cfm.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
For guidelines to prevent heat-related illnesses:
National Athletic Trainers’ Association (NATA)
 Exertional Heat Illnesses (Position Statement)
http://www.nata.org/statements/position/exertionalheatillness.pdf
 How to Recognize, Prevent & Treat Exertional Heat Illnesses
http://www.nata.org/newsrelease/archives/000056.htm
American College of Sports Medicine (ACSM)
 Exertional Health Illness during Training and Competition
http://www.acsm-msse.org/pt/pt-core/template-journal/msse/media/0307.pdf
Centers for Disease Control and Prevention (CDC)
 Extreme Heat: A Prevention Guide to Promote Your Personal Health and Safety
http://www.bt.cdc.gov/disasters/extremeheat/heat_guide.asp
For guidelines for fluid replacement and exercise:
National Athletic Trainer’s Association (NATA)
 Fluid Replacement for Athletes (Position Statement)
http://www.nata.org/statements/position/fluidreplacement.pdf
American College of Sports Medicine (ACSM)
 Exercise and Fluid Replacement
http://www.acsm-msse.org/pt/pt-core/template-journal/msse/media/0207.pdf
For information on warm-up and cool-down stretches, visit:
American Heart Association (AHA)
 Warm-up and Cool-down Stretches
http://americanheart.org/presenter.jhtml?identifier=3039236
For information about rate of perceived exertion (RPE), visit:
Centers for Disease Control and Prevention (CDC)
 Perceived Exertion
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/perceived_exertion.htm
For guidelines on heart rate and exercise, visit:
Centers for Disease Control and Prevention (CDC)
 Target Heart Rate and Estimated Maximum Heart Rate
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/target_heart_rate.htm
American Heart Association (AHA)
 Target Heart Rates
http://www.americanheart.org/presenter.jhtml?identifier=4736
www.trainlikeanastronaut.org
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To measure a walking/running distance near you, visit http://www.walkjogrun.net.
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BIONIC HAND
Building a bionic hand

Fast facts

Brief description

Subject: Science, Arts

In this activity, pupils will build a bionic hand
made out of cardboard, strings, straws and
rubber bands. They will relate the bionic hand
to their own hand to understand the function
of the fingers and the importance of the
thumb, to grab or hold objects with different
shapes and forms. Pupils will also learn that
it would not be possible to move the human
hand if it was only composed of bones. The
pupils will understand how bones, muscles,
tendons and ligaments work, by comparing
them with the materials used on the bionic
hand to move the fingers.

Age range: 8-12 years old
Type: student activity
Complexity: easy/medium
Lesson time required: 60 to 90 minutes
Cost per class: low (0-10 euros)
Location: classroom

This activity is prepared for 60-90 minutes,
depending on the age of the pupils. However,
this resource can be proposed as part of
a classroom project; encompassing other
subjects of study such as arts, language, and
the human body.

Includes the use of: craft material(cardboard,
craft knifes, glue gun)
Keywords: Science, Arts, Moon, Bionics, Robotics, Human Body

Learning objectives
• Understand how the human hand works.
• Learn that science and medicine use bionic prosthetics to substitute parts of the human body that
are not working properly or are missing.
• Learn that scientists use the human body as inspiration to build tools, such as hands and arms in
hostile environments like space or the deep ocean.
• Explore and test ideas building a simple machine (bionic hand) in a group.

Health and safety
Teachers should help students cut the cardboard.
Teachers should help students handle the hot glue gun as it is potentially harmful for skin and can
cause burns.
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Summary of activities
activity
1

title

description

What is inside your hand? Students will study the
human hand.

Build a bionic hand

Students will build a
bionic hand.

Test your bionic hand

Students will test the
bionic hand preforming
different tasks.

2

3

teach with space - bionic hand | PR34

outcome

requirements

Students will learn about None
the role of the bones,
muscles and tendons in
the human hand.
Students will build a
Completion of activity 1
simple machine and
relate its function to the
human hand.
Students will understand Completion of activity 2
the importance of the
different components
of the bionic hand and
relate it to their own
hand.

4

time
15 minutes

30 to 60 minutes

15 minutes

Introduction
Bionics is the application of designs and concepts from nature to the development of systems and
technology. In medicine, bionics allows the replacement or enhancement of organs or other body
parts by human-engineered versions. For
Figure 1
example bionic prostheses allow people
with disabilities to recover some abilities.
Another example of bionics are Humanoid
robots which imitate the aspect and
functioning of humans.
Humanoid robots are proposed to
replace humans in hazardous jobs that
may cause injury or loss of life. Space is
probably one of the most dangerous and
damaging environments, in fact many
robots are already used for exploration and
exploitation of space.
↑ The ESA DEXHAND developed by the DLR Institute of Robotics and
mechatronics

In a near future, it is expected that crews
of astronauts and humanoid robots will
work together to exploit space. They will both most likely make use of bionic hands. Bionic hands
allow robots to manipulate objects made for human use. The astronauts will benefit from bionic
hands because manipulation of objects in the vacuum of space through the gloves of a spacesuit is
very fatiguing. ESA has developed the DEXHAND bionic hand to be used by robots and possibly by
astronauts (see Fugure 1).
Before starting the construction of the bionic hand lets understand how the human hand works.

The human hand

Figure 2

The human hand is a very complex structure; it contains 27 bones
and 34 muscles, along with many tendons, ligaments, nerves
and blood vessels, all of which are covered by a thin layer of
skin. Each finger consists of three bones (phalanges), which are
named according to their distance from the palm: the proximal
phalange, middle phalange and distal phalange.
The tendons connect muscles to bones, while the ligaments
attach bones to bones. The tendons that help us to move our
fingers are attached to 17 muscles that can be found in the palm
of our hands and to 18 other muscles in our forearms. The two
major actions of fingers – flexing and extending – are carried out
by flexor and extensor muscles, respectively. Flexors are joined to
the underside of the forearm and extensors are connected to the
top of the forearm.
teach with space - bionic hand | PR34
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↑ Representation of the bones in a
human hand

Activity 1: What is inside your hand?
In this activity, the students will learn about the human hand and the role of the bones, muscles, and
tendons.

Equipment

• Student worksheet printed for each pupil
• Pencil

Exercise

1. Students must trace a picture of their own hand on a piece of paper or in the student worksheet,
like in the example in Figure 3.
Figure 3

↑ Students performing the activity.

2. Students must compare their drawing with the photo of a human hand X-ray and draw the
bones of the hand inside their drawing.
3. Students must identify the finger bones and write their names on their drawing.
4. Students should observe their hands and describe the structures inside that help their hands
move. Discuss with the students the importance and role of the skin, muscles and tendons,
these concepts will be further explored when they build the bionic hand in activity 2.
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Activity 2 - Build a bionic hand
In this activity, students will learn what a bionic hand is and how it works. They will build their own
cardboard bionic hand in groups. The instructions can be found in the Appendix.

Equipment
•
•
•
•
•

Cardboard
Film tape
Glue
Scissors
Strings

• Rubber bands (thin and thick)
• Straws
• Student worksheet printed for each pupilnnex 1 printed for each group

Exercise

This activity is design to be done in a group. Split the students into groups of 2 to 3 students.
Give each group the necessary material to build a model of a bionic hand. Detailed instructions on
how to build the bionic hand are provided in Annex 1. Distribute the instructions or project them
in the classroom. Depending on the students’ age, they may need assistance cutting and gluing
the hand. To simplify the assembly the bionic hand can also be constructed using card instead of
cardboard.
After building the hand, ask
the students to test the hand
they have built, they should
observe their own hands for
inspiration. The students
must discuss the differences
and similarities between their
hands and the bionic hand
they built and record their
ideas.

Figure 4

String represent
tendons

Straws represent
bones

top reservoir

The students must also
compare their hand and
Rubber bands
fingers with the hand and represent muscles
fingers of a colleague and
discuss what happens when ↑ Students performing the activity.
they flex and extend the
fingers (with particular attention on the thumb).

Cardboard represents
skin

In questions 6 and 7, pupils must understand the function of the tendons and muscles in the human
hand. Also, the students must compare the role of the straws, the strings, and rubber bands with
the function of the muscles and tendons in their own hands, see Figure 4.
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Activity 3 - Test your bionic hand
In this activity, pupils will perform different tasks with their bionic hand and relate the movements of
the bionic hand with their own hands.

Equipment
•
•

Student worksheet printed for each pupil
Pencil

Exercise
Distribute the student worksheets. Supervise the students during their tests. In this exercise,
students should conclude which parameters and structure affects their hand’s performance (e.g.
how many phalanges, how they fold, how many fingers, etc.). Guide the students to answer the
following questions:
1. What items can you pick up with your robotic hand?
2. What would happen if you added more fingers?
3. What would happen if you took out a finger?
4. Why is it difficult to pick up certain items with your robotic hand?
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Conclusion
These activities are proposed using the IBSE (Inquiry-based Science Education) methodology.
Attending the curricula and the age of the students, these activities can be presented as standalone modules or integrated into a classroom project. An example of a classroom project of 3
(or more) classes is: ask the students to investigate, by themselves, how the human hand works
and the role of the bones, muscles and tendons, using the internet, videos, photos or other
resources; build the bionic hand; conclude the project with a visit to a natural museum, to see
the differences between human hands and animal paws.
To further explore this topic, this activity can be developed and integrated with others from the
Moon Camp kit, namely the Robotic Arm and the Human Body.
For a more complete project on the human body, students can also participate in the Mission X
– train like an astronaut challenge.
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In this activity, you will study your hand.

Exercise

1. Trace your own hand inside the box
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STUDENT WORKSHEETS

Activity 1: What is inside your hand?

Figure A2

↑ X-ray image of a human hand

3. On your drawing, identify which bones correspond to the fingers and write their names.
4. Observe your hand. Can you identify other structures in your hand besides the bones?
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STUDENT WORKSHEETS

2. Compare your drawing with the X-ray photo of a human hand shown below. Draw the bones
inside the trace of your hand.

STUDENT WORKSHEETS

Activity 2: Build a bionic hand
In this activity, you will build your bionic hand and understand how it works.

Equipment
•
•
•
•

Cardboard
Film tape
Glue
Scissors

• Strings
• Rubber bands (thin and thick)
• Straws

Did you know?
In a near future, it is expected that crews of astronauts
and humanoid robots will work together to exploit space.
They will both most likely make use of bionic hands. Bionic
hands allow robots to manipulate objects made for human
use. The astronauts will benefit from bionic hands because
manipulation of objects in the vacuum of space through the
gloves of a spacesuit is very fatiguing.

Exercise

1. Check the equipment list and confirm that you have all the necessary materials to build your
bionic hand.
2. Follow the instructions provided by your teacher. Build your bionic hand model.
3. Observe how the fingers move. Look closely at the thumb.
4. Your model must be similar to the one shown in Figure A3. Compare your bionic hand with your
hand. With your peers, discuss the differences and similarities. Record your ideas on the next
page.

Figure A3

↑ Bionic hand built in cardboard
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↑ Hand used as model for this bionic hand
(same scale)

6. Observe the next photo:
Figure A5

↑ Hand using the bionic hand.

Why is the index finger not working well?

7. Exchange points of view with your classmates about the role of each one of the materials used
to build the bionic hand, like the straws and rubber bands, and compare their role with the
function of the muscles and tendons in your hand. Write down your thoughts and conclusions.

teach with space - bionic hand | PR34

13

STUDENT WORKSHEETS

5. Observe your own hand and fingers, and/or the hand and fingers of one of your peers. Flex and
extend your fingers and thumb. Try to understand which muscles and tendons are moving when
you do so.

In this activity, you will perform different tasks with your bionic hand and test its functionality in
different situations.

Exercise
1. Within your group find the answers to the following questions. Record them below:
a. What items can you pick up with your bionic hand?

b. What would happen if you added more fingers?

c. What would happen if you removed a finger?

d. Why is it so difficult to pick up certain items with your robotic hand?
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STUDENT WORKSHEETS

Activity 3: Test your bionic hand

Fold your thumb in toward the palm of your hand. Wrap a piece of masking tape around your
hand to immobilize your thumb. If you prefer, you can use a glove to hide your thumb. Now, try
to perform several daily tasks without using your thumb.
a. Do you think you are able to tie your shoes, to button up your shirt/blouse, or to tighten your
belt?

b. Try holding a pencil. Is it easy? Do you think you can you catch a ball?

c. Can you explain why the thumb important?

3. Now imagine you are an astronaut on the Moon. What could you use a real bionic hand for?
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STUDENT WORKSHEETS

2. Now, try the following exercise:

LINKS
ESA resources
Moon Camp Challenge
esa.int/Education/Moon_Camp
Moon animations about Moon exploration
esa.int/Education/Moon_Camp/Working_on_the_Moon
ESA classroom resources
esa.int/Education/Classroom_resources
ESA Kids
esa.int/esaKIDSen

ESA space projects
ESA Automation and robotics: www.esa.int/Our_Activities/Space_Engineering_Technology/
Automation_and_Robotics/Automation_Robotics
ESA Telerobotics and Haptics lab: www.esa-telerobotics.net/
The DEXHAND is a multi-finger robotic hand designed for on orbit servicing in space:
www.dlr.de/rm/en/desktopdefault.aspx/tabid-11669/20391_read-47708/
Hand controller device: www.esa.int/Our_Activities/Space_Engineering_Technology/Hand_
Controller_Device
Moon Village: Humans and robots together on the Moon: www.esa.int/About_Us/DG_s_news_and_
views/Moon_Village_humans_and_robots_together_on_the_Moon

Extra information
Sophie’s Super Hand, an example of a 3D printed prostetic hand:
www.vimeo.com/151718118
How a robot arm in space inspired tech for surgery on Earth:
www.space.com/39899-space-robotic-arm-inspires-surgery-tool.html
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ANNEX
Instructions to construct the bionic hand
Confirm that you have all the equipment (Figure X1), which was previously listed in Activity 2.
Cut two equal large strips of cardboard (pieces 1 and 2). They should have more or less the length of
your forearm and the width of your hand. On each piece, cut symmetric triangles on both sides of
one end of the piece (Figure X2).
Figure X1

Figure X2

1
1

2
3

4

5
2

Cut Piece 3, which will be used to build the handle. Mark the cardboard with a pen or a pencil as
indicated in Figure X3 and then cut the strip as shown in Figure X4.
Figure X3

Figure X4

3
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Let’s build the fingers now. Cut 4 strips of cardboard as shown in Figure X5 from piece number 5 in
Figure X1. Round one side of their extremities (Figure X6).
Figure X5

Figure X6

Use piece 4 (Figure X1) to build the arm support and bend it 4 times as shown in Figure X7. It should
have the same width as pieces 1 and 2.
Use hot glue to attach the arm support to the uncut side of one of the two large strips (piece 1). Now
glue piece 2 to the underside of piece 1 to form the forearm (FiguresX8, X9, X10 and X11).
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Figure X8

Figure X9

Figure X10
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Figure X11

Figure X12

Use the hot glue to attach the fingers you made previously to the cut ends of the arm (Figure X12).
Glue the handle to the arm (Figures X13 and X14).
Figure X13

Figure X14

Cut the straws into small pieces, as shown in figure X15. Complete the fingers as shown in Figures
X16 and X17.
Figure X15
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Now, take a string and tie a knot big enough so
that it will not pull through the straw. Thread
the string through all of the straws on one finger
(Figure X18). At the end of the string, tie a thin
rubber band (Figure X19). Repeat this step for all
fingers (Figure X20).

Figure X17

Figure X18

Figure X19

Figure X20
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Finally, cut thick rubber bands and glue one onto each of the fingers on the other side of the hand
(Figure X21). This will help provide some resistance when moving the hand.
Figure X21

Figure X22
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Train Like an Astronaut:
Adapted Physical Activity Strategies
Building an Astronaut Core
YOUR MISSION
You will perform the Commander Crunch and Pilot Plank to improve the strength in
abdominal and back muscles. As you train like an astronaut, record your observations
about improvements in core muscle strength during this physical experience in your
Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 3.10.10.01 Understand the use of statics, dynamics, kinematics, body
axes, planes, balance, and equilibrium for studying and planning movement
activities for individuals with unique needs
Activity Specific Terms/Skills
Core, muscle strength, endurance, plank, balance

SPACE RELEVANCE
Astronauts in space must be able to twist, bend, lift, and carry massive objects.
They must have strong core muscles so they can perform their tasks efficiently
and avoid injury. In order to maintain muscle strength while in space, astronauts
practice core-building activities before, during, and after their missions. Here on
Earth these activities may include swimming, running, weight training, or floor
exercises. In space, astronauts use specialized equipment to maintain an exercise
routine to keep their core muscles fit for the job.

WARM-UP & PRACTICE
Warm-up
Wall push-ups
Toe or knee touches
Hold push-up position while stacking cups (see image)
Modify push-ups (on knees)
Demonstrate animal, yoga poses: ‘seal’ or comic book ‘Superman’ position
Use a core ball, knees @ 90 degrees; squeeze abdominal muscles
Practice: Practice skills separately and build complexity
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Suggested Adapted
Equipment:
Rigid ball
Sturdy chair or table

Building an Astronaut Core
LET’S “TRAIN LIKE AN ASTRONAUT!”
Adjust steps and procedures as appropriate for participants
Instructions for play: You will do the following activities with a partner.
Commander Crunches
Starting position: Lie on your back, knees bent, feet flat on the floor.
Chin should be pointed to the sky, arms crossed over your chest.
Procedure
Using only your abdominal muscles, lift your upper body until your shoulder
blades leave the ground. Put one hand on your abdomen to feel your muscles
working as you raise your shoulders off the floor.
Lower your shoulders down using only your abdominal muscles to complete one
crunch.
At your partners command, begin to complete as many crunches as possible in
one minute, timed or counted by your partner.
Pilot Plank
Starting position: Lie down on your stomach.
Resting on you forearms, make a fist with each hand, place your knuckles on the
floor shoulder width apart.
Using only your arm muscles, push your body off the floor supporting your
weight on your forearms and toes.
Your body should be straight as a board from your head to your feet.
Procedure
Using the muscles in your abdomen and back, stabilize your body by tightening
these muscles.
Try to keep this position for at least 30 seconds.
Switch places with your partner and follow the same procedure.
Record observations before and after this physical experience in your Mission Journal.

TRY THIS! Some ideas for Adapted Activity
 wheelchair, place hands on arm rests and lift up using arms
In
Lift legs and hold. Legs straight or bent.
In chair, lean forward 45 degrees
Lay on the floor and lift feet or legs,
E
 levated plank (various levels - using a table, a stool, bench, bar, steps- no wheels)
Isometric: squeeze abs, or lean or push against wall.
Use stopwatch to get baseline and progress by adding time.
Place ball between stomach and floor and while in plank position using hands to
walk out and back
While in push up position, alternate right and left hand crossing midline to touch
opposite shoulder, keeping plank
Peer assistance, visual cues
www.trainlikeanastronaut.org

MISSION X: MISSION HANDOUT
YOUR MISSION:

Building An Astronaut “Core”

You will perform the Commander Crunch and Pilot Plank to improve the
strength in abdominal and back muscles. As you train like an astronaut, record
your observations about improvements in core muscle strength during this
physical experience in your Mission Journal.

MISSION QUESTION: How can you perform a physical
activity that will improve abdominal and back muscles?
MISSION ASSIGNMENT:

Core Strength Training

You will do the following activities with a partner. A warm-up/stretching and
cool-down period is always recommended.
Commander Crunches
Starting position
Lie on your back, knees bent, feet flat on the floor.
Chin should be pointed to the sky, arms crossed over your chest.
Procedure
Using only your abdominal muscles, lift your upper body until your
shoulder blades leave the ground. Put one hand on your abdomen to
feel your muscles working as you raise your shoulders off the floor.
Lower your shoulders down using only your abdominal muscles to
complete one crunch.
At your partners command, begin to complete as many crunches as
possible in one minute, timed or counted by your partner.
Pilot Plank
Starting position
Lie down on your stomach.
Resting on you forearms, make a fist with each hand, place your
knuckles on the floor shoulder width apart.
Using only your arm muscles, push your body off the floor supporting
your weight on your forearms and toes.
Your body should be straight as a board from your head to your feet.
Procedure
Using the muscles in your abdomen and back, stabilize your body by
tightening these muscles.
Try to keep this position for at least 30 seconds.
Switch places with your partner and follow the same procedure.
Record observations before and after this physical experience in your
Mission Journal.
Follow these instructions to train like an astronaut.
www.trainlikeanastronaut.org

Back and abdominal
muscles are known as
the core muscles. They
protect your spine,
maintain proper
posture, and transfer
energy through your
body for powerful
movements such as
swinging and throwing.
These muscles work
together as you sit up
or lie down in bed,
turn your body, pick up
an object, and stand
still. Core muscles
also work together to
maintain posture while
wearing a heavy
backpack.
By improving the
strength of your core
muscles, you will find
it easier to stabilize
your body, maintain
proper posture, and
prevent injury. With
strong core muscles,
you may find that you
have better posture,
can balance extra
weight easier, and you
might have better
agility for sudden
movements during
sports activities.
English_A9

BUILDING AN ASTRONAUT CORE

It’s a Space Fact:
Just like on Earth, astronauts in space must be able to twist, bend, lift, and carry
things. They must have strong core muscles so they can perform their tasks
efficiently and avoid injury. During missions in space they need to bend their
body and hold it straight for extended periods of time. Astronaut’s muscles get
smaller and weaker over time in a microgravity environment. In order to maintain
muscle strength they practice core-building activities before, during, and after
their missions. Here on Earth, these activities may include swimming, running,
weight training, or floor exercises. In space, they use specialized equipment
similar to what you would find here on Earth to keep an exercise routine that will
keep their core muscles fit for the job.

FITNESS ACCELERATION:

Stabilize:
To keep something
at the same level; to
maintain that level.
Posture:
A position the body can
assume; standing,
sitting, kneeling, or lying
down.
Repetition:
A motion that is repeated
and usually counted.
Forearm:
The part of the human
arm extends from the
elbow down to the wrist;
lower arm.
Spine:
Consists of the spinal
cord, vertebrae and
discs; supports an
animal’s body.

Increase the number of Commander Crunches in one minute.
Increase the time in which the Commander Crunches and Pilot Plank are performed.
Repeat the Commander Crunch activity only this time do not cross your
arms. While holding the medicine ball over your abdomen, do as many crunches as
possible in one minute.
Safety: Do not rest the medicine ball on your abdomen. Also, be sure your partner
is close by in case you need assistance.
Repeat the Pilot Plank activity only this time, extend one leg to the side. Hold your
leg out for 30 seconds. Repeat this activity with the opposite leg. Alternate extending
each leg to the side.
Try the Mission Specialist Side Heel-Touches as instructed by your teacher.

Think Safety!

Core:
The muscles that
stabilize, align, and
move the trunk of the
body; the abdominal
and back muscles.

Test Yourself!

Astronauts know that it is important to safely strengthen their
core muscles in order to protect themselves from injury.
Breathe normal throughout these physical activities.
Concentrate on the core muscles when performing each exercise.
Move carefully until you become acquainted with the movement.
STOP immediately if you experience any pain or discomfort.
Avoid uneven surfaces. To avoid injury, perform these activities
on a soft but firm surface.

Mission Explorations:
Explore a jungle gym, placing emphasis on climbing, swinging from a
bar, or hanging from a ladder following the rungs to the other side.
Play a team sport such as kickball or soccer to build core strength.
Participate in activities that concentrate on core muscles such as yoga,
Pilates, gymnastics, and diving.
Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

BUILDING AN ASTRONAUT “CORE”
Learning Objectives
Students will:
 perform the Commander Crunch and Pilot Plank to improve abdominal and back
muscle strength; and
 record observations about improvements in core muscle strength during this physical
experience in the Mission Journal.

Introduction
Did you know astronauts began training for missions as infants? As an infant, your first job in
motor control was to stabilize your core. You needed a strong upper body to keep yourself
sitting up. As an infant, even rolling from your back onto your belly required strength.
Astronauts, just like dancers and athletes, rely on their core strength every day.
Why is it important to have a strong core? Core strength is important because it powers all of
your movements. For example, the abdomen and back muscles work together to support the
spine when you sit, stand, bend over, pick things up, and exercise. It’s important to your
physical well-being as a child and as an adult to have strong core muscles.
Astronauts must have strong core muscles in order to move in the microgravity environment of
space. These core muscles allow astronauts to move equipment and supplies around the
International Space Station (ISS) and perform Extra-Vehicular Activities (EVAs) known to most
of us as spacewalks. During an EVA, astronauts are working in their spacesuits for 6 or more
hours. They must be able to move easily inside the suit as they twist, bend, and lift objects to
build and repair the ISS. EVAs are physically demanding on an astronaut’s body. Having a
strong core will aid the astronaut in completing the EVAs successfully.
It is important for astronauts on the ISS to have a workout regimen that helps keep core
muscles strong and their bones healthy. This is critical for ISS crew members because their
bodies are experiencing different conditions in space than on Earth. Humans on Earth are
always moving against the force of gravity, their muscles and bones support their body. In the
microgravity environment of space, the body does not need the support of the muscles and
bones since there is no force of gravity. Due to lack of use the bones and muscles become
weaker.
To keep their muscles and bones physically fit during their stay in space, astronauts must follow
an exercise program. Exercise is one thing astronauts can do to prevent the body from
becoming weak. This is especially important while an astronaut is in space for long duration
missions, as well as when they return to Earth. Astronauts who travel to the ISS and stay for
several months work out a minimum of six days a week for at least two hours a day. Specialized
equipment has been designed by NASA and is used by the crews to exercise on the ISS. Two
of these are the Advanced Resistive Exercise Device (ARED) and the Combined Operational
Load-Bearing External Resistance Treadmill, or COLBERT. For strength training, astronauts on
the ISS using the ARED can experience similar effects to using weights here on Earth. Each
astronaut has a customized work out on the ARED to exercise the upper and lower body.
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The COLBERT is a new generation treadmill on the ISS. It is designed to work out the walking
and running muscles that would otherwise go unused in space. COLBERT has data collection
devices that will allow researchers and scientists to see how well exercising on the treadmill can
reduce the amount of bone and muscle loss in microgravity. Astronauts are lacing up their
running shoes and getting some very important exercise time on the COLBERT.
Although space shuttle crews may require less exercise in space, exercise is still important to
keep the astronauts healthy. Space shuttle crew members stay in space for 12 to 14 days. Even
though their missions are shorter than an astronaut living on the ISS, they are still at risk of
losing bone density and muscle mass. Space shuttle crew members must also follow an
exercise routine to counteract the effects of microgravity on the body. They exercise on a cycle
called an ergometer, which is similar to an exercise bike here on Earth. They also use a
theraband and theratubing for strength training. These create resistance to work out the
muscles, similar to lifting weights here on Earth. Although space shuttle missions are shorter
than an ISS mission, it is extremely important for astronauts to follow their exercise plans to
keep the bones and muscles healthy for their return to Earth. Exercise in space is essential to
an astronaut’s health whether in space for a six days or six months.

Administration
Follow the outlined procedure in the Building an Astronaut “Core” Mission Handout. The
duration of this physical activity can vary, but will average 10-15 minutes per class. In order for
students to perform at their maximum potential, positive reinforcement should be used
throughout the activity.

Location
This physical activity should be conducted on a flat, dry surface free of rocks, dirt, or other
obstacles.

Set-up
Students should be at least an arms length apart from each other.

Equipment



Mission Journal and pencil
Watch or stopwatch
If a watch or stopwatch is unavailable, introduce a counting technique for record
keeping, for example:
 Repeat each of the following words to equal one second of time:
o One Mississippi, two Mississippi, three Mississippi, etc
o One hippopotamus, two hippopotamus, three hippopotamus, etc
 Keep cadence with a metronome
o Sync the metronome with the second hand on a stopwatch, clock, or watch
o Lightly tap your thigh to the beat of the metronome
o Each tap, or beat, will equal one second
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Safety








Remind students to continue breathing normally while conducting each part of the
physical activity.
Always stress proper technique while performing exercises. Improper technique can lead
to injury.
Avoid uneven surfaces.
Wear appropriate clothes and shoes that allow you to move freely and comfortably.
Proper hydration is important before, during, and after any physical activity.
Be aware of the signs of overheating.
A warm-up/stretching and cool-down period is always recommended.
For information regarding warm-up/stretching and cool down activities, reference the Get Fit and
Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and Sports at
http://www.presidentschallenge.org/pdf/getfit.pdf.

Monitoring/Assessment
Ask the Mission question before students begin the physical activity. Have students use
descriptors to verbally communicate their answers.
Use the following open-ended questions before, during, and after practicing the physical
activity to help students make observations about their own physical fitness level and their
progress in this physical activity:








How do you feel?
What muscles do you feel you are working?
The most appropriate answers would include:
o abdominal muscles
o leg muscles
o back muscles
Which part of the physical activity seems most difficult? Why?
What are your abdominal and back muscles together commonly called?
o core muscles
What happens to muscles in space?
o muscles weaken
Why might astronauts need strong core muscles in space?
The most appropriate answers would include:
o To perform spacewalks, or EVAs.
o Movement or maneuvering through hatches or modules.
o Lifting, bending, twisting, turning, and carrying during EVAs or daily tasks in
spaceflight.

Some quantitative data for this physical activity may include:
 number of crunches performed
 amount of time the plank is held
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rate of perceived exertion (on a scale of 1-10)

Additional qualitative data for this physical activity may include:
 identifying soreness in body parts
 identifying shakiness
 sweating
 shortness of breath
 ability to complete tasks

Collect, Record, and Analyze Data
Students should record observations about their physical experience with improving abdominal
and back muscle strength in their Mission Journal before and after the physical activity. They
should also record their physical activity goals and enter qualitative data for drawing
conclusions.




Monitor student progress throughout the physical activity by asking open-ended
questions.
Time should be allotted for the students to record observations about their experience in
their Mission Journal before and after the physical activity.
Graph the data collected in the Mission Journal on the graph paper provided, letting
students analyze the data individually. Share graphs with the group.

Students should practice the Mission Handout physical activity several times before progressing
or trying the related Fitness Acceleration and Mission Explorations.

Fitness Acceleration







Increase the number of Commander Crunches performed in one minute.
Increase the time in which the Commander Crunches are performed. Increase the time
in which the Pilot Plank is performed.
Try the Commanders Crunch activity again. This time do not cross your arms. Pick up a
medicine ball and do as many crunches as possible in one minute holding the medicine
ball over your abdomen, but do not rest the medicine ball on your abdomen.
During the Pilot Plank, take one leg and extend to the side. Hold your leg out for 30
seconds. Try this with both legs, one leg at a time.
Try the Mission Specialist Side Heel-Touches.
o Mission Specialist Side Heel-Touches
 Starting position
o Get in the same starting position as the Commander Crunch. This time have
your arms out by your side and your knees bent no less than 45º and no
greater than 90º.
 Prep position
o Tighten your abdominals and raise your shoulder up slightly.
o Use the same technique as in doing a Commander Crunch.
 Procedure
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Hold this height and bend sideways slightly to the left.
Bring your left hand off the floor and touch your left heel.
Come back to center.
Replace your left hand on the floor.
Hold this height and bend sideways slightly to the right.
Raise your right hand off the floor.
Touch your right hand to your right heel.
This is one completed repetition.
Do as many repetitions as possible for one minute, timed or counted by your
partner.
 Switch places with your partner and follow the correct procedure to complete
Mission Specialist Side Heel-Touches.
Record observations before and after this physical experience in your Mission Journal.
Follow these instructions to train like an astronaut.
o
o
o
o
o
o
o
o
o



Mission Explorations




Explore a jungle gym, placing emphasis on climbing, swinging from a bar, or hanging
from a ladder and following the rungs to the opposite side.
Play a team sport such as kickball or soccer to build core strength.
Participate in activities that concentrate on the core muscles such as yoga, Pilates,
gymnastics, and diving.

National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies,
and tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and
others in physical activity settings.
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression,
and/or social interaction.
National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication
skills to enhance health and avoid or reduce health risks.
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4.5.1. Demonstrate effective verbal and non-verbal communication skills to
enhance health.
Standard 5: Students will demonstrate the ability to use decision-making skills to
enhance health.
o 5.5.4 Predict the potential outcomes of each option when making a health related
decision.
o 5.5.6 Describe the outcomes of a health related decision.
Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance
health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors
and avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or
improve personal health.
o







National Health Education Standards:
Standard F: Science in Personal and Social Perspectives
 Personal health (K-8)
Standard B: As a result of the activities in grades K-4, all students should develop an
understanding of:
 Properties of objects and materials
 Position and motion of objects

National Initiatives and Other Policies
The Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.

Resources
For more information about space exploration, visit www.nasa.gov.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge:
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles:
http://www.knowitall.org/nasa/connect/index.html
NASA Connect™ The Right Ration of Rest: Proportional Reasoning:
http://www.knowitall.org/nasa/connect/index.html
NASA Connect™ Better Health From Space to Earth
http://www.knowitall.org/nasa/connect/index.html
For information on maintaining good posture:
http://www.spine-health.com/topics/conserv/posture/posture02.html
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For guidelines for fluid replacement and exercise:
National Athletic Trainer’s Association (NATA)
http://nata.org/
 Fluid Replacement for Athletes (Position Statement):
http://www.nata.org/statements/position/fluidreplacement.pdf
For information on warm-up and cool-down stretches, visit:
American Heart Association (AHA)
 Warm-up and Cool-down Stretches:
http://americanheart.org/presenter.jhtml?identifier=3039236
For information about rate of perceived exertion (RPE), visit:
Centers for Disease Control and Prevention (CDC)
 Perceived Exertion:
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/perceived_exertion.htm

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program
Education and Outreach team with thanks to the subject matter experts who contributed their
time and knowledge to this NASA Fit Explorer project.
Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
David Hoellen, MS, ATC, LAT
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
Daniel L. Feeback, Ph.D.
Head, Muscle Research Laboratory
Space Shuttle and Space Station Mission Scientist
NASA Johnson Space Center
Carwyn Sharp, Ph.D.
ECP Project Scientist, Biomedical Research & Countermeasures Projects
NASA Johnson Space Center
Linda H. Loerch, M.S.
Manager, Exercise Countermeasures Project
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/projects/ecp.cfm
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MISSION X MISSION HANDOUT
An ESA Mission X - Train Like an Astronaut Mission Handout

YOUR MISSION:

Let’s Climb A Martian Mountain

You will perform a climb training activity on wall bars or a rock wall to
improve your sense of balance and coordination and strengthen your
muscles. Space explorers in a far future might need to be good and stable
climbers to explore mountainous landscapes on planets in our Solar System,
like the impressive volcanoes on the Martian surface.
Being agile requires the ability to be efficient when moving, able to react and
adapt your movement quickly, with the correct sense for strength and speed
as well as balance and coordination. Some daily activities that require agility
include walking up and down stairs, going through an obstacle course, hiking
outdoors, or playing tag. To climb, you need to stay focused and be self
confident.

MISSION QUESTION:
How could you perform a physical activity that will improve your sense of
balance, muscle strength and ability to reach an objective?

MISSION ASSIGNMENT:

Climbing Training

To perform the exercise, you will need to be in a gym equipped with
series of inclined wall bars or rock wall and a mat.
Climbing:
Climb the wall bar/ rock wall as high as you can, following
your teachers’ recommendations.
Touch the highest bar.
Descend the wall bar/ rock wall jumping:
Sit on a bar or step of the ladder or rock wall.
Hang from the step of the ladder or rock wall and keep
hanging.
Jump and stay still.
Record observations before and after this physical experience in your
Mission Journal.

Climbing improves upper
body strength, which is
extremely important for the
stability of your body, a
better posture, balance, and
participate in most kind of
sports. Improving agility will
make it easier for you to
move around objects
quickly and safely. Reaching the top of your climbing
path can help you enhance
your self confidence by
completing a goal. Climbing
increases body awareness
and mental discipline, which
is important in everyday life,
also when studying or
focusing on a subject.

Follow these instructions to train like an astronaut.
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LET’S CLIMB A MARTIAN MOUNTAIN

It’s a Space Fact
During the basic training and sometimes in preparation of a space mission, astronauts perform activities
aimed at strengthening upper body muscles, whole body stability and balance, flexibility and agility.
European Space Agency (ESA) astronauts mostly train on artificial walls, however climbing can also be
done outside on the rock or in a climbing garden with challenging stations several meters of the ground.
ESA astronaut Paolo Nespoli is keen on rock climbing and he is not the only one. NASA astronaut Scott
Parazynski said that ‘one of the best ways to prepare for a spacewalk is rock climbing. It takes a lot of
strength and endurance’. Similarly in preparation for a space mission, also climbing activities requires a
training, mental focus and physical fitness.
Planets of the Solar System feature impressive mountains: Olympus Mons is the tallest mountain on Mars
and in the Solar System: it is 3 times as tall as Mount Everest!

Fitness Acceleration
Climb and descend the bar wall or rock wall 3 times in a row.
When descending the bar wall or rock wall, do it from the back side of the
bar wall or backwards on the rock wall. How difficult is this to complete?

Agility:
The ability to quickly
and easily change the
position of your body.
Muscle Strength:
Ability to overcome a
force/resistance by
contracting your
muscles.
Self Confidence:
To believe in yourself, to
believe that you are
able to accomplish what
you set out to do, to
overcome obstacles
and challenges

Think Safety!

When climbing the bar wall or rock wall, do it from the back side of the
bar wall.

Scientists and Astronaut Strength, Conditioning & Rehabilitation
(ASCR) Specialists working with the astronauts must make sure they
have a safe environment in which to practise, so that the astronauts
can’t get injured.
A warming-up and cooling-down period is always recommended.
Avoid obstacles, hazards, and uneven surfaces.
Wear appropriate attire for cycling such as a helmet and knee and
elbow pads that allow you to move freely and comfortably to climb
in Jump from a height you feel comfortable with and always under
your teacher’s supervision.

Mission Explorations
Find a gym which is equipped with climbing artificial walls for children to
try the true experience of climbing.
Try to climb a rope: many gyms are equipped with hanging ropes. How
high can you go?
Organize a hiking trip to the mountains.

Status Check: Have you updated your Mission Journal?
An ESA Mission X - Train Like an Astronaut Mission Handout

Train Like an Astronaut:
Adapted Physical Activity Strategies
Crew Assembly Training
YOUR MISSION
As a team, you will assemble a puzzle quickly and correctly to understand
the importance of dexterity and hand-eye coordination; you will also practice
communication and problem-solving skills. Observations of your dexterity and
hand-eye coordination will be recorded in your Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 10.01.03.03 Understand how to effectively analyze progress and provide
feedback to individuals with disabilities using a task style teaching method.
Activity Specific Terms/Skills
Team work, communication, problem-solving skills, dexterity, hand-eye
coordination, endurance

SPACE RELEVANCE
Humans get tired while working in space and they fatigue over the course of Extra
Vehicular Activities (EVAs.) To protect against the hostile environment of space,
EVA gloves are pressurized and have multiple layers. The gloves have a tactile feel
that resembles ice hockey gloves. Astronauts must have strong muscles and endurance
to overcome the bulk and pressure inside the suit.

WARM-UP & PRACTICE
Warm-up
Play patty cake wearing gloves
Lift familiar objects
Compete in a relay wearing gloves
(pick-up ball and Frisbee)

Practice: Practice skills separately
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Suggested Adapted
Equipment:
Various large puzzles
Functional task board
Assorted building blocks
or clips

Crew Assembly Training
LET’S “TRAIN LIKE AN ASTRONAUT!”
Individual Play
Wearing various gloves, put together a puzzle or task items (such as using a
screwdriver to turn a screw)
Team relay procedure:
Two crew members will start at home base.
Have one crew member be the time keeper.
One crew member will open the container of puzzle pieces and distribute them
equally to all crew members.
After distribution of puzzle pieces, crew members should put on two pairs of
gloves. The first pair of gloves should tightly cover the hands. The second pair
of gloves will be worn on top of the first pair and should be thicker, for instance
ski gloves.
Crew members holding pieces labeled “A” will go to their assembly area and
assemble the outer edge of the puzzle. They are assembling the puzzle face up,
not letters up.
Once all the “A” pieces are assembled, all crew member will return to their
home base and tag team members.
Crew members holding pieces labeled “B” will go to the assembly area and
assemble the next layer moving inward of the puzzle.
Once all the “B” pieces are assembled, crew members will return to home base.
If your team has a “C” puzzle piece and letters beyond, continue piecing
together the puzzle in alphabetical order until the puzzle is complete, and all
crew members have returned to home base.
The time keeper will record how long it took your team to complete the puzzle.
Record observations before and after this physical experience in your
Mission Journal

TRY THIS! Some ideas for Adapted Activity
Puzzle with knobs and shape puzzle, zipper board, latch board

Velcro
pieces (three-dimensional objects)
Attach objects to a larger surface like a table or wall
Perform a simple assembly task like a “Jewelry Box”
Pick up sticks/jacks, large bricks or blocks
Place braille on puzzle pieces
Verbal cues or hand-over-hand
Shorten or eliminate distances to carry pieces
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YOUR MISSION:

Crew Assembly

As a team you will assemble a puzzle quickly and correctly to understand the
importance of dexterity and hand-eye coordination; you will also practice
communication and problem-solving skills. Observations of your dexterity
and hand-eye coordination will be recorded in your Mission Journal.
MISSION QUESTION: How can you perform a skill-based activity that
demonstrates the importance of dexterity and hand-eye coordination while
practicing communication and problem-solving skills?
MISSION ASSIGNMENT:

Dexterity Skill Training and Problem Solving
You team’s goal is to complete your puzzle before the other teams.
Relay procedure:
Two crew members will start at home base.
Have one crew member be the time keeper.
One crew member will open the container of puzzle pieces and distribute them
equally to all crew members.
After distribution of puzzle pieces, crew members should put on two pairs of
gloves. The first pair of gloves should tightly cover the hands. The second pair
of gloves will be worn on top of the first pair and should be thicker, for instance
ski gloves.
Crew members holding pieces labeled “A” will go to their assembly area and
assemble the outer edge of the puzzle. They are assembling the puzzle face
up, not letters up.
Once all the “A” pieces are assembled, all crew member will return to their
home base and tag team members.
Crew members holding pieces labeled “B” will go to the assembly area and
assemble the next layer moving inward of the puzzle.
Once all the “B” pieces are assembled, crew members will return to home base.
If your team has a “C” puzzle piece and letters beyond, continue piecing
together the puzzle in alphabetical order until the puzzle is complete, and
all crew members have returned to home base.
The time keeper will record how long it took your team to complete the puzzle.
Record your time in your Mission Journal and compare with other teams.
Record observations before and after this skill-based experience in your
Mission Journal.

Improvements in
dexterity and handeye coordination
allow easy and quick
assembly of objects.
It builds muscle
endurance while
controlling hand
movements, which
allows the assembly
of objects or
equipment for a
longer period of time
without experiencing
exhaustion. When
you are assembling
a bicycle or a
detailed object like
a model airplane
dexterity and handeye coordination
are important.

Follow these instructions to train like an astronaut.
www.trainlikeanastronaut.org
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CREW ASSEMBLY

It’s a Space Fact:
NASA is developing dexterous robotic hands for an exploration robot named
Robonaut that is designed to be used for EVA tasks. Robonaut was designed by the
Robot Systems Technology Branch at NASA's Johnson Space Center in Houston,
Texas. While designing Robonaut, the central effort was to build a machine with
dexterity that exceeds that of a human astronaut. It is imperative that Robonaut have
range of motion, strength, and endurance. Robonaut’s hands are able to fit into all
required places and operate EVA tools. The dexterous hands can maintain a stable
grasp while manipulating an object, like a tool. The use of Robonaut with dexterous
robotic hands will expand NASA’s capabilities for construction and discovery.
People rely on dexterity and hand-eye coordination to add smaller pieces to
larger objects during construction; examples include piecing together puzzles,
building models, putting together toys or using tools to assemble a product.

Fitness Acceleration

Dexterity:
Skill and grace
during physical
movement;
especially when
using hands to
handle pieces or
small objects.
Coordination:
Using your muscles
together to move
your body the way
you want.

Think Safety!

Endurance:
Ability to perform
an exercise or a
physical task over
a long period
of time.

Increase the amount of puzzle pieces per puzzle to 50, 100, 200 or 250.
Construct your puzzle while your crew members are in another room giving
you instructions through radio communication.
During the relay, trade puzzles with another group and continue their work;
completing a puzzle that is different from your original puzzle.
Create different scenarios by adding creative new rules instructed by
your teacher.

Astronauts must practice assembling devices on Earth so
they can successfully assemble objects in space.
Keep all your puzzle pieces together.
Avoid uneven surfaces.
Use communication skills properly.

Mission Explorations:
Build larger objects using building blocks or connecting pieces.
Use tools to assemble a bicycle or glue to assemble a model with
adult supervision.
Create something new from recyclable materials such as milk jugs,
food containers, or empty boxes.
Assign country names to the teams working together, modeling after
the International Space Station partners. Create a flag to replicate
your team’s country flag and provide five facts about your team’s
country on the back of your flag.

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

CREW ASSEMBLY
Learning Objectives
Students will:
 assemble a puzzle quickly and correctly to demonstrate the importance of dexterity and handeye coordination while also improving communication and problem-solving skills; and
 record observations about improvements in dexterity and hand-eye coordination during this skillbased experience in the Mission Journal.

Introduction
Astronauts must go through rigorous training to get in shape for being in space. It takes many NASA
team members working together to help train astronauts for the challenges of space. Teamwork is
essential and all NASA team members, whether in space or on Earth, work together to make sure each
mission is successful.
Astronauts are required to put many objects and devices together as part of their missions. Sometimes
large objects in space, such as satellites or the Hubble Space Telescope, are already assembled but
require repairs. There are also small objects that astronauts must manipulate during the assembly of
the International Space Station (ISS). Sometimes astronauts have to do space walks, or ExtraVehicular Activities (EVAs), to accomplish these tasks. EVAs are carried out on the ISS for continued
assembly and maintenance of the vehicle. Astronauts perform a number of planned repairs and
maintenance to restore and upgrade the ISS.
When assembling or maintaining objects in space, astronauts must have good dexterity and hand-eye
coordination and work as a team. They must also be able to manipulate tools and objects while wearing
a pressurized spacesuit that includes gloves over their hands. These gloves, worn to protect astronauts
from the space environment, can be thick and bulky. They are made so astronauts on an EVA can
move their fingers as easily as possible. A piece called a bearing connects the glove to the sleeve
allowing the wrist to turn. They must learn to work with their gloves on to handle both large and small
objects.
To help prepare astronauts for working in a spacesuit and manipulating objects during an EVA, they
train in the Neutral Buoyancy Lab (NBL). The NBL is a large pool containing equipment and mock-ups
similar to what an astronaut would experience in space. The NBL is 40 feet deep, 202 feet long, 102
feet wide, and contains 6.2 million gallons of water. It is primarily used to train astronauts for EVAs by
simulating microgravity conditions.
Astronauts work with certified divers who are instructors at the NBL. These NBL instructors train suited
astronauts how to open hatches, use tools, and move in a simulated weightless environment. Dexterity
and hand-eye coordination play a major role in performing the training tasks effectively. During NBL
training the EVA astronaut wears a training version of the EVA spacesuit designed to be worn
underwater. Astronauts only have 6-7 hours of life support during an EVA, so timing, efficiency and
teamwork is very important while working in space. As astronauts practice manipulating tools quickly
and accurately in their spacesuits they are improving their dexterity and hand-eye coordination for a
space mission.
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Administration
Follow the outlined procedure in the Crew Assembly Mission Handout. The duration of this physical
activity can vary, but will average 15-30 minutes per class. In order for students to perform at their
maximum potential, positive reinforcement should be used throughout the activity.

Location


This activity will be best conducted indoors on a flat surface such as on a table or on the floor.

Set Up
Puzzle preparation:
 Assemble a puzzle of at least 25 pieces on a piece of cardboard.
 Once assembled, lay an additional piece of cardboard on top of the puzzle.
 Place one hand on each cardboard piece. Flip the completed puzzle over upside-down. The top
cardboard is now resting on the bottom piece of cardboard.
 Remove the cardboard that is now on top. You should see the back of the puzzle.
 With a permanent marker, label the pieces of the outer ring of the puzzle with the letter “A”.
 Then, mark each puzzle piece within the next inner ring with the letter “B”.
 Continue labeling each ring of puzzle pieces with subsequent letters of the alphabet until all the
pieces are labeled. During the activity, make sure the crew members are assembling the puzzle
face up, not letters up.
 Repeat the steps above with all of the puzzles.
 Disassemble the puzzles, putting each puzzle into its own separate container.
Game preparation:
 Designate a starting area, or home base, and an assembly area for each crew.
o The distance between home base and the assembly area should be at least three meters
and should be the same distance for all crews.
o The assembly areas should be clean, flat surfaces for puzzle construction.
 Divide the students into two teams having two students per crew.
 Each team should decide on a space related crew name.
 All crew members will wear two pairs of gloves while conducting the mission. The first pair of
gloves should fit tight on the hands. The second pair of gloves should be thick gloves, like
working gloves or skiing gloves.
 Distribute a container of puzzle pieces to each crew. Instruct the crews to divide the pieces
equally among the crew members, making sure all the same letter pieces go to the same crew
member.
 Each team will have a stop watch to time their official puzzle construction time from start to
finish.
 Crew members are allowed to hold several puzzle pieces with different letters, but can only
assemble one letter at a time.
 Crew members are not allowed to help each other with the assembly. They must wait at home
base until it is their turn to go to the assembly area.
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Equipment








Mission Journal and pencil
Containers large enough to hold at least 25 labeled pieces of one floor puzzle
Two pairs of gloves per team member: tight fitting children’s gloves and adult size working
gloves
Note: If funds do not allow for purchase of gloves for each team member, they can share by
switching the gloves when it’s their turn. This may extend the times of the relay.
Two pieces of cardboard large enough to cover the completed puzzles
Marker
Watch or stopwatch for each team, or a clock viewable in the room

Safety
Astronauts must practice assembling devices on Earth so they can successfully assemble objects in
space.
 It is important to keep all your puzzle pieces together.
 Avoid uneven surfaces.



Use communication skills properly.

Monitoring/Assessment
Ask the Mission Question before students begin the skill-based activity. Have students use descriptors
to verbally communicate their answers
Use the following open-ended questions before, during, and after practicing the skill-based activity to
help students make observations about their own skill level and their progress in this skill-based
activity:










Was your crew successful at completing the puzzle?
How well did your crew assemble the puzzle?
How could your crew improve on the assembly of the puzzle?
How well did you communicate with other crew members?
How well did your team communicate as a whole?
What could you do to improve communication among crew members?
What did you do to work together as a crew?
What challenges did the crew face?
What are some challenges an astronaut could face in assembling an object in space?
o fatigue from assembling for hours
o poor lighting
o difficulty moving hands in space glove
o communication can be lost with the ground crew or with crew members
Some quantitative data for this skill-based activity may include:
 length of time to complete the puzzle
 total number of puzzle pieces placed correctly
Some qualitative data for this physical activity may include:
 changes in crew member positions
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description of successful communication/teamwork
puzzle completion

Collect, Record, and Analyze Data
Students should record observations about their skill-based experience in their Mission Journal before
and after the activity. They should also record their skill-based goals and enter qualitative data for
drawing conclusions.




Monitor student progress throughout the skill-based activity by asking open-ended questions.
Time should be allotted for the students to record observations about their experience in their
Mission Journal before and after the skill-based activity.
Graph the data collected in the Mission Journal on the graph paper provided, letting students
analyze the data individually. Share graphs with the team.

Students should practice the Mission Handout physical activity several times before progressing or
trying the related Fitness Acceleration and Mission Explorations.

Fitness Acceleration





Increase the amount of puzzles pieces per puzzle to 50, 100, 200, 250, etc
Construct your puzzle while your crew members are in another room giving you instructions
through radio communication.
During the relay, trade puzzles with another group and continue their work; completing a puzzle
that is different from your original puzzle
Add creative new rules:
o Ground communication was lost and now no one may speak to each other.
o Because of a suit malfunction, only the left hand can be used to place puzzle pieces.
o Not enough room in the space vehicle, therefore only one piece can be placed at a time.
o Lighting is unstable. Everyone must close an eye.

Mission Explorations





Build larger objects using building blocks or connecting pieces.
With adult supervision, use tools to assemble a bicycle or glue to assemble a model.
Create something new from recyclable materials such as milk jugs, food containers, or empty
boxes.
Assign country names to the teams working together, modeling after the International Space
Station partners. Create a flag to replicate your team’s country flag and provide five facts about
your team’s country on the back of your flag.
o

This exploration will help students understand how countries are working in teams and
collaborating to build the space station. Along with this, students can study about the
different countries their teams are from. Students may also learn about the different flags
from these countries.

o

International Space Station partners: USA, Russia, Japan, Canada, France, Germany, Italy,
United Kingdome, Spain, Belgium, Netherlands, Switzerland, Sweden, Denmark, Ireland,
Norway, Austria, Finland Portugal, Greece, Luxembourg, and the Czech Republic.
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National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies, and
tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and others in
physical activity settings.
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or
social interaction.
National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication skills to
enhance health and avoid or reduce health risks.
o 4.5.1. Demonstrate effective verbal and non-verbal communication skills to enhance
health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to enhance
health.
o 5.5.4 Predict the potential outcomes of each option when making a health related
decision.
o 5.5.6 Describe the outcomes of a health related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
 Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and
avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve
personal health.
National Science Education Standards:
Standard F: Science in Personal and Social Perspectives
 Personal health (K-8)
Standard B: As a result of the activities in grades K-4, all students should develop an understanding of:
 Properties of objects and materials
Position and motion of objects

National Initiative
Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of 2004 may be
a valuable resource for your Student Health Advisory Council in implementing nutrition education and
physical activity.
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Resources
For more information about space exploration, visit www.nasa.gov.
To learn about exercise used during past and future space flight missions, visit
http://hacd.jsc.nasa.gov/projects/ecp.cfm
NASA spacesuits
http://www.nasa.gov/audience/foreducators/spacesuits/home/index.html
Access fitness-related information and resources:
www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
NASA Connect™ The Right Ration of Rest: Proportional Reasoning:
http://www.knowitall.org/nasa/connect/index.html
NASA Connect™ Better Health From Space to Earth
http://www.knowitall.org/nasa/connect/index.html
Kids Health Staying Healthy
http://kidshealth.org/kid/stay_healthy/index.html
PBS Parents-Fitness
http://www.pbs.org/parents/fitness/
Action for Healthy Kids
http://www.actionforhealthykids.org/
Healthy Kids Challenge
http://www.healthykidschallenge.com/
For more information on Robonaut:
http://robonaut.jsc.nasa.gov/

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program Education and Outreach
team with thanks to the subject matter experts who contributed their time and knowledge to this NASA Fit
Explorer project.

Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
David Hoellen, MS, ATC, LAT
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
Linda H. Loerch, M.S.
Manager, Exercise Countermeasures Project
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/projects/ecp.cfm
http://www.nasa.gov/centers/johnson/home/treadmill.html
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Train Like an Astronaut:
Adapted Physical Activity Strategies
Crew Strength Training
YOUR MISSION
You will perform body-weight squats and push-ups to develop upper and lower body
strength in muscles and bones. You will also record observations about improvements
in strength training during this physical experience in the Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 2.01.08.01 Understand variance in “motor milestones” such as typical or
average age of achievement for individuals with disabilities – Implement activities
that strengthen postural muscles and extremities necessary for locomotion.
Activity Specific Terms/Skills
Squats, push-ups, bone and muscle strengths, cardiac vascular, repetition, endurance,
team work, resistance, heart rate

SPACE RELEVANCE
Astronauts must perform physical tasks in space that require strong muscles and
bones. In a reduced gravity environment, muscles and bones can become weak, so
astronauts must prepare by strength training. They work with NASA strength and
conditioning specialists on Earth and continue to work in space to keep their muscles
and bones strong for exploration missions and discovery activities.

WARM-UP & PRACTICE
Warm-up
Assistance/Supported squat or activities that mimic a squat:
Shooting a basketball, Bowling, Dancing
Step-up, Wall push-ups, Walk stairs, Rowing
Practice:
Use hand or wrist weight
Tug-of-war
Resistance exercises (stand face-to-face, gently pushing against each
other’s palms)
On back, perform straight or bent leg lifts; the Dead Bug movement
Demonstrate animal poses: ‘seal’, ‘bear crawl’, or yoga poses: comic book
‘Superman’ position etc., have performer attempt and hold for desired count
www.trainlikeanastronaut.org

Suggested Adapted
Equipment:
t hera-bands/resistant
bands or cords
hand weights
weight bars
canned goods weight
lifting
medicine balls

Crew Strength Training
LET’S “TRAIN LIKE AN ASTRONAUT!”
Individual Play (Adjust steps and procedures as appropriate for participants. After each
activity, rest for 60 seconds)

Body weight squats:
Using only your body weight, perform a squat (each squat is a repetition).
Stand with your feet shoulder width apart, back straight, looking forward, arms
at your side.
Lower your body, bending your knees while keeping your back straight (as if
sitting). Raise your arms forward for balance as you squat. At the bottom of the
motion, your upper legs should be close to parallel with the floor and your knees
should not extend past your toes.
Raise your body back to a standing position.
Try to perform 10 to 25 squat repetitions, increasing over time as possible
Push-ups:
Using your arms to lift your body, perform a push-up (each push-up movement is
a repetition).
Lie down on the floor on your stomach.
Place your hands on the floor, under your shoulders, shoulder width apart.
Using only your arms to lift your body, lift up slightly until your lower body is off
the floor and only your toes and hands are touching the floor. (If this is difficult,
you may keep your knees on the floor.) This will be your starting position.
Straighten your arms to raise your body. Do not lock your elbows.
Lower your body back to the starting position.
Try to perform 10 to 25 push-up repetitions, increasing over time as possible.

TRY THIS! Some ideas for Adapted Activity
Push-ups and/or related exercises:
Perform at various levels: table, stool, bench, wall or wall bar, steps, etc.
Wheelchair push up: Seated in chair with arms, place hands on arm rests and
lift body. Hold position In push up position, alternate right and left hand crossing
midline to touch opposite shoulder, keeping plank; attempt in wall push up position
Plank and/or related exercises:
Perform at various levels: table, stool, bench, wall or wall bar, steps, etc.
While in plank, place ball between body and floor and use hands, walk out and back
Seated isometric exercises:
In a chair or at bench edge, hold, breathe, and squeeze abdominal muscles Wall
sit with back against wall, knees @ 90 degrees; hold, breathe, and squeeze abdominal muscles
On a core ball, knees @ 90 degrees; squeeze abdominal muscles
www.trainlikeanastronaut.org

MISSION X: MISSION HANDOUT

YOUR MISSION:

Crew Strength Training

You will perform body-weight squats and push-ups to develop upper
and lower body strength in muscles and bones. You will also record
observations about improvements in strength training during this
physical experience in the Mission Journal.
Strong muscles and bones are important to your overall health. They are
necessary so you can perform chores and tasks at home, at school, or while
playing. When you lift an object off the floor, push yourself up out of bed, or
bend to see under an object, you are using upper and lower body strength.
Physical activities such as these will help keep your muscles and bones strong!
MISSION QUESTION: How could you perform a physical activity that would
strengthen your muscles and bones in both your upper and lower body?

MISSION ASSIGNMENT:

Strength Training

Body weight squats:
Using only your body weight, perform a squat (each squat is a repetition).
Stand with your feet shoulder width apart, back straight, looking forward, arms at your side.
Lower your body, bending your knees while keeping your back straight (as if sitting). Raise
your arms forward for balance as you squat. At the bottom of the motion, your upper legs
should be close to parallel with the floor and your knees should not extend past your toes.
Raise your body back to a standing position.
Try to perform 10 to 25 squat repetitions, increasing over time as possible.
Rest for 60 seconds.
Push-ups:
Using your arms to lift your body, perform a push-up (each push-up movement is a repetition).
Lie down on the floor on your stomach.
Place your hands on the floor, under your shoulders, shoulder width apart.
Using only your arms to lift your body, lift up slightly until your lower body is off the floor and
only your toes and hands are touching the floor. (If this is difficult, you may keep your knees
on the floor.) This will be your starting position.
Straighten your arms to raise your body. Do not lock your elbows.
Lower your body back to the starting position.
Try to perform 10 to 25 push-up repetitions, increasing over time as possible.
Rest 60 more seconds.
This entire routine of strength training should be repeated two more times.
Record observations before and after this physical experience in your Mission Journal.
Follow these instructions to train like an astronaut.
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English_A2

CREW STRENGTH TRAINING

It’s a Space Fact:

Strength Training:
Physical activities
which use
resistance to
increase muscle
and bone strength,
and help improve
overall health and
fitness.
Crew
(crew members):
People working
together on a
common activity
or for a common
purpose; a term
for NASA
astronauts who
share their mission
with each other.

Astronauts must perform physical tasks in space that require strong
muscles and bones. In a reduced gravity environment muscles and
bones can become weak, so astronauts must prepare by strength
training. They work with NASA strength and conditioning specialists
on Earth and continue to work in space to keep their muscles and
bones strong for exploration missions and discovery activities.

Fitness Accelerations
Complete five squats, holding the last squat for 30 seconds. Complete
five more squats, holding the last squat for 60 seconds. Rest for 60
seconds. Do this three times for a total of 30 squats.
Complete 10-25 pushups on a balance ball. You will balance your
body on the exercise ball and push off with your hands to complete
one push-up.

Repetition:
A motion (such as
a body-weight
squat or a push-up)
that is repeated
and usually
counted.

By doing exercises
that use your own
body weight, you can
increase the strength
of your muscles and
bones. Lack of physical activity can
increase the chances
of injury because your
muscles and bones
may be weak. Even
easy physical tasks
might seem hard!

Think Safety!

Resistance:
An opposing force
(through gravity,
weight, or
equipment).

Grab two 1-3 lb dumbbells. Get into the push-up position and do five
push-ups as your hands balance on the dumbbells. Now, lift the dumb
bell with your right arm off the floor and bring it to your underarm.
You will be balancing your body in the push-up position using
one arm as you lift your right hand with the dumbbell to
your underarm. Do these ten times and repeat
with the opposite arm.

Astronauts carefully
practice proper strength
training on Earth so they can safely strength train in space.
It is important to do these activities slowly and correctly to
avoid injury.
Remember that drinking plenty of water is important before,
during, and after physical activities.

Mission Explorations:
Climb across the monkey bars of the play equipment using only your hands.
Do walking lunges across the gym floor.
Walk up and down a set of stairs.
Compete in a game of rope tug-of-war. (Wear gloves to avoid rope burns.)

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

CREW STRENGTH TRAINING
Learning Objectives
Students will
 perform body-weight squats and push-ups to develop upper and lower body strength in muscles
and bones.
 record observations about improvements in strength training during this physical experience in
the Mission Journal.

Introduction
NASA researchers are working to lessen muscle atrophy and loss of bone density in astronauts
involved in prolonged space flights. Both of these physical changes can be hazardous to astronauts on
an extended exploration mission. Injured or weak crew members may not be able to perform their
assigned tasks, causing safety concerns for themselves, as well as fellow astronauts. All crew
members need to be in top physical condition to ensure the completion of the mission.
Astronauts also need strong muscles and bones to perform tasks while exploring a lunar or Martian
surface. They must be able to lift, bend, build, maneuver and even exercise during a mission. Both the
moon and Mars have enough gravitational force to require strong muscles and bones to do these tasks.
If a crew member happens to trip and fall, the strength of their muscles and bones can mean the
difference between getting up and returning to work, or having to end the mission and return back to
Earth.
On Earth, the strength of muscles and bones is important to being physically fit and healthy. Severe
muscle atrophy or bone loss in space could mean a crew member might fail to recover his or her preflight physical condition back on Earth. Therefore, astronauts do regular exercise and strength training
before, during, and after a mission to keep their muscles and bones strong.
Performing multi-joint weight-bearing exercises, such as the push-up for upper body strength and the
squat for lower body strength, can help develop stronger muscles and bones. Use the information
below to help administer the Fit Explorer Mission Handout and help your students train like an
astronaut.

Administration
Follow the outlined procedure in the Crew Strength Training Mission Handout. The duration of this
physical activity can vary, but will average 15 minutes. In order for students to perform at their
maximum potential, positive reinforcement should be used throughout the activity.

Location
This physical activity should be conducted on a flat, dry surface.
The use of a closely placed metronome may assist small groups in keeping cadence in the repetitions.

Set-up
Students should be at least an arms length apart from each other.
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Equipment


Mission Journal and pencil

Optional equipment:
o watch or stopwatch
o wall access
o metronome
For physical activity, students should wear loose-fitting clothing that permits freedom of movement.

Safety







Push-ups should be done with arms extended (but not locked), and level with chest. If the
student is unable to do a standard push-up, have him/her begin with bent-knee push-ups (knees
on the ground).
Always stress proper technique while performing exercises. Improper technique can lead to
injury.
Proper hydration is important before, during and after any physical activity.
Be aware of the signs of overheating.
A warm-up/stretching and cool-down period is always recommended.
For information regarding warm-up/stretching and cool-down activities, reference the Get Fit
and Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and
Sports at http://wwwpresidentschallenge.org/pdf/getfit.pdf.

Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use descriptors to
verbally communicate their answers.
Use the following open-ended questions before, during and after practicing the physical activity to
help students make observations about their own physical fitness level and their progress in this
physical activity:
 How do you feel?
 How many repetitions did you do?
 How did your upper body/lower body feel during the repetitions?
 What do your arms and legs feel like now compared to when we first tried this physical activity
together?
 On the moon or Mars, do you think you would feel the same way?
 Where is the energy you are using coming from?
 What muscles do you feel you are working?
The most appropriate answers would include:
 Body weight squat
o lower back
o buttocks
o front/back of upper legs
o lower legs
 Push-up
o chest
www.trainlikeanastronaut.org
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o
o
o

shoulders
back of upper arms
lower arms

Some quantitative data for this physical activity may include:
 rate of perceived exertion (on a scale of 1-10)
 how many correct repetitions were performed
 length of rest period
 respirations (breaths per minute)
Some qualitative data for this physical activity may include:
 technique performance
 identifying soreness in body parts
 identifying shakiness or muscle cramping

Collecting and Recording Data
Students should make observations about their physical experience training for stronger muscles and
bones in their Mission Journal before and after the physical activity. They should also record their
physical activity goals and enter qualitative data for drawing conclusions.
 Monitor student progress throughout the physical activity by asking open-ended questions.
 Time should be allotted for the students to record observations about their experience in their
Mission Journal before and after the physical activity.
 Graph the data collected in the Mission Journal on the graph paper provided, letting students
interpret the data individually. Share graphs with the group.

Fitness Accelerations
 Complete five squats, holding the last squat for 30 seconds. Complete five more squats,
holding the last squat for 60 seconds. Rest for 60 seconds. Do this three times for a
total of 30 squats.
 Complete 10-25 pushups on a balance ball. You will balance your body on the exercise
ball and push off with your hands to complete the pushups.
 Grab two 1-3 lb dumb bells. Get into the push up position and do five push ups as your
hands balance on the dumb bells. Now, lift the dumb bell with your right arm off the
floor and bring it to your underarm. You will be balancing your body in the push up
position using one arm at this point as you lift your right hand with the dumb bell to your
underarm. Do these ten times, now do the same exercise with the opposite arm. Have
the students do this exercise on a padded mat.
National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies, and
tactics as they apply to the learning and performance of physical activities.
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Standard 3: Participates regularly in physical activity.
Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
Standard 5: Exhibits responsible personal and social behavior that respects self and others in
physical activity settings
Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or
social interaction.

National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication skills to
enhance health and avoid or reduce health risks.
o 4.5.1. demonstrate effective verbal and non-verbal communication skills to enhance
health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to enhance
health.
o 5.5.4 Predict the potential outcomes of each option when making a health-related
decision.
o 5.5.6 Describe the outcomes of a health-related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
 Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and
avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve
personal health.
 Standard 8: Students will demonstrate the ability to advocate for personal, family and
community health.
o 8.5.1 Express opinions and give accurate information about health issues.

National Initiatives and Other Policies
Supports the Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 and may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.

Resources
For more information about space exploration, visit www.nasa.gov.
To learn about exercise used during past and future space flight missions, visit
http://hacd/jsc.nasa.gov/projects/ecp.cfm.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
www.trainlikeanastronaut.org

Crew Strength Training – Educator Guide 4/6

For guidelines for fluid replacement and exercise:
National Athletic Trainer’s Association (NATA)
 Fluid Replacement for Athletes (Position Statement)
http://www.nata.org/statements/position/fluidreplacement.pdf
For information on warm-up and cool-down stretches, visit:
American Heart Association (AHA)
 Warm-up and Cool-down Stretches
http://americanheart.org/presenter.jhtml?identifier=3039236
For information about rate of perceived exertion (RPE), visit:
Centers for Disease Control and Prevention (CDC)
 Perceived Exertion
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/perceived_exertion.htm

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program Education and Outreach
team. Special thanks to the subject matter experts who contributed their time and knowledge to this project.

National Aeronautics and Space Administration (NASA) contributors:
David Hoellen, MS, ATC, LAT
Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
Daniel L. Feeback, Ph.D.
Head, Muscle Research Laboratory
Space Shuttle and Space Station Mission Scientist
NASA Johnson Space Center
R. Donald Hagan, Ph.D.
Exercise Lead, Human Adaptation and Countermeasures Office
Manager, Exercise Physiology Laboratory
NASA Johnson Space Center
http://exploration.nasa.gov/articles/issphysiology.html
Jean D. Sibonga, Ph.D.
Science Lead, Bone and Mineral Laboratory
NASA Johnson Space Center
http://www.dsls.usra.edu/sibonga.html
Linda H. Loerch, M.S.
Manager, Exercise Countermeasures Project
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/projects/ecp.cfm
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President’s Council on Physical Fitness and Sports (PCPFS) contributors:
Thom McKenzie, Ph.D.
President’s Council on Physical Fitness and Sports Science Board Member
Emeritus Professor of Exercise and Nutritional Sciences at San Diego State University
http://www.presidentschallenge.org/advocates/science_board.aspx#Thom
Christine Spain, M.A.
Director, Research, Planning, and Special Projects
President’s Council on Physical Fitness and Sports, Washington, D.C.
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Mission X: Train Like an Astronaut

ENERGY OF AN ASTRONAUT
Student Handout
Discovery Lesson
Student Name

Materials
Per class:
 computer with Internet
 painters tape
 six sentence strips
 LCD projector or overhead
projector
 food items from various food
groups

This lesson will help you identify healthy food choices to keep
your body at a healthy weight and learn how Calorie needs are
different on Earth and in space.
During this lesson you will:
 investigate the Food Pyramid as you learn the basic
needs of a well balanced diet.
 learn how different foods are categorized in the Food
Pyramid.
 examine the Nutrition Facts labels including serving sizes,
Calories, protein, calcium and vitamins.
 determine your own daily energy needs.
 design a five-day menu based on the Food Pyramid
recommendations and your energy needs.

Per group of 3:
 Nutrition Facts labels from
corn, flour, and wheat
tortillas
Per student:
 Food Pyramid Data Sheet
 Fit Explorer Personal
Menu Planner
 blank sheet of paper

Problem
How can Nutrition Fact labels be used to determine how much
food I need for one day?

Background
Good nutrition is essential for astronauts because their bodies
are affected by microgravity. Studying the crew’s nutritional
needs before, during, and after spaceflight is an important part of
maintaining astronaut health on long duration space missions.
These studies will provide information on the proper food and
amount of energy astronauts need to do physical activity in
space.
The food you eat gives you energy, which is measured in
Calories. Balancing energy from foods you eat with energy your
body uses each day is important for good nutrition. Energy comes
from the breakdown of larger food particles into smaller particles.
A series of chemical reactions starts happening in your body
resulting quick-release energy molecules [ATP]. Some foods,
such as macadamia nuts, contain nearly twice as much energy
as carbohydrates like bread and pasta. Eating enough Calories
provides you with energy so you can complete your schoolwork.
Without enough Calories, you will be tired and your muscles will
www.trainlikeanastronaut.org

Safety
 Review classroom and lab
safety rules.
 No tasting or eating is
allowed!
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not function well. Too many Calories can result in weight gain which can also be bad for your health.
Proper nutrition and physical activity lead to a body that is ready to face day-to-day challenges and for
astronauts the ability to face the challenges of living and working in space.
Nutrition Facts labels are great places to learn about the nutrition in the foods you eat. Check the
Nutrition Facts label on your favorite packaged foods for information on serving size and the number of
servings in each package. The Nutrition Facts label also provides information on the Calories per
serving. Nutritionists and food scientists at NASA also consult Nutrition Facts labels for serving sizes,
Calories, nutrients like carbohydrates, proteins, fat, vitamins and the mineral, Calcium, and Percent
Daily Values (%DV) of the foods the astronauts eat in space.
Brainstorm with your group about energy needs. Calories are units of energy. Make observations about
Calories following your teacher’s instructions.
Use the first column of this KWL chart to organize your observations about energy in Calories.
Brainstorm with your group what you want to know about energy in Calories, and then record your list in
the second column of the KWL chart.
KNOW

WANT TO KNOW

LEARNED

Problem and Hypothesis
Based on what you know, the materials you will be using, and predictions about what you will be
learning answer the problem question with your best guess.
Problem: How can Nutrition Fact labels be used to determine how much food I need for one day?
Your hypothesis should be written as a statement.
My Hypothesis: _____________________________________________________________________
__________________________________________________________________________________

Let’s Investigate the Food Pyramid
1) On a blank sheet of paper, write down what you ate for breakfast, lunch, and dinner yesterday.
Include any snacks you had during the day. Label this page Yesterday’s Meal Plan.
2) As a class, investigate the Food Pyramid by going to
http://www.choosemyplate.gov/global_nav/media_archived.html.
3) Fill out the Food Pyramid Data Sheet. Label each food group and write examples of food that would
represent each group.
4) Use your completed Food Pyramid Data Sheet to help your class complete the Floor Food Pyramid.
5) Your teacher will have food items available for the class. Place these food items in the appropriate
food group on the Food Floor Pyramid.
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6) Continue until all available foods are placed in categories.
7) Discuss with your class the importance of healthy, balanced meals.
8) Revisit Yesterday’s Meal Plan.
9) Answer these questions about your meal plan food choices.


Do you believe you made good food choices?



What are some healthy food choices that you made?



Why is it important to eat nutritious foods?



If you were to become an astronaut and go into space, would you need a balanced diet?



What would your food menu look like if you traveled to space?

Let’s Talk About Calories
10) Read and think about the following questions and discuss with your group.


What is a Calorie?



How are Calories and energy related?



Why do some people count Calories in foods?



What will happen if we eat too many Calories in one day?



Do astronauts in space require more or less Calories than we do here on Earth?

11) Calculate the amount of Calories of energy recommended for your particular daily needs using the
Daily Calorie Requirements handout.
12) Record your own energy needs in Calories on the back of the Food Pyramid Data Sheet.

Let’s Investigate Food Labels
13) As a group, inspect the three different types of tortilla packages including flour, wheat, and corn.
14) As a group, examine the Nutrition Facts labels on the tortilla packages.
15) Record your data on the Tortilla Nutrition Fact Sheet.
16) Place tortillas in order by number of Calories. Record on the Tortilla Calorie Fact Sheet.
17) Read the following and discuss with your group.
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Food energy is measured in Calories. Energy for your body comes from food. If you eat more
Calories than your body needs, the extra Calories are converted into fat. Eating the correct
servings in your meals will prevent consuming extra Calories. You need the same food serving
sizes and Calories in space that you need on Earth.
Answer the following questions about Calories.


What do serving sizes have to do with energy needs?



What happens if you eat too many Calories?



What happens if you eat too few Calories?

Record Data
Tortilla Calories Fact Sheet
Complete the chart below using the Nutrition Facts label.

Flour

Wheat

Corn

Serving Size
How Many Servings per Package
Calories per Serving
Place tortillas in order of lowest Calories to highest Calories.

Tortillas
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Study Data
After collecting all data, study data by answering the following questions.
1. Which tortilla would be the most nutritious? Least nutritious? Why?

2. Which tortilla do you think is the best choice for a meal in space? Why?

3. If you would go into space what would you put in your tortilla and what type of tortilla would you
eat? Why?

4. What else besides Calories of energy should you think about in planning food menus? (Hint: Look
at the Nutrition Facts labels on several different types of foods and think about the Food Pyramid.)

Conclusion



Fill in the LEARNED column in the KWL chart.
Give your best complete sentence answer to the problem/question on page 2 based on what
you learned in your investigations and menu-planning activities. Does this answer agree with
your hypothesis now that you have more information? If not, what is different?
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Scientific Investigation Rubric
Experiment: Energy of an Astronaut
Student Name __________________________________

Student Performance Indicator

0

Date ___________________

1

2

3

4

Developed a clear and complete
hypothesis.

Followed all lab safety rules and
directions.

Followed the scientific method.

Recorded all data on the data sheet
and drew a conclusion based on the
data.
Asked engaging questions related to
the study.

Designed a meal plan that followed the
recommendations of the food pyramid.

Point Total
4 = Excellent/Complete/Always follows directions/Organized
3 = Good/Almost complete/Almost always follows directions/Usually organized
2 = Average/About half done/Sometimes follows directions/Sometimes organized
1 = Poor/Incomplete/Rarely follows directions/Disorganized
0 = No work/Didn’t follow directions/Interfered with work of others

Grading Scale:
A = 22 - 24 points

Point total from above: _________ (24 possible)

B = 19 - 21 points
C = 16 - 18 points

Grade for this investigation _________________

D = 13 - 15 points
F = 0 - 12 points
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Mission X: Train Like an Astronaut

ENERGY OF AN ASTRONAUT
Educator Section

Discovery Lesson

Introduction

Grade Level: 3-5

Astronauts living on the International Space Station (ISS) need
balanced meals to meet their energy and health needs while in
space. Food scientists and nutritionists at NASA ensure that
astronauts eat balanced meals in space by consulting the
Nutrition Fact labels and studying the nutritional needs of
astronauts before food is packaged for both short and long
duration spaceflight. Based on the environment of space and the
conditions of microgravity, planning the astronauts dietary needs
can be challenging.

Connections to Curriculum:
Science and Health

Living and working in a reduced gravity environment will change
an astronaut’s nutritional needs. By studying specific nutritional
needs of astronauts on the ISS, food scientists can learn what is
needed for good nutrition on long duration space exploration. For
example, bone loss caused by the microgravity of spaceflight
requires an additional intake of vitamin D during long missions.
Food scientists and nutritionists must plan menus that will keep
the astronauts’ bodies nourished and healthy while working in
space. Astronauts help in the planning of their menus by
participating in food tasting panels on Earth before their missions
to the ISS. This helps the food scientists and nutritionists target
astronaut preferences while planning balanced menus.
One of the most popular food items on an astronaut’s menu
during spaceflight is the flour tortilla. Tortillas contain large
amounts of carbohydrates that the body needs to function. In
addition, tortillas are easily stored, and do not produce crumbs.
Too many crumbs can get into the ISS or space shuttle’s
equipment or experiments. Floating crumbs can even be
dangerous if they float into an astronaut’s eyes, nose, or mouth.

Lesson Objectives






Science Processing Skills:
predicting, observing, comparing,
gathering, recording data
(American Association for the
Advancement of Science)
Teacher Prep Time: 30 minutes
Lesson Duration: Three 45minute sessions
National Education Standards:
Science and Health
National Wellness Initiative:
This activity supports the federally
mandated Local Wellness Initiative
and may support your Local
Wellness Plan.

-------------------------------Materials Required:
Nutrition Facts labels from corn,
flour, and wheat tortillas
(1 of each per group of 3)
computer with Internet
painters tape
sentence strips
food packaging from the six food
groups
LCD projector or overhead
projector
blank sheet of paper

Students will investigate the Food Pyramid as they learn
the basic foods of a well balanced diet.
Students will learn how different foods are categorized in
the Food Pyramid.
Students will examine the Nutrition Facts labels including
serving sizes and Calories.
Students will determine their daily energy needs.
Students will design a five-day menu based on the Food
Pyramid recommendations.
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Problem
How can Nutrition Fact labels be used to determine how much food I need for one day?

Learning Objectives
The students will:
 investigate the Food Pyramid and the basic foods that make up a balanced diet and their daily
energy needs.
 examine a Nutrition Facts labels for serving size and Calories, protein, calcium and vitamins.
 determine their own daily energy needs.
 create a five-day menu based on Food Pyramid recommendations and their own dietary needs.

Materials
Per class:
 computer with Internet access
 LCD projector or overhead projector
 painters tape
 six sentence strips
 food packaging from the six food groups
Per group of 3 students:
 Nutrition Facts labels from corn, flour, and wheat tortillas
Per student:
 Energy of an Astronaut Student Handout
 Food Pyramid Data Sheet
 Fit Explorer Personal Five-Day Menu Planner
 blank sheet of paper

Safety
Remind students of the importance of classroom and lab safety. A no tasting rule in the science lab
should be strictly enforced.

Pre-lesson Preparation


Divide class into groups of 3–4 students.



Prepare the Food Pyramid Data Sheet (Appendix D).
o Make copies of the Food Pyramid Data Sheet for each student in the classroom.
o Project the Food Pyramid on a screen or white wall for the whole class to view.



Make a Floor Food Pyramid.
o Use painters tape to create a Food Pyramid on the floor.
o Write Food Pyramid group names on sentence strips. Use the following food group
categories for the sentence strips. Write large enough to read the food group name from
a distance.
 Grains
 Vegetables
 Fruits
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 Milk
 Meat and Beans
 Oils
Oils is not a food group, but it’s important for good health. Get your oils from fish,
nuts, and liquid oils such as olive oil, soybean oil, and canola oil.


Prepare a working space for each group containing group materials.



Print the Fit Explorer Personal Five-Day Menu Planner (Appendix F).

Lesson Development
To prepare for this activity, the following educator background information is recommended:


Read and learn about the Food Pyramid and students’ basic needs at the following website:
http://www.choosemyplate.gov/global_nav/media_archived.html.



Read about the energy needs of astronauts in the Space Nutrition Newsletter found at:
http://www.nasa.gov/centers/johnson/pdf/511989main_vol4iss2.pdf.



Read how to calculate energy needs here:
http://www.nasa.gov/centers/johnson/pdf/511989main_vol4iss2.pdf.



Read how to calculate the amount of Calories students should eat per day at:
http://pediatrics.about.com/library/bl_calorie_calc.htm.



Read how the space environment affects Calorie requirements here:
http://spaceflight.nasa.gov/spacenews/factsheets/pdfs/food.pdf.



Read the following text taken from the Observation Section of the Energy of an Astronaut
Student Handout.
Background
Good nutrition is essential for astronauts because their bodies are affected by microgravity.
Studying the crew’s nutritional needs before, during, and after spaceflight is an important part of
maintaining astronaut health on long duration space missions. These studies will provide
information on the proper food and amount of energy astronauts need to do physical activity in
space.
The food you eat gives you energy, which is measured in Calories. Balancing energy from foods
you eat with energy your body uses each day is important for good nutrition. Energy comes from
the breakdown of larger food particles into smaller particles. A series of chemical reactions
starts happening in your body resulting in quick-release energy molecules [ATP]. ATP
(adenosine triphosphate) molecules easily lose their third phosphate group. With the loss of this
phosphate group, ATP –as it becomes ADP- release a lot of energy which is available for the
many needs of the body (working, exercising, walking, sleeping, eating, breathing, and
growing). Some foods such as macadamia nuts, contain nearly twice as much energy as
carbohydrates like bread and pasta. Eating enough Calories provides you with energy to be
prepared so you can complete your schoolwork. Without enough Calories, you will be tired and
your muscles will not function well. Too many Calories can result in weight gain which can also
be bad for your health. Proper nutrition and physical activity lead to a body that is ready to face
day-to-day challenges and for astronauts the ability to face the challenges of living and working
in space.
Nutrition Facts labels are great places to learn about the nutrition in the foods you eat. Check
the Nutrition Facts label on your favorite packaged foods for information on serving size and the
number of servings in each package. The Nutrition Facts label also provides information on the
Calories per serving. Nutritionists and food scientists at NASA also consult Nutrition Facts labels
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for serving sizes, Calories, nutrients like carbohydrates, proteins, fat, vitamins and the mineral,
Calcium, and Percent Daily Values (%DV) of the foods the astronauts eat in space.


If needed, additional research can be done on the following topics:
o nutritional requirements in space
o space exploration
o spaceflight countermeasures
o energy needs of humans

Instructional Procedure
Throughout this lesson, emphasize the steps involved in the scientific method. These steps are
identified in bold italic print throughout the Instructional Procedure Section.
1. Review the scientific investigation rubric with your class. This performance rubric is located in
Appendix G at the end of the educator section.
2. Introduce the lesson objectives and learning objectives to the students.
3. Remind your students that they will act like NASA nutritionists as they research and plan meals that
meet the required daily energy needs of astronauts (and students like themselves who may one day
become astronauts).
4. Review the problem with the students, “How can Nutrition Fact labels be used to determine how
much food I need for one day?”
5. Review the Energy of an Astronaut Glossary with your class. (Appendix C)
6. Have the students read the Background Section in their Energy of an Astronaut Student Handout
and discuss what they read in their groups. Use your own technique to check for comprehension of
the observation section.
7. Have the students discuss with their group what they know about energy needs in Calories by
completing the first two columns in the KWL (KNOW/WANT TO KNOW/LEARNED) chart in the
Energy of an Astronaut Student Handout. Use the KWL chart to help students organize prior
knowledge, identify interests, and make real world connections. As students suggest information for
the KNOW column, ask them to share how they have come to know this information.
8. Ask the students if they have predictions relating to this activity and the problem question. Help
them refine their predictions into hypotheses. In the student handout, they should re-state the
problem based upon what they know, the materials they will be using, and predictions about what
they will be learning. As they formulate a hypothesis, encourage students to include verbs from their
page 1 bulleted learning objectives. Have students share their hypotheses in their groups.
9. Students will test their hypotheses following this procedure.
These steps were taken from the Energy of an Astronaut Student Handout. Educator specific
comments are in italics.

Let’s Investigate the Food Pyramid
1)

On a blank sheet of paper, write down what you ate for breakfast, lunch, and dinner
yesterday. Include any snacks you had during the day.

2)

As a class, investigate the Food Pyramid by going to
http://www.choosemyplate.gov/global_nav/media_archived.html.
Display a picture of the Food Pyramid for the entire class to see. Give each student a
Food Pyramid Data Sheet.
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3)

Fill out the Food Pyramid Data Sheet. Label each food group and write examples of food
that would represent each group.
Briefly discuss the food groups. For example, have them write grains in the appropriate
category. Then ask the students what type of food would be considered grains and write
one answer in the grain category. Repeat this process for the other food groups.
Use the Food Pyramid graphic provided below to check for placement accuracy of the
food pyramid categories. Keep in mind we need more servings of certain food groups than
others.

4)

Use your completed Food Pyramid Data Sheet to help your class complete the Floor Food
Pyramid.

5)

Your teacher will have food items available for the class. Place these food items in the
appropriate food group on the Food Floor Pyramid.
Have several types of food items available for students to place in the appropriate
category on the Floor Food Pyramid.

6)

Continue until all available food is placed in a category.

7)

Discuss with your class the importance of healthy, balanced meals.
Lead a discussion with the students about the importance of healthy, balanced meals.

8)

Revisit Yesterday’s Meal Plan. Have one student at a time read off their food choices from
Yesterday’s Meal Plan.

9)

Answer the following questions about your food choices on the back of your paper.
Discuss these questions with the class.






Do you believe you made good food choices?
What are some healthy food choices that you made?
Why is it important to eat healthy?
If you were to become an astronaut and go into space, would you need a balanced
diet?
What would your food menu look like if you traveled to space?
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Let’s Talk about Calories
10)

Read and think about the following questions and discuss with your class.






What is a Calorie?
How are Calories are units of energy related?
Why do some people count Calories in foods?
What will happen if we eat too many Calories in one day?
Do astronauts in space require more or less Calories than we do here on Earth?

11)

Calculate the amount of Calories of energy recommended for your particular daily needs
using the Daily Calorie Requirements handout.

12)

Record your own Calorie and energy needs on the back of the Food Pyramid Data Sheet.
Have students use a method to calculate their Daily Calorie Requirements using the
handout with the same name (Appendix E).

Let’s Investigate Food Labels
Divide students into groups.
13)

As a group, inspect three different types of tortilla packages including flour, wheat, and
corn.

14)

As a group, investigate the Nutrition Facts label on the tortilla package.

15)

Record your data on the Tortilla Nutrition Fact Sheet.
Display the Tortilla Nutrition Fact Sheet on the white board or computer for the students to
see. Include the answers to the questions. The students will be able to see the information
broken down for each type of tortilla.
Students will refer to the Nutrition Facts label on the tortilla packages to complete their
Tortilla Nutrition Fact Sheet.

16)

Place tortillas in order from most nutritious to least nutritious. Record on the Tortilla
Nutrition Fact Sheet.

17)

Read the following and discuss with your group.
Food energy is measured in Calories. Energy for your body comes from food. If you eat
more Calories than your body needs, the extra Calories are converted into fat. Eating the
correct number of servings and correct serving size for your meal will prevent consuming
extra Calories. Serving sizes and Calorie counts are the same on Earth as in space.
Answer the following questions about Calories.


What do serving sizes have to do with energy needs?
Your energy in Calories comes from the food you eat. The Nutrition Facts labels tell
you how many Calories are in a serving and how many servings are in a package.
To determine the total Calories you consumed, figure out how many servings you ate
and multiply that by the Calories per serving.
In other words, consuming multiple servings results in more Calories of energy
(which may be used or get stored as fat).



What happens if you eat too many Calories?
Excess Calories eaten will be stored in the body as fat.



What happens if you eat too few Calories?
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If too few Calories are eaten, then your body will not have the proper energy to
perform daily tasks. You may feel tired, weak, or dizzy.
Ask these additional open-ended questions about food to the groups.


Will it matter if you eat more or less than the serving amount on the label? Why?
A variety of foods leads to a healthy diet. In addition, eating more than one serving of
a food will raise your Caloric intake. Too many Calories consumed, and not enough
physical activity may result in being overweight.



How will knowing the serving size for flour tortillas help you make food decisions?
Serving sizes are considered the normal amount to eat, but sometimes you know
you need more energy because you skipped a meal or worked or played twice as
long as usual. And sometimes you’re hungry because you’re growing and producing
more body tissues (bones, muscles, etc.). It is smart to ask yourself if you’re hungry
before you eat, instead of just eating extra servings because they’re there. It’s wise
to think about what and how much you eat-especially if you’re training like an
astronaut!



How do astronauts meet their energy needs?
Astronauts meet their energy needs the same as you do, by maintaining proper
nutrition.



What happens to food when it enters your body?
Some of the energy will be used to keep you warm, some will be used to help you
grow new bone and muscle tissue, and some will be used to help you think, work,
and play.



What does your body use as fuel? Why does your body need this fuel?
Your body uses food as fuel. Your body needs fuel to function properly as you
participate in physical activities such as running, skating, or playing sports. This fuel
(or food) also helps keep you warm when it’s cold out.

Let’s Plan a Personal Five-Day Menu
10. Have students plan a five-day menu following the Food Pyramid recommendations for their age
group according to their Calorie needs.


Students will complete the Fit Explorer Personal Five-Day Menu Planner based on the
knowledge they have acquired from their food pyramid and food labels investigation.

11. Have students record meals and snacks each day. Ask students the following questions after they
have completed their Fit Explorer Personal Five-Day Menu Planner.







How can Nutrition Fact labels be used to determine how much food I need for one day?
What was your target Calorie consumption for one day?
Did you stay within your Calorie target each day? If not what challenges did you face?
What was the hardest part of planning your meals for a week?
Do you think exercise plays a part in the amount of Calories you need during a week? If so,
how?
In your meal plan, did you eat foods from the five food groups every day? Was it easy or hard to
include food from the five foods groups each day?
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If you were going into space for a week, do you think your menu would change?
Review a weekly cafeteria menu from your school. Is the cafeteria serving a balanced menu
each day? Are you being offered foods from all the groups in the Food Pyramid?

Conclusion








Discuss the answers to the Study Data questions in the Energy of an Astronaut Student
Handout.
Have students update the LEARNED column in their KWL chart.
Have students restate their hypotheses and explain how they calculated the amount of energy
they take in every day versus the amount of energy they use. How many Calories should they
be taking in each day to be healthy students?
Prompt students to ask questions following the activity.
Encourage students to design their own two-week menu for a trip into space.
Have students discuss in their groups what changes they need to make to their diets to be
considered fit enough to be future astronauts.

Assessment




Assess student knowledge through questioning.
Assess student understanding by administering the Energy of an Astronaut Quiz. (Appendix A)
Observe and assess student performance throughout the activity using the Scientific
Investigation Rubric found in the Energy of an Astronaut Student Handout and Appendix G.

Activity Alignment to National Education Standards
National Science Education Standards (NSES):
Content Standard F: Science in Personal and Social Perspectives
 Personal health (K-8)
National Health Education Standards (NHES) Second Edition (2006):
Standard 1: Students will comprehend concepts related to health promotion and disease prevention to
enhance health.
As a result of health instruction in grades 3 through 5, students will:
 1.5.1 Describe the relationship between healthy behaviors and personal health.
Standard 5: Students will demonstrate the ability to use decision making skills to enhance health.
As a result of health instruction in grades 3 through 5, students will:
 5.5.1 Identify health related situations that might require thoughtful decision.
Standard 7: Students will demonstrate the ability to practice health enhancing behaviors and avoid or
reduce health risks.
As a result of health instructions in grades 3 through 5, students will:
 7.5.1 Identify responsible personal health behaviors.
 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve personal
health.
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Curriculum Explorations
Language Arts Exploration
Ask students to explain the investigation. How might students improve this investigation? Where might
there have been mistakes made? How might these mistakes have affected their results?
National Council of Teachers of English Standards (NCTE):


Students conduct research on issues and interests by generating ideas, questions, and posing
problems. They gather, evaluate, and synthesize data from a variety of sources (e.g., print and
non-print texts, artifacts, people) to communicate their discoveries in ways that suit their
purpose and audience.

Science Exploration
Have student’s explore meal plans for an astronaut on a space shuttle mission. Do they have balanced
meals? Are they eating foods from all the food groups in the Food Pyramid? Do astronauts in space
require more or less Calories than we do here on earth? You may download a copy of an astronaut
menu at: http://www.nasa.gov/pdf/452917main_sts132_menu_antonelli.pdf.
Have students review a weekly cafeteria menu from their school. Are they being served a balanced
menu during their school day? Are they being offered foods from all the groups in the Food Pyramid?
How many Calories are they getting on their school menus?

Career Links
Subject matter experts Dr. Scott Smith, Dr. Sara Zwart, Dr. Michele Perchonok, and Vickie Kloeris
contributed to this NASA Fit Explorer activity. Learn more about each of them at the websites below
their job descriptions.
Dr. Scott M. Smith is the Scientific Lead for the Nutritional Biochemistry Lab at the NASA Johnson
Space Center in Houston, TX.. http://spaceflight.nasa.gov/shuttle/support/people/ssmith.html
Dr. Sara R. Zwart is a Research Scientist at the Nutritional Biochemistry Laboratory at the NASA
Johnson Space Center in Houston, TX. http://www.dsls.usra.edu/zwart.html
Dr. Michele Perchonok is the Shuttle Food System Manager and the Advanced Food System Lead at
the NASA Johnson Space Center.
http://www.nasa.gov/audience/formedia/presskits/spacefood/biographies.html
Vickie Kloeris is the ISS Food System Manager at the NASA Johnson Space Center.
http://www.nasa.gov/pdf/64770main_ffs_bio_kloeris.pdf

Educator and Student Resources
Web resources:
This online archive of Frequently Asked Questions (FAQs) offers background information on nutrition in
space. http://www.faqs.org/nutrition/Smi-Z/Space-Travel-and-Nutrition.html
This NASA educational product is a Space Food and Nutrition Educators Guide.
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Space_Food_and_Nutrition_Ed
ucator_Guide.html
This NASA resource from the Nutritional Biochemistry Lab at the NASA Johnson Space Center in
Houston, TX provides Space Nutrition Newsletters for kids.
http://www.nasa.gov/centers/johnson/slsd/about/divisions/hacd/education/kids-zone.html
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This NASA resource offers a Space Food and Nutrition Gallery.
http://www.nasa.gov/audience/formedia/presskits/ffs_gallery_sfn.html
This U.S. Food and Drug Administration website offers an interactive web program to Make Your
Calories Count. http://www.cfsan.fda.gov/~ear/hwm/labelman.html
The U.S. Food and Drug Administration offer this Nutrition Facts Label Brochure.
http://www.cfsan.fda.gov/~acrobat/nutfacts.pdf
This interactive web site for kids provides nutrition facts. www.SpotTheBlock.com
Kids Health. http://kidshealth.org/kid/

Books:
Liakos Evers, Connie: Good for You. Disney Learning, 2006.ISBN 0786847484. Ages 6-10. Combines
basic health facts and a playful format of games, recipes, quizzes, and trivia designed to assess
children’s knowledge of proper nutrition and guide them to a lifetime of good health.
Leedy, Loreen: The Edible Pyramid, Good Eating Every Day. Holiday House, 1994. ISBN 0-82341126-5. Ages 4-10. The mustached feline waiter shows his customers the delicious foods available in a
brand new restaurant shaped exactly like a pyramid. Each section of the USDA Food Guide Pyramid is
explored, with vivid illustrations of pasta, grain, fruit, vegetables, meats, nuts, dried beans, and other
goodies.
VanCleave, Janice: Food and Nutrition for Every Kid. Wiley, John and Sons, Inc., 1999. ISBN: 0-47117665-6, Age: 8-12 years. Through fun, safe, and easy-to-do experiments, kids learn all about food
and nutrition. Each experiment is broken down into a purpose, list of materials, step-by-step
instructions, expected results, and explanations that kids can understand. They will explore why
different sweeteners vary in sweetness, how to use natural food dyes to dye a T-shirt, and what the
Food Pyramid is plus much more.

This hands-on activity was developed in collaboration with the United States Food and Drug
Administration Education Team.
Lesson development by the NASA Johnson Space Center Human Research Program Education and
Outreach team.
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Appendix A
Energy of an Astronaut Quiz
Answer the following questions about the Energy of an Astronaut activity.
1. Where do Calories of energy come from? How do our bodies use these Calories?

2. When astronauts are living and working in space they need the proper food and amounts of energy,
just as you do when performing your daily tasks and schoolwork on Earth. Are the nutritional
requirements of an astronaut on orbit the same as when they are on Earth? Explain.

3. List two things that you can learn from a Nutrition Facts label. How can you use this information
when planning menus? How can the scientists in food labs at NASA use this same information?

4. Why is it important to know how many Calories are in a serving size and how many servings you
eat?

5. Compare the energy needs of astronauts in space to their energy needs on Earth.

6. What happens when we consume too many Calories? Too few?

7. What recommendations for providing astronauts with proper foods and amounts of energy do you
have for NASA? [Hint: Give several healthy food choices.]
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Appendix B
Energy of an Astronaut Quiz Answers

1. Where do Calories of energy come from? How do our bodies use these Calories?
Calories come from food. Our bodies use the Calories for physical activity, mental function, and
new tissue growth.
2. When astronauts are living and working in space they need the proper food and amounts of
energy, just as you do when performing your daily tasks and schoolwork on Earth. Are the
nutritional requirements of an astronaut on orbit the same as when they are on Earth?
Explain.
The observation portion of the student section may be used as a reference.
3. List two things that you can learn from a Nutrition Facts label. How can you use this
information when planning menus? How can the scientists in food labs at NASA use this
same information?
Refer to the Nutrition Facts label for various answers.
4. Why is it important to know how many Calories are in a serving size and how many servings
you eat?
You need to eat close to the daily recommended Calories of energy each day for your size, age,
and gender (boy or girl) so that you’ll have enough energy to stay warm, walk, grow, and perform
your other daily activities, including: doing sports, helping at home, and doing homework
assignments. Even thinking takes energy! If you eat more Calories than you need, these may be
stored as fat (we all have some fat in our bodies). If you don’t eat enough Calories, you might feel
tired, weak, or dizzy. Since you haven’t eaten for several hours while you’re sleeping (Yes, you burn
Calories even sleeping!), it’s especially important to eat breakfast every morning.
5. Compare the energy needs of astronauts in space to their energy needs on Earth.
Although scientists are studying nutritional needs of astronauts for long duration space exploration,
astronaut’s caloric needs are more or less the same on Earth as they are in space.
6. What happens when we consume too many Calories? Too few?
If you eat too few Calories, you will not have sufficient energy. If you eat too many Calories, your
body will store them in the form of fat.
7. What recommendations for providing astronauts with proper foods and amounts of energy
do you have for NASA? [Hint: Give several healthy food choices.]
Answers will vary.
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Appendix C
Energy of an Astronaut Glossary

Calorie

A unit of how much energy food has. Keep in
mind that big “C” Calories in food are actually
kilocalories, or 1000 little “c” calories.
Nutrition facts labels use Calories. Scientist
use calories and kilocalories.

energy

The ability to do work. The unit of energy
from food is the Calorie.

Nutrition Facts
label

The label required on most pre-packaged
foods.

portion size

The amount of a single food consumed at
any one time. A portion may contain one
serving, more than one serving, or less than
one serving. This depends on the consumer’s
need or want. Selected “portions” are not
comparable, but clearly defined “serving
sizes” are.

serving size

A standardized amount of a food, such as a
cup or an ounce, used in planning menus.
Serving size is useful in making comparisons
between types of foods.

unit

The amount of something, or the word that
goes after a number. Some units of distance
or length are inches, feet, centimeters, and
meters. Some units of money are dollars and
cents. Some units of energy are Calories,
calories, and kilocalories.
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Energy of an Astronaut Glossary (Continued)

problem
hypothesis

countermeasures

microgravity

A question to be investigated.

An educated guess to answer a
problem/question.

Steps taken (measures) to prevent (counter)
something. Eating properly to avoid getting
sick is a countermeasure.

Very little apparent gravity experienced in
space.

Scientific Method

A method of investigation involving
observation and theory to test scientific
hypotheses.

nutrition

Food or nourishment needed to keep an
organism growing, healthy and viable.
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Appendix D
Name _____________________________
Food Pyramid Data Sheet
Directions:
1. Number from 1 to 6 and fill in the name of each of the 6 food groups (e.g. 1-Grains)
2. Obtain pencils or crayons and color each section a different color.
3. List 3 examples of different foods in each category on either side of the Food Pyramid under the
category name.
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Appendix E
Daily Calorie Requirements
Use one of the calorie intake calculating methods below. You may choose the method that best fits
your student population.


Calorie Intake suggestions for children from the Institute of Medicine, Food and Nutrition Board:
Dietary reference intakes for energy and the macronutrients, carbohydrates, fiber, fat, fatty
acids, cholesterol, protein and amino acids, Washington D.C. 2002, National Academy Press.
Calorie = 1000 calories or 1 kcal
Most people are referring to Calories, but scientists usually talk about calories or kcal.
Daily Dietary Reference Intakes



Males (kcal)

Females (kcal)

3-8 years

1742

1642

9-13 years

2279

2071

The Mifflin formula can be used to calculate daily Calorie needs.
Daily Calorie Needs of Males =
10 x weight in kg + 6.25 x height in cm – 5 x age in years + 5
Daily Calorie Needs of Females =
10 x weight in kg + 6.25 x height in cm – 5 x age in years – 161



Below are two references for youth Calorie calculators
http://www.freedieting.com/tools/calorie_calculator.htm
http://pediatrics.about.com/library/bl_calorie_calc.htm
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Name _____________________________

Appendix F

Fit Explorer Personal Five-Day Menu Planner
My Daily Calorie Requirement: _________

Breakfast

Lunch

Dinner

Snacks

Daily Calories

Monday

Tuesday

Wednesday

Thursday

Friday
1. List several different food servings in each box to create appetizing and nutritious meals and snacks. Use colorful foods that you like, but
that are healthy.
2. Make sure you include food choices from all parts of the Food Pyramid every day, if not at every meal.”
3. Include the Calories of each serving after the food (check the Nutrition Facts labels). Make a list in pencil of all the food serving Calories
each day. Add up the Calories for each day. NOTE: A computer spreadsheet program like Microsoft Excel or Microsoft Works can help
make this easy math! For each day, make a table with the kinds of food in column 1 and the Calories in column 2, then use “sum” to add
the Calories. Your teacher can show you how to make a spreadsheet. It’s fun!
4. Did your total Calories in each day’s food servings come within 200 Calories of your daily Calorie requirement?
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Appendix G

Scientific Investigation Rubric
Investigation: Energy of an Astronaut

Student Performance Indicator

0

1

2

3

4

Developed a clear and complete
hypothesis.

Made no
attempt at
developing a
clear and
complete
hypothesis.

Made very
little attempt
at developing
a clear and
complete
hypothesis.

Developed a
partial
hypothesis.

Developed a
complete but
not fully
developed
hypothesis.

Developed a
clear,
complete
hypothesis.

Followed all lab safety rules and
directions.

Followed no
lab safety
rules.

Followed one
lab safety
rule.

Followed two
or more lab
safety rules.

Followed
most of the
lab safety
rules.

Followed all
of the lab
safety rules.

Followed the scientific method.

Followed
none of the
steps to the
scientific
method.

Followed one
of the steps
to the
scientific
method.

Followed two
or more of
the steps to
the scientific
method.

Followed
most of the
steps to the
scientific
method.

Followed all
of the steps
to the
scientific
method.

Recorded all data on the data
sheet and drew a conclusion
based on the data.

Showed no
record of data
and no
evident
conclusion.

Showed one
record of data
collection and
did not
complete the
conclusion.

Showed two
or more
records of
data
collection and
showed a
partial
conclusion.

Showed most
data recorded
conclusionnearing
completion.

Showed all
data recorded
and a
complete
conclusion.

Asked engaging questions related
to the study.

Asked no
engaging
questions
relating to the
study.

Asked one
engaging
question
relating to the
study.

Asked two
engaging
questions
relating to the
study.

Asked three
engaging
questions
relating to the
study.

Asked four or
more
engaging
questions
relating to the
study.

Did not
answer the
study data
questions.

Began the
study data
questions.

Had the
study data
questions
partially
completed.

Had the
study data
questions
nearly
complete.

Had a
completed
set of study
data
questions.

Answered the study data
questions following the activity.

Point Total
4=Excellent/Complete/Always follows directions/Organized
3=Good/Almost complete/Almost always/Usually organized
2=Average/About half done/Sometimes/Sometimes organized
1=Poor/Incomplete/Rarely follows directions/Disorganized
0=No work/Didn’t follow directions/Interfered with work of others

Grading Scale:
A = 22 - 24 points

B = 19 - 21 points
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Train Like an Astronaut:
Adapted Physical Activity Strategies
Explore and Discover
YOUR MISSION
You will safely carry weighted objects from the Exploration Area back to your Base
Station to improve aerobic and anaerobic fitness. You will also record observations
about improvements in aerobic and anaerobic fitness during this physical experience in
your Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 2.03.06.01 Structure tasks and activities to account for difficulty in
anticipation for individuals with figure-ground problems involved in ball activities.
Activity Specific Terms/Skills
Pacing, endurance, team work, change of direction, recognizing

SPACE RELEVANCE
To explore the Moon and Mars, astronauts must complete the tasks of walking to
collection sites, taking samples, carrying science experiments, and safely lifting
objects they discover to return to base station. In order to complete this work,
astronauts must physically prepare by regularly practicing activities such as walking,
running, swimming, and lifting weights.

WARM-UP & PRACTICE
 quats
S
Twists
Locomotive Dance
Jump in place
Practice locating heart beat; perform physical activity to note heart rate change
Separate tasks into smaller steps and perform only the individual steps
While squatting, pick up and remove balls. Reverse process to return balls to
original position
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Suggested Adapted
Equipment:
Balloon, or various
objects that can
be carried

Explore and Discover
LET’S “TRAIN LIKE AN ASTRONAUT!”
Adjust steps and procedures as appropriate for participants

Instructions for individual play:
Begin at the Base Station. The medic will help take the explorer’s heart rate and
record it in the explorer’s Mission Journal. The medic will ask the explorer how
they feel and record responses in the explorer’s Mission Journal.
When instructed, the explorer will walk to the Exploration Area to collect mission
samples. It is important that the explorer does not run during this mission.
The explorer will safely lift one mission sample and take it to the Base Station.
The explorer will continue to collect six mission samples of different sizes and
weights, safely lifting one mission sample at a time and taking it to the Base
Station. After all mission samples are at the Base Station, the explorer will return
all mission samples one at a time to the Exploration Area. When all mission
samples are back in the Exploration Area, return to the Base Station.
With the medics help, the explorer will take their heart rate after the Exploration
Mission and record it in their Mission Journal. The medic will ask questions about
the explorer’s physical condition and record answers in the explorer’s Mission
Journal.

TRY THIS! Some ideas for Adapted Activity

Different
size balls
Magnetic items
Use hook and loop fasteners to stick objects to wall
Change distance and number of objects
Use baskets or buckets
Extended reach gripper
Carry objects in backpacks
Items on table
Relay format
Tie balloons onto objects to make easier to see
Use tether rope or sight guide
Use wheelchair. Place objects on tray.
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MISSION X: MISSION HANDOUT

YOUR MISSION:

Explore and Discover

You will safely carry weighted objects from the Exploration Area back
to your Base Station to improve aerobic and anaerobic fitness. You will
also record observations about improvements in aerobic and anaerobic
fitness during this physical experience in your Mission Journal.

Whether you are walking a mile or moving slowly to help someone carry
a heavy object, your body must regulate oxygen levels. Your body uses
oxygen for energy as aerobic activity, whereas anaerobic exercise
makes the body produce energy without oxygen. Certain activities will
strengthen both aerobic and anaerobic systems at the same time.
MISSION QUESTION:
What is a physical activity that would help your heart and lungs
become stronger as you increase your aerobic and anaerobic activity?

Think Safety!
Astronauts know that using correct lifting techniques are important both
on Earth and in space.
Bend your knees to lower yourself. As you lift an object, keep
your back straight and use your legs to stand up straight.
Do not run at any time during this mission.
Avoid obstacles, hazards, and uneven surfaces.
Remember that drinking plenty of water is important before,
during, and after physical activities.

By doing regular aerobic activity, your heart and lungs will become stronger. This
allows you to do more physical activities longer without having to stop and rest.
Regular anaerobic activity can make your muscles stronger and allow you to do
more activities with strength and speed. Your mission purpose is to strengthen both.
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English_A6

EXPLORE AND DISCOVER

MISSION ASSIGNMENT:

Aerobic/Anaerobic Training

Pre-Activity: Heart Rate
Calculate and record your Target Heart Rate (THR) in your Mission Journal.
Exploration Mission One
One team member will be the mission control medic.
One team member will be the mission explorer.
Begin at the Base Station.
The medic will help take the explorer’s heart rate and record it in the explorer’s
Mission Journal.
The medic will ask the explorer how they feel and record responses in the explorer’s
Mission Journal.
When instructed, the explorer will walk to the Exploration Area to collect mission samples.
It is important that the explorer does not run during this mission.
The explorer will safely lift one mission sample and take it to the Base Station.
The explorer will continue to collect six mission samples of different sizes and weights,
safely lifting one mission sample at a time and taking it to the Base Station.
After all mission samples are at the Base Station, the explorer will return all mission
samples one at a time to the Exploration Area.
When all mission samples are back in the Exploration Area, return to the Base Station.
With the medics help, the explorer will take their heart rate after Exploration Mission One
and record it in their Mission Journal.
The medic will ask questions about the explorer’s physical condition and record answers
in the explorer’s Mission Journal.
The explorer should prepare to start Exploration Mission Two without sitting down.
Exploration Mission Two
Begin at the Base Station.
The explorer will stand as they squeeze two stress balls, one in each hand, for
30 seconds.
The medic will tell the explorer when 30 seconds are up.
After 30 seconds, the explorer will walk to the Exploration Area to collect mission
samples. It is important that the explorer does not run during this mission.
The explorer will safely lift one mission sample and take it to the Base Station.
The explorer will continue to collect six mission samples of different sizes and weights,
safely lifting one mission sample at a time and taking it to the Base Station.
Every time they return to the Base Station, the explorer will squeeze the stress balls for
30 seconds. The explorer will remain standing while squeezing the stress balls.
After all mission samples are at the Base Station, the explorer will return all mission
samples one at a time to the Exploration Area. Do not squeeze the stress balls this time.
With the medic’s help, the explorer will take their heart rate after Exploration Mission
Two and record it in their Mission Journal.
The medic will ask questions about the explorer’s physical condition and record answers
in the explorer’s Mission Journal.
Follow these instructions to train like an astronaut.

EXPLORE AND DISCOVER

It’s a Space Fact:
Oxygen:
A colorless gas
found in air. It is
one of the basic
elements on
Earth and is
needed by all
living things.
Aerobic:
A physical
activity which
uses the arm
and leg muscles
and gives the
heart and lungs
a continuous
workout.
Anaerobic:
A physical
activity which
improves your
muscle tone but
does not depend
on oxygen.
Base Station:
A home-base on
the Moon or
Mars where
astronauts will be
stationed.
Target
Heart Rate:
A heart rate that
is attained during
aerobic exercise
and represents
the minimum
level of exertion
at which cardiovascular fitness
can increase for
an individual in a
given age group.

To explore the surfaces of the Moon and Mars, astronauts must be able to
physically complete the tasks required of them. This includes walking to
collection sites, taking core samples of soil, collecting rocks, and safely lifting
other objects they find. Astronauts also need to carry science experiments
from the base station out to the lunar surface for collecting and sending
information back to Earth. Astronauts are already doing work similar to this
on the International Space Station (ISS). Astronauts are doing spacewalks to
install new modules to the ISS, putting in new experiment racks, moving
equipment, and doing daily chores. In order to complete this hard work,
astronauts must be physically prepared. To prepare, astronauts regularly
practice aerobic activities such as walking, running, or swimming. They also
work their anaerobic system by lifting weights.

Mission Explorations:
Create a class graph that includes the heart
rates of each explorer at the beginning of their
mission and the end of their mission. Compare
your data with the class. How did the heart
rate change throughout this Train Like an
Astronaut mission?
Create a list of clues for finding a hidden
object of your choice. Give these clues to
other class members and have them explore
for that hidden object.

FITNESS ACCELERATION:

Test Yourself!

In a large defined area search for five hidden mission samples. Try to
find and return five objects to your Base Station in two minutes. Make
sure to check your heart rate before and after the exploration.
Each group should try to find a specified amount of mission samples in
a given amount of time. These mission samples must have a combined
weight of at least 15 lbs (6.8kg). For example, you have five minutes to
find four mission samples that have a combined weight of 15 lbs (6.8kg).

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

EXPLORE AND DISCOVER
Learning Objectives
Students will:
 safely carry weighted objects from the Exploration Area back to your Base Station to improve
aerobic and anaerobic fitness; and
 record observations about improvements in aerobic and anaerobic fitness during this physical
experience in their Mission Journal.

Introduction
Have you exercised your heart today? Most students exercise their heart and don’t even know it. If
students have played soccer, basketball, hopscotch, jumped rope, gone swimming, or rode their bike to
school, they have exercised their heart. The heart is a muscle that works better when it is strong. The
heart can become stronger with regular physical activity and exercise. It is important to get involved in
physical activity in order to get, and keep, the heart and other muscles physically fit. Get your body
moving and make your heart stronger.
Exercise is essential to maintaining cardiovascular health, bone strength, and strong muscles. There
are two types of exercise: aerobic and anaerobic. Aerobic and anaerobic exercise work together to give
you a healthy heart and body. Aerobic exercise involves the use of oxygen to produce energy, whereas
anaerobic exercise makes the body produce energy without oxygen. You may be asking yourself which
of these two types of exercise is most important for the body.
The literal meaning of aerobic is oxygen. An aerobic exercise includes any activity that uses the large
muscles of the body such as your arms and legs. These muscles should be moving in repetitive
motions for an extended period of time. The ideal activity should last at least 20 minutes and have
constant movement. Aerobic activity helps reduce stress, increase blood circulation, strengthen the
heart and lungs, as well as help build up endurance. It also helps strengthen bones, burn fat, and lower
blood sugar. Find a fun aerobic activity you enjoy doing for at least 20 minutes a day and you will find
you have more energy and feel healthier.
Anaerobic activities build agility as well as strengthen and tone muscles. However, anaerobic activities
are not as beneficial to the heart and lungs as aerobic activities. Anaerobic activity has been shown to
increase your longevity. For example, resistance training increases bone mass, reduces muscle loss,
and improves balance.
It is important to have an exercise routine that incorporates both aerobic and anaerobic activities; this
will balance your fitness regimen. Both types of exercise will help maintain muscle, improve bone
density, and optimize the cardiovascular system. This will provide benefits of optimal physical fitness.
Exercise is important to people on Earth, but it is essential for astronauts who travel into space.
Astronauts don’t feel the effects of gravity; therefore, astronauts don’t have to use their muscles as
much during normal everyday activities in space. On Earth, every time you take a step, you lift the
weight of your body using your muscles.
In space, astronauts experience microgravity. This makes them feel weightless. Moving around is an
effortless task in a microgravity environment. Imagine floating around the room and moving objects
around with one small push. It sounds like you would need to possess extraordinary strength, but in
reality, astronauts begin to lose strength and their muscles become weak. Astronauts also experience
decreased bone density, loss of muscle mass, heart and blood vessel changes, and shifts in fluids.
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To counteract these changes, astronauts must continue their aerobic and anaerobic exercises in the
space environment. Keeping physically fit during their stay in space will help them adapt to Earth’s
gravity upon their return. An astronaut does not want to return to Earth with limited use of his or her
muscles; therefore, every astronaut follows a series of exercises based upon their individual fitness
needs and goals. Both the space shuttle and International Space Station (ISS) are equipped with
exercise equipment adapted to work in the microgravity environment of space. Astronauts follow an
exercise schedule to do aerobic and anaerobic exercises to countermeasure the effects of microgravity
on their bodies.
Next time you have to move large bulky objects around the house or in your classroom, imagine what it
would be like to move that object if you had just spent six months in space without working on your
aerobic and anaerobic fitness. Do you think that would be an easy task?
As students plan their fitness activities for the day, encourage them to include both aerobic and
anaerobic activities in their plan. Here is a list of examples of aerobic and anaerobic activities.
Aerobic Activities
Brisk walking
Dancing
Jogging
Bicycling
Skating
Swimming
Snow shoveling
Leaf raking
Lawn mowing
Jumping rope

Anaerobic Activities
Baseball
Sprinting
Tennis
Weightlifting
Leg lifts
Arm circles
Sit-ups

Administration
Follow the outlined procedure in the Explore and Discover Mission Handout. The duration of this activity
can vary, but will average 30-45 minutes. In order for students to perform at their maximum potential,
positive reinforcement should be used throughout the activity.
Follow Set-up procedures to prepare the mission samples and the Exploration Area.
 Before students start their mission, instruct students how to take a proper heart rate (Appendix A).
o Students should lie on the floor and relax for five minutes.
o At the end of five minutes, have students stand up and take their pulse rate using the
following instructions:
 Use the pads of your index and middle fingers to find the pulse on your left wrist. With
your left hand turned upward, feel for the base of your thumb with your right fingers.
Move your fingers to just about an inch below the thumb base and press down lightly
until you feel an intermittent "throbbing" sensation in your wrist; that's your pulse. You
can also take your pulse on the side of your neck by lifting your chin slightly and feeling
for your pulse in the "soft spot" on your throat (just to the side of the "Adam's apple").
Feel around until you detect a pulsing sensation.
 Once you've found your pulse, look at a clock or watch with a second hand and count
the number of beats for a period of 10 seconds. (Begin the count with zero.) Multiply the
number of beats by six to find out your "heartbeats per minute."
o Find the student’s Target Heart Rate (THR) and have them enter it in their Mission Journal.
 (220-your age)0.7 = THR
www.trainlikeanastronaut.org
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Your heart is a muscle that pumps blood throughout your body. It is your body's engine.
Your heart rate is a measurement of how many times it beats in a minute. The more your
heart beats, the more it is working. Target heart rates let you measure your initial fitness
level and monitor your progress in a fitness program.
Explain to the students how they will take their heart rate before and after Exploration Mission
One and Exploration Mission Two.
Divide students into teams of two. The students should keep the same roles in both Exploration
Mission One and Exploration Mission Two. This is important to keep a constant variable and
see results.
o There will be two students working at each Base Station. This makes 12 students total
exploring at one time. If your class is larger than 12 students have the remaining students sit
on the sidelines as mission controllers.
 The mission controllers will be observing and making sure each team is following
directions carefully. The mission controllers will write their observations about each
exploration mission. These observations include:
 Are the teams working well together?
 Are they following all the instructions?
 Are they walking, starting at the Base Station, and standing to squeeze the stress
balls?
 They will also make observations about the team’s aerobic and anaerobic activity. What
is the difference between the two in the activity?
 Finally they will write about how they think the heart rate will change.
 Do the heart rates of the explorers go up as they explore?
 Why is the heart rate rising?
Have students perform Exploration Mission One.
Remind students to record their heart rate in their Mission Journal after Exploration Mission
One. The mission control medic is responsible to collect this data.
Have students perform Exploration Mission Two.
Once each team completes their missions, have them come back to their Mission Journal and
write an observation about their own mission, answering similar questions as the mission
controllers did about the mission’s they observed.
If time permits in your schedule, allow students to change positions and start the activity again.
This time the explorer becomes the mission control medic.
To stress the aerobic system, instruct students to continue to move around the entire time
including between Exploration Mission One and Exploration Mission Two. Do not allow time to
rest until all the mission samples are found and both Exploration Mission One and Exploration
Two are completed.
Focus students on working together and practicing being safe while lifting and carrying.

Location


This activity may be conducted indoors in a large area such as a gym with a basketball court or
an outdoor activity area.
To measure distance traveled, educators may wish to provide students with a wearable
pedometer.

Set-up
Preparing the Mission Samples:
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Explore and Discover – Educator Guide 3/11




Collect 30 balls (mission samples) in five different weights and sizes. These balls will represent
mission samples collected by explorers.
Optional: Use the tape and markers to label the balls as various space objects such as, rocks,
meteorites, comets, asteroids, space debris, and satellites.

Preparing the Exploration Area:
Activity Area






Identify a large area free of obstacles to perform this activity.
In no particular order, place the mission samples in the Exploration Area. Use the hula hoops to
keep the mission samples in the Exploration Area. Teams may not go out of this area to find
mission samples.
Designate six Base Stations on the outside of the activity area evenly spread at an equal
distance from the Exploration Area. These areas will be the Base Stations for the teams.

Equipment







Mission Journal and pencil
12 stress balls (a small object or ball students can squeeze in their palm)
30 balls in five different weights and sizes, such as:
o six tennis balls
o six softballs
o six soccer balls
o six basketballs
o six large yoga balls
three hula hoops, these will keep the balls from rolling away from the Exploration Area.
a watch, six stopwatches, or clock with a second hand to take heart rate.

Optional equipment:
o heart rate monitor
o pedometer
o markers to write space object names on balls
o masking tape to write space object names on balls.
If any of the data collection devices listed is new to the students, consider familiarizing the students with
that instrument a few days before the physical activity begins.
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Safety








It is important that the students walk, not run, at all times during this activity.
While objects may be located in or near the path of the students, every attempt should be made
to keep the area safe for students to walk.
The weight of all objects should not exceed 15 pounds.
Always stress proper technique while performing exercises. Improper technique can lead to
injury.
Proper hydration is important before, during, and after any physical activity.
Be aware of the signs of overheating.
A warm-up and cool-down period is always recommended.
For information regarding warm-up/stretching and cool-down activities, reference the Get Fit
and Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and
Sports at http://www.presidentschallenge.org/pdf/getfit.pdf.

Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use descriptors to
verbally communicate their answers.
Use the following open-ended questions before, during, and after practicing the physical activity to
help students make observations about their own physical fitness level and their progress in this
physical activity:















How do you feel?
Did it get harder as you found more mission samples?
When did you feel your heart beat fastest?
When did you feel yourself breathing hardest?
What muscles did you use to lift the mission samples?
o upper and lower back muscles
o arm muscles
o leg muscles
o abdominal muscles
What made this activity aerobic?
What made this activity anaerobic?
What other activities might be aerobic or anaerobic?
What challenges did you face exploring for the mission samples?
What are some challenges astronauts may face in exploring for objects?
o the microgravity environment of space
o no atmosphere
o wearing a bulky space suit with limited movement
o limited time for exploration
o not having the right tools for exploration
What challenges did you face in getting the mission samples to the Base Station?
What are some challenges astronauts may face in safely returning objects or samples?
o not having the proper equipment for exploration
o objects may be too bulky to carry
o objects may be contaminated with other material
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How well did you work with your team?
Would it be easier working alone? Why?
Would it be easier for astronauts to explore without their crew members? Why?
Would these objects weigh the same on the Moon or Mars?
o

The mass, amount of material that makes up an object, will always be the same. The weight
of an object will be different on each planet due to gravity. Each planet has a different
gravitational pull. The greater the gravitational pull, the more an object will weight. The
weaker the gravitational pull, the less and object will weigh. Take the Moon and Mars for
example:


The Moon’s mass is about one-eightieth of the Earth's mass. Because the force of
gravity at the surface of an object is the result of the object's mass and size, the surface
gravity of the Moon is only one-sixth that of the Earth. The force gravity exerts on a
person determines the person's weight. Even though your mass would be the same on
Earth and the Moon, if you weigh 132 pounds (60 kilograms) on Earth, you would weigh
about 22 pounds (10 kilograms) on the Moon.



The gravity on Mars is much lower than on Earth, In fact the gravity on Mars is 38% the
gravity on Earth. If you weight 220 pounds (100 kilograms) on Earth, you would only
weigh 84 pound (38 kilograms) on Mars.

Some quantitative data for this physical activity may include:
 number of mission samples found
 length of time for all mission samples to be found
 size of the area explored
 monitoring heart rate (beats per minute)
 steps taken (using a pedometer)
 rate of perceived exertion (on a scale of 1-10)
Some qualitative data for this physical activity may include:
 identifying challenges in communication



identifying soreness in body parts

Collect, Record and Analyze Data
Students should record observations about their physical experience in their Mission Journal before
and after the activity. They should also record their physical activity goals and enter qualitative data for
drawing conclusions.
 Monitor student progress throughout the physical activity by asking open-ended questions.
 Time should be allotted for the students to record observations about their experience in their
Mission Journal before and after the physical activity.


Graph the data collected in the Mission Journal on the graph paper provided, letting students
analyze the data individually. Share graphs with the group.

Students should practice the Mission Handout physical activity several times before progressing or
trying the related Fitness Accelerations and Mission Explorations.
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Fitness Acceleration




In a large defined area search for five hidden mission samples. Try to find and return five
objects to your Base Station in two minutes. Make sure to check your heart rate before and after
the exploration.
The teacher will hide various items in a large defined area. These items can be from around the
classroom that students can lift such as a stapler, tape dispenser, etc. Time the students.
Each group should try to find a specified amount of mission samples in a given amount of time.
These mission samples must have a combined weight of at least 15 lbs. For example, you have
five minutes to find four mission samples that have a combined weight of 15 lbs.
Have a scale available to students to find the weight of their mission samples. Use various
objects other than balls such as clip boards, staplers, or different objects in the classroom.

Mission Explorations




Create a class graph that includes the heart rates of each explorer at the beginning of their
mission and the end of their mission. Compare your data with the class. How did the heart rate
change throughout this Train Like an Astronaut mission?
Create a list of clues for finding a hidden object of your choice. Give these clues to other class
members and have them explore for that hidden object

National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies, and
tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and others in
physical activity settings.
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or
social interaction.
National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication skills to
enhance health and avoid or reduce health risks.
o 4.5.1 Demonstrate effective verbal and non-verbal communication skills to enhance
health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to enhance
health.
o 5.5.4 Predict the potential outcomes of each option when making a health related
decision.
o 5.5.6 Describe the outcomes of a health related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
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Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and
avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve
personal health.

National Science Education Standards:
Standard F: Science in Personal and Social Perspectives
 Personal health (K-8)
Standard B: As a result of the activities in grades K-4, all students should develop an understanding of:
 properties of objects and materials
 position and motion of objects

National Initiative
Supports the Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 and may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.

Resources
For more information about space exploration, visit www.nasa.gov.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
For more information on proper lifting technique:
http://www.mayoclinic.com/health/back-pain/LB00004_D
For more information on aerobic and anaerobic systems:
http://www.americanheart.org/presenter.jhtml?identifier=3003065
For guidelines to prevent heat-related illnesses:
National Athletic Trainers’ Association (NATA)
 Exertional Heat Illnesses (Position Statement)
http://www.nata.org/statements/position/exertionalheatillness.pdf
 How to Recognize, Prevent & Treat Exertional Heat Illnesses
http://www.nata.org/newsrelease/archives/000056.htm
Centers for Disease Control and Prevention (CDC)
 Extreme Heat: A Prevention Guide to Promote Your Personal Health and Safety
http://www.bt.cdc.gov/disasters/extremeheat/heat_guide.asp
For guidelines for fluid replacement and exercise:
National Athletic Trainer’s Association (NATA)
 Fluid Replacement for Athletes (Position Statement)
http://www.nata.org/statements/position/fluidreplacement.pdf
For information on warm-up and cool-down stretches, visit:
American Heart Association (AHA)
 Warm-up and Cool-down Stretches
http://americanheart.org/presenter.jhtml?identifier=3039236
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For information about Rate of Perceived Exertion (RPE), visit:
Centers for Disease Control and Prevention (CDC)
 Perceived Exertion
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/perceived_exertion.htm
For guidelines on heart rate and exercise, visit:
Centers for Disease Control and Prevention (CDC)
 Target Heart Rate and Estimated Maximum Heart Rate
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/target_heart_rate.htm
American Heart Association (AHA)
 Target Heart Rates
http://www.americanheart.org/presenter.jhtml?identifier=4736

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program Education and Outreach
team with thanks to the subject matter experts who contributed their time and knowledge to this NASA Fit
Explorer project.

Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
David Hoellen, MS, ATC, LAT
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
John Dewitt
Biomechanist, Exercise Physiology Laboratory
NASA Johnson Space Center
Daniel L. Feeback, Ph.D.
Head, Muscle Research Laboratory
Space Shuttle and Space Station Mission Scientist
NASA Johnson Space Center
Carwyn Sharp, Ph.D.
ECP Project Scientist, Biomedical Research & Countermeasures Projects
NASA Johnson Space Center
Steven H. Platts, Ph.D.
Senior Research Scientist and Lead
Cardiovascular Laboratory
NASA Johnson Space Center
http://www.dsls.usra.edu/platts.html
http://hacd.jsc.nasa.gov/labs/cardiovascular.cfm
Linda H. Loerch, M.S.
Manager, Exercise Countermeasures Project
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/projects/ecp.cfm
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Appendix A

Finding your Heart Rate
Pulse
What is your pulse? Your pulse is your heart rate, or the number of times your heart beats in one
minute. Your pulse rates may be different than your classmates. Your pulse is lower when you are at
rest and increases when you exercise. Your pulse goes up because more oxygen-rich blood is needed
by the body when you exercise.

Finding your pulse on your wrist:
1. Place the tips of your index, second, and third fingers on the palm side of your other wrist, below
the base of the thumb.
2. Move your fingers to just about an inch below the thumb base and press down lightly until you
feel an intermittent "throbbing" sensation in your wrist; that's your pulse.
3. Use a stopwatch, watch with a second hand, or look at a clock with a second hand.
4. Count the beats you feel for 10 seconds. Multiply this number by six to get your heart rate
(pulse) per minute.

Finding your pulse on your neck:
1. Place the tips of your index and second fingers on your lower neck, on either side of your
windpipe or Adams apple.
2. Press down lightly until you feel an intermittent "throbbing" sensation in your wrist; that's your
pulse.
3. Use a stopwatch, watch with a second hand, or look at a clock with a second hand.
4. Count the beats you feel for 10 seconds. Multiply this number by six to get your heart rate
(pulse) per minute.

Finding your resting heart rate and target heart rate:
Find the student’s Target Heart Rate (THR) and have them enter it in their Mission Journal.
(220-your age)0.7 = THR
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Mission One:
1. Resting Heart Rate: _________________ X 6 =__________________
(Beats in 10 seconds)

(You’re Pulse)

2. Target Heart Rate: 220 - _____ = ______ (Target Heart Rate)
Did your heart rate increase? YES

NO

If yes, how much did your heart rate increase? _______

Mission Two:
1. Resting Heart Rate: _________________ X 6 =__________________
(Beats in 10 seconds)

(You’re Pulse)

2. Target Heart Rate: 220 - _____ = ______ (Target Heart Rate)
Did your heart rate increase? YES

NO

If yes, how much did your heart rate increase? _______

What is a normal pulse?
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Age Group?

Normal Heart Rate at Rest

Children (Ages 6-15)

70-100 beats per minute
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Mission X: Train Like an Astronaut

HYDRATION STATION
Student Name
This lesson will help you understand the importance of staying
hydrated while also indentifying the signs of dehydration. You will
also be able to recognize the importance of hydration for humans
here on Earth and astronauts exploring the outer space.

Problem
How can I create simulated urine to identify different levels of
hydration?

Observation
Dehydration can affect an athletic performance and increase the
risk of a medical emergency. During athletic events or physical
activity most athletes do not make it a priority to drink sufficient
liquids to prevent dehydration. The consumption of liquids can be
modified by educating the athlete and increasing accessibility of
liquids during physical activity. However, athletes are not the only
ones who are at risk. The elderly, children, labors and individuals
enjoying outdoor activities are also at risk of suffering the
symptoms of dehydration. Children sweat less than adults. This
makes it harder for children to cool off. Parents and coaches
must make sure that children take it slow to be sure they can get
used to the heat and humidity gradually. Dehydration is a major
cause for hospitalization among the elderly. Elderly are more
susceptible to dehydration due to less fluid content in the body,
they carry about 10 percent less than the average adult body.
The elderly also have a reduced sense of thirst and loss of
appetite that can trigger dehydration.
Space explorers must maintain proper hydration levels while on
an exploration missions. As astronauts reach the space
environment, they stop feeling the pull of gravity. The normal
functions of the body begin to change as the fluids in the body
begin to shift towards the head. As the body detects the extra
fluid in the upper body, the body believes there is too much fluid
and the body begins to get rid of what it thinks are extra fluids.
This large loss of fluids can result in dehydration for astronauts.
In order to avoid this dehydration, astronauts must drink lots of
fluids while in orbit. Dehydration can be very dangerous,
astronauts must make sure they are not dehydrated while
completing their tasks on a mission, whether inside or outside the
space exploration vehicle, just like they do on earth astronauts
need adequate hydration to maintain proper health.

Discovery Lesson
Materials
Per class:
 Chart paper or small poster board
 Markers
 Pencils
 Computer with Internet access for
teacher use
 Library access
 LCD projector overhead projector
 Copies of hydrate the Astronaut
 One water bottle picture per class
 2-3 bandanas
 Plastic clear cups
 Disposable 8inch plates
 Toothpicks
 Yellow, Red and Green food
coloring
 Urine color chart
Per group:
 Chart paper
 Markers
 2 computers with internet access
 Hydration/Dehydration chart or
poster
 Four clear plastic cups
 1 disposable 8 inch plate
 Two toothpicks
 Yellow, Red and Green food
coloring
 Urine hydration color chart
 Hydration cards
Per student:
 Hydration Student Section
 Hydrate the Astronaut log
 Urine hydration color chart
 24 hour hydration log
Safety
It is important to stay hydrated during
any type of exercise. Wear the
proper attire for the appropriate
physical activity. Remind the
students the importance of proper

internet use.

Brainstorm with your group about Hydration by completeing the
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first two columns in the KWL (KNOW/WANT TO KNOW/LEARNED) chart.

KNOW

WANT TO KNOW

LEARNED

Hypothesis
Based on your observation answer the problem question with your best answer. Problem: How can I
create simulated urine to identify different levels of hydration?

_______________________________________________________________________
Test Procedure
Hydration Poster
1. As a class discuss the importance of staying hydrated, what are some risk of dehydration and
the best methods to keep hydrated.
2. You will discuss and make observations about hydration by designing and creating a hydration
web poster. While creating your group poster keep the following questions in mind. Be to
present your group poster to the class.


What is dehydration?



What are the causes of dehydration?



What are the signs of dehydration?



How can dehydration be prevented?



Why is it important to keep your body hydrated?



What are the best beverages to stay hydrated?



Do you think hydration is important to astronauts while they are in space? When should
an astronaut be concerned about hydration in space?

Hydrate the Astronaut
1. As you play hydrate the human write a small paragraph in your mission journal about the organ
explaining why this body system depends on water to function properly. Color in the body
system as they are hydrated during the game.

www.trainlikeanastronaut.org

Hydration Station – Student Section 2/6

Simulated Urine
1. You should work in groups of three or four during this lab.
2. Collect the following materials with your group.
a. Four plastic cups
b. Yellow, red, and green food coloring
c. A permanent marker
d. Make sure your group has access to water.
3. Label your cups 1-4
4. Fill each cup with 2oz of water
5. In cup 1 use a toothpick to add 1 dab of yellow food coloring.
6. In cup 2 use a toothpick to add 2 dabs of yellow food coloring.
7. In cup 3 add 1 drop of yellow food coloring.
8. In cup 4 add 1 drop of red food coloring 2 drops of yellow food coloring and 1 drop of green food
coloring.
9. Compare your simulated urine to the Urine color chart.
10. Arrange your simulated samples into the four hydration levels.
a. Optimal
b. Well Hydrated
c. Dehydrated
d. Seek Medical Aid
11. Identify each sample of hydration levels by placing the hydration card next to the appropriate
simulated urine.

Record Data
1. You will keep a 12 hour hydration log to determine your own hydration levels. You will determine
is you are drinking enough liquids to maintain healthy hydration.
2. Make observations of your own urine to determine what category your urine would fall under. Is
your urine Optimal, Well Hydrated, Dehydrated or do you need to See Medical Aid. Use your
Hydration color chart to help you determine your hydration levels.
3. At NO time will you bring an actual urine sample into the classroom.
Study Data
After completing all investigations, study data by answering the following questions.
1. Why is hydration important to you?

2. What color best describes your urine color?

3. Would you consider yourself to be hydrated or dehydrated? What do you need to do to reach
optimal hydration?

www.trainlikeanastronaut.org

Hydration Station – Student Section 3/6

4. In your opinion, what can change your urine colors?

5. Why should you be concerned if your urine is a darker color rather than a light yellow to clear
color?

6. After observing your hydration levels for 12 hours, what time of the day did you find you were
dehydrated the most?

7. What circumstances do you think made your urine a darker color at this time of day?

8. What actions did you take to change your hydration levels?

Conclusion



Fill in the learned column in the KWL chart.
Restate your hypothesis then explain what happened during testing, including your results.
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12-Hour Hydration Log
Track your liquid intake within 12 hours. Use your Urine Color Test chart to categorize your urine. You
will complete the log on your own. At no time should you bring an actual urine sample into the
classroom.

Bathroom
Time
(hr)

Urine
Color
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Urine
Category

What I
drank

How much I
drank

Physical
Activity
(None, Low,
Moderate,
High)
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Mission X: Train Like an Astronaut

HYDRATION STATION
Educator Section
Introduction

Dehydration can be a problem for adults and children alike. Since
our bodies are made up of 50 to 70% water, it is essential to drink
plenty of fluids to keep our bodies healthy. Water plays many
important roles in keeping our body in peak performance by giving
nutrients to our cells, muscles, joints, our brain, skin and kidneys.
Water also regulates our body temperature, and helps our heart
function properly.
Space explorers must maintain proper hydration levels while in
space. As astronauts complete their tasks on an exploration
mission, whether inside or outside the space exploration vehicle,
astronauts need adequate hydration to maintain proper health.

Lesson Objective




Students will investigate the importance of staying
hydrated, proper hydration methods, and learn to identify
signs of dehydration.
Students will understand the role hydration plays in
keeping the body healthy.
Students will identify the own hydration levels by creating
simulated urine.

Problem
How can I create simulated urine to identify different levels of
hydration?
Learning Objectives

The students will:
 Draw a picture and make a web of what hydration is to
them.
 Investigate the importance of hydration to the human body.
 Create and investigate simulated urine samples and
recognize what their own urine would look like during
different levels of hydration.

Materials

Per class:
 Computer with Internet access for teacher use
 Library access
www.trainlikeanastronaut.org

Discovery Lesson
Grade Level: 3-5
Connections to Curriculum:
Science, Technology, Writing,
Mathematics, Health and
Physical Education
Science Processing Skills:
predicting, observing, comparing,
gathering, recording data
(American Association for the
Advancement of Science)
Teacher Prep Time: 30 minutes
Lesson Duration:
Prerequisite: knowledge of the
scientific method, science lab
safety rules, and basic physical
activity
National Education Standards:
Science, Technology,
Engineering, Mathematics,
Health, and Physical Education
National Wellness Initiative:
This activity meets the needs of
the federally mandated Local
Wellness Initiative, and may help
meet the needs of your Local
Wellness Plan.

-------------------------------Materials Required:
 Chart paper or small poster
board
 Pencil
 Markers
 Internet Connection
 Bandana
 Yellow, Red and Green food
coloring
 Clear cups
 8 inch disposable plate
 Toothpicks
 Water
 Hydration cards
 Colors
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One LCD projector or overhead projector
One water bottle picture
2-3 bandanas
Urine color chart

Per groups of 3-4 students:
 One poster board or chart paper
 One set of Markers
 Two computers with internet access
 One Hydration/Dehydration chart or poster
 Four clear plastic cups
 One disposable 8 inch plate
 Two toothpicks
 One small bottle of Yellow, Red and Green food coloring
 One Urine hydration color chart
 One set of Hydration cards
Per student:
 Hydration Student Section
 Hydrate the Astronaut
 Urine hydration color chart
 Pencil

Safety

Remind students of the importance of being hydrated during any type of exercise and wearing proper
attire. Remind the students the importance of proper internet use.

Pre-lesson Preparation (To be done the day before the activity.)
Hydration Web-Poster:
 Gather material for groups to work on their hydration web poster. Materials include:
o One poster board or chart paper
o One set of markers per team
 Provide an area with computers for students to do research.
 Place materials in an easily accessible area.
Hydrate the Astronaut
 Gather material to play Hydrate the Astronaut. Materials include:
o LCD Projector connected to a computer
o Hydrate the Astronaut silhouette PDF file (Appendix F)
o Blindfold
o Laminated water bottle (Appendix E)
o Masking Tape
o Colored pencils for each team
 Students will do this activity as an individual in the class, no groups will be needed.
 Print out hydrate the Astronaut for each student in your class. Find this in Appendix F.
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Be Prepared to project the Astronaut silhouette at the student’s eye level on a white board
or screen to make it larger.
Print, laminate, and cut water bottle pictures. Appendix E.

Simulated Urine
 Gather material to do simulated urine activity. Material include:
o Four plastic cups
o Yellow, red and green food coloring
o A permanent marker
o Print out urine color chart for each group
o Print out hydration cards for each group
o Eye protection
o Each group should have accessibility to water
 Place materials in an easily accessible area.

Lesson Development

To prepare for this activity, the following educator background information is recommended:


Read about the hydration in the National Space Biomedical Institutes’ textbook, “Human
Physiology in Space”, found at http://www.nsbri.org/HumanPhysSpace/index.html



Race from space coincides with Race on Earth.
http://www.nasa.gov/mission_pages/station/expeditions/expedition14/exp14_boston_marathon.
html



Read the following text taken from the Observation Section of the Hydration Station Student
Section.
Observation
Dehydration can affect an athletic performance and increase the risk of a medical emergency.
During athletic events or physical activity most athletes do not make it a priority to drink
sufficient liquids to prevent dehydration. The consumption of liquids can be modified by
educating the athlete and increasing accessibility of liquids during physical activity. However,
athletes are not the only ones who are at risk. The elderly, children, labors and individuals
enjoying outdoor activities are also at risk of suffering the symptoms of dehydration. Children
sweat less than adults. This makes it harder for children to cool off. Parents and coaches must
make sure that children take it slow to be sure they can get used to the heat and humidity
gradually. Dehydration is a major cause for hospitalization among the elderly. Elderly are more
susceptible to dehydration due to less fluid content in the body, they carry about 10 percent less
than the average adult body. The elderly also have a reduced sense of thirst and loss of
appetite that can trigger dehydration.
Space explorers must maintain proper hydration levels while on an exploration mission. As
astronauts reach the space environment, they stop feeling the pull of gravity. The normal
functions of the body begin to change as the fluids in the body begin to shift towards the head.
As the body detects the extra fluid in the upper body, the body believes there is too much fluid
and the body begins to get rid of what it thinks are extra fluids. This large loss of fluids can result
in dehydration for astronauts. In order to avoid this dehydration, astronauts must drink lots of
fluids while in orbit. Dehydration can be very dangerous, astronauts must make sure they are
not dehydrated while completing their tasks on a mission, whether inside or outside the space
exploration vehicle, just like they do on earth astronauts need adequate hydration to maintain
proper health.



If needed, additional research can be done on the following topics:
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o Hydration
o Dehydration
o Marathons


Physical activities that will use energy and allow your students to train like an astronaut can be
found in the NASA Fit Explorer Challenge at http://www.nasa.gov/fitexplorer

Instructional Procedure

Throughout this lesson, emphasize the steps involved in the scientific method. These steps are
identified in bold italic print throughout the Instructional Procedure Section.
1. Review the Scientific Investigation Rubric with your class. This performance rubric is located in the
Hydration Student Section. A sample of performance-based grading is located at the end of this
Educator Section.
2. Introduce the lesson objective and learning objectives to the students.
3. Have the students discuss and make observations about hydration needs by completing the first
two columns in the KWL (KNOW/WANT TO KNOW/LEARNED) chart in the Hydration Station
Student Section with their group. Use the KWL chart to help students organize prior knowledge,
identify interests, and make real world connections. As students suggest information for the KNOW
column, ask them to share how they have come to know this information.
4. Review the Hydration Glossary of vocabulary words with your class. (Appendix B) Post words for
students to see on your science word wall.
5. Have the students read the Observation Section in their Hydration Student Section and discuss
what they read with their group. Use your own technique to check for comprehension of the
Observation Section.
6. Review the problem with the students, “How can I create simulated urine to identify different levels
of hydration?”
7. Help the students refine their predictions into a hypothesis. In their student section, they should restate the problem question as a statement based upon their observations, materials and
predictions. As they formulate a hypothesis, have students include verbs from the objectives.
Encourage the students to share their hypotheses with their group.

Hydration Poster:
Have the students discuss and make observations about Hydration by designing and creating a
hydration web poster. See an example of a hydration web poster in Appendix?. Use the hydration
poster to help students organize prior knowledge, identify interests, and make real world connections.
8. Have students pick up all materials needed by their group to complete their hydration poster.
9. While students create their group poster encourage them to keep the following questions in mind as
they are creative with their poster.
 What is dehydration?
 What are the causes of dehydration?
 What are the signs of dehydration?
 How can dehydration be prevented?
 Why is it important to keep your body hydrated?
 What are the best beverages to stay hydrated?
 Do you think hydration is important to astronauts while they are in space? When should an
astronaut be concerned about hydration in space?
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Hydrate the Astronaut

1. Project the Astronaut silhouette on a white board or screen.
2. Give each student their own copy of Hydrate the Astronaut.
3. Blindfold a student and spin the student three times. Have the student place the water bottle on the
Astronaut.
4. The student will return to their desk and take a seat.
5. Depending on where the water bottle landed, ask the following questions
 Where did the water land?
 How is water helping this particular body part function properly.
 How would dehydration affect your health if this organ or body system was not getting
enough water to function?
6. The students should color in the organs that are being described and write a short paragraph about
hydration needs for this organ in their mission journal.
7. Continue this procedure until you have covered all the body systems and organs described below.
Here are some organs or body systems that require water to function properly.
A. Brain: Dehydration can impair your ability to concentrate. It may also affect your brain’s
processing and abilities as well as impair your short term memory.
B. Heart: Fluids play a role in keeping your blood pressure normal. Dehydration can decrease
cardiac output which may lead to increased heart rate and reduce your blood pressure.
C. Kidneys: Hydration is essential for Kidneys; water helps remove waste, toxins and excess
nutrients from the body. A healthy hydrated kidney filters approximately 180L (190quarts) of
water each day.
D. Digestive System: Water aids in the digestion of food, It’s found everywhere in your
digestive track from your saliva to the solution of enzymes of your lower intestine. Water
helps dissolve nutrients that are absorbed into your bloodstream and delivered to your cells.
E. Cells: Hydration is critical for transporting carbohydrates, vitamins and minerals to your
cells. Your cells then produce energy to help keep your going.
F. Muscles and Joints: Water is important for your muscles and joints, it helps cushion joints
and keeps muscles working properly. Your Muscles are made up of 70-75% water.
G. Temperature: Your body’s water helps dissipate heat, regulating your overall body
temperature. When you get too hot your body releases water by perspiring, thus removing
heat from your body. If you do not replace the water you lose through perspiration your body
can become dangerously overheated.
H. Skin: Staying well hydrated will help preserve your skin’s elasticity, softness and coloring.

Simulated Urine

(Students will test their hypotheses following this procedure. These steps were taken from the
Hydration Student Section. Educator specific comments are in italics.)
1. You should work in groups of three or four during this lab.
2. Collect the following materials with your group.
a. Four plastic cups
b. Yellow, red, and green food coloring
c. A permanent marker
d. Make sure your group has access to water.
e. Urine color chart
f. Hydration cards
www.trainlikeanastronaut.org
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3.
4.
5.
6.
7.
8.

Label your cups 1-4
Fill each cup with 2oz of water
In cup 1 use 1 toothpick to add 1 dab of yellow food coloring.
In cup 2 use a toothpick to add 2 dabs of yellow food coloring.
In cup 3 add 1 drop of yellow food coloring.
In cup 4 add 1 drop of red food coloring 2 drops of yellow food coloring and 1 drop of green food
coloring.
9. Compare your simulated urine to the Urine color chart. (Appendix H)
10. Arrange your simulated samples into the four hydration levels.
a. Optimal
b. Well Hydrated
c. Dehydrated
d. Seek Medical Aid
11. Identify each sample of hydration levels by placing the hydration card next to the appropriate
simulated urine.
By making their own observations, students now understand how to determine their own level of
hydration.

Record Data

1. You will keep a 12 hour hydration log to determine your own hydration levels. You will determine if
you are drinking enough liquids to maintain healthy hydration.
Explain the 12 hour hydration log to students. They will be documenting the following
 What time they drink
 How much they drink
 Physical activity levels
 Urine hydration level: Students will make an observation of their own urine. Students will
determine what category their own urine would fall under. For Example is it Optimal, Well
Hydrated, Dehydrated or do they need to Seek Medical Aid. Students can use the Hydration
color chart to make this determination. Remind students that at no time will they bring a
urine sample into the classroom.
2. Make observations of your own urine to determine what category your urine would fall under. Is
your urine Optimal, Well Hydrated, Dehydrated or do you need to See Medical Aid. Use your
Hydration color chart to help you determine your hydration level.
3. At NO time will you bring an actual urine sample into the classroom.
After making all their observation, study data by answering the questions following the Data Sheet.
Using this information, ask the students to determine if the data supports or refutes their hypothesis.

Study Data

After completing all investigations, study data by answering the following questions.
1. Why is hydration important to you? Answers may vary
2. What color best describes your urine color? Answers may vary
3. Would you consider yourself to be hydrated or dehydrated? What do you need to do to reach
optimal hydration? Answer may vary
4. In your opinion, what can change your urine colors? Foods you have eaten, Drugs or vitamins you
have taken, Health issues
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5. Why should you be concerned if your urine is a darker color rather than a light yellow to clear color?
More than likely you are dehydrated and you body needs more water, dehydration can cause heat
illnesses. If you urine is a dark yellow or even going into the brown colors you should see a doctor.
6. After observing your hydration levels for 12 hours, what time of the day did you find you were
dehydrated the most? Answers will vary
7. What circumstances do you think made your urine a darker color at this time of day? Answers will
vary.
8. What actions did you take to change your hydration levels to have healthy hydration levels?
Answers will vary.

Conclusion



Fill in the learned column in the KWL chart.
Restate your hypothesis then explain what happened during testing, including your results.
Discuss the answers to the Study Data questions in the Hydration Student Section. Have the
students restate their hypothesis and explain what happened during testing, including their
results. Ask students to compare their group data to the class data. What patterns can be
found? Ask students what they wonder now. Encourage students to design their own
experiments.

Assessment




Assess student knowledge through questioning.
Assess student understanding by administering the Hydration Quiz. (Appendix A)
Observe and assess student performance throughout the activity using the Scientific
Investigation Rubric found in the Hydration Student Section.

Activity Alignment to National Education Standards
National Science Education Standards (NSES):
Content Standard A: Science as Inquiry
 Abilities necessary to do scientific inquiry (K-8)
 Understandings about scientific inquiry (K-8)
Content Standard E: Science as Inquiry
 Abilities of technological design (K-8)
 Understanding about science and technology (K-8)
Content Standard F: Science in Personal and Social Perspectives
 Personal health (K-8)
 Characteristics and changes in populations (K-4)
 Changes in environment (K-4)
 Science and technology in local challenges (K-4)
 Science and technology in society (5-8)
National Technology Education Standards (ITEA):
Design:
 Standard 8: Students will develop and understanding of the attributes of design.
 Standard 9: Students will develop an understanding of engineering design.
National Mathematics Education Standards (NCTM):
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Data Analysis and Probability Standard:
 Develop predictions that are based on data
Measurement Standard:
 Apply appropriate techniques, tools, and formulas to determine measurements
National Council of Teachers of English Standards (NCTE):


Students conduct research on issues and interests by generating ideas and questions, and by
posing problems. They gather, evaluate, and synthesize data from a variety of sources (e.g.,
print and non-print texts, artifacts, people) to communicate their discoveries in ways that suit
their purpose and audience.

National Visual Arts Standards
 Content Standard 5: Reflecting upon and assessing the characteristics and merits of their work
a) Understand there are various purposes for creating works of visual art
National Health Education Standards (NHES) Second Edition (2006):
Standard 1: Students will comprehend concepts related to health promotion and disease prevention to
enhance health.
As a result of health instruction in grades 3 through 5, students will:
 1.5.1 Describe the relationship between healthy behaviors and personal health.
Standard 5: Students will demonstrate the ability to use decision making skills to enhance health.
As a result of health instruction in grades 3 through 5, students will:
 5.5.1 Identify health related situations that might require thoughtful decision.
Standard 7: Students will demonstrate the ability to practice health enhancing behaviors and avoid or
reduce health risks.
As a result of health instructions in grades 3 through 5, students will:
 7.5.1 Identify responsible personal health behaviors
 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve personal
health
Curriculum Explorations
Science:
To extend the concepts in this activity, the following explorations can be conducted:
 Hydration is critical in sports performance; athletes require adequate hydration before, during
and after exercise and sports. Any activity done for twenty five minuets or longer involving
intense physical exertion or sweating requires rehydration. Marathon runners and long distance
runners for example need to hydrate at a higher level than someone exercising for an hour.
 Have students research and prepare a presentation about why rehydration is important
to athletes. During their research they will learn the best liquids to drink before, during
and after physical activity for rehydration. Here are some key investigation questions.
 What are the best liquids to drink for healthy hydration?
 What liquids should be avoided when trying to maintain proper hydration?
 When are some hydration guidelines athletes should follow to prepare for
physical activity? How much liquids should they drink pre-exercise, during
exercise and following exercise?


Hydration was particularly important to astronauts Sunita Williams and William Mcarthur
while running and completing marathons as they were orbiting the earth at a speed of 5
miles per second. Williams ran 26.2 miles and completed the Boston Marathon.
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McArthur ran 13 miles as part of the Houston half marathon during his stay on the
International Space Station. Even though these astronauts were physically 210 vertical
miles apart from the runners on earth, they shared a common need: water. The length
and intensity of marathons, both on Earth and in space, takes a toll on the human body
and demands proper hydration. Thus runners must continue to drink appropriate fluids
throughout a race to avoid the dangers of dehydration.
 Have students investigate what options astronauts have in space to keep
themselves hydrated while living and working in space.
Mathematics :
Ask students to display their data in a graphic organizer of their choice. Ask them to explain why they
have chosen to display their data in this format.
Analyze the data, looking for patterns and trends.
National Mathematics Education Standards (NCTM):
Algebra Standard:
 Understand patterns, relations, and functions
o represent and analyze patterns and functions, using words, tables, and graphs
Data Analysis and Probability Standard:
 Develop and evaluate inferences and predictions that are based on data
o propose and justify conclusions and predictions that are based on data and design
studies to further investigate the conclusions or predictions
Language Arts Exploration
As an extension to the earlier lessons on hydration have the students write a children’s book or poem
about hydration. Have them write the story or poem from the point of view of liquids preparing to
hydrate a human for optimal hydration.
Fine Arts Exploration
Have students design a poster on hydration to educate the school and community on the importance of
Hydration health. The students can also record a class video on the importance of hydration to the
human body to educate the school and community.

Sources and Career Links

Thanks to subject matter experts
Dr. Scott M. Smith is the Scientific Lead for the Nutritional Biochemistry Lab at the NASA Johnson
Space Center in Houston, TX. You can find out more about Dr. Smith and his work here:
http://hacd.jsc.nasa.gov/labs/nutritional_biochem.cfm.
Educator and Student Resources
Web resources:
The Healthy Kids website teaches your students good health practices with correct food choices and
exercise. http://www.kidshealth.org/parent/nutrition_fit/index.html
The Learn to Be Healthy website offers activities and lesson plans on nutrition and physical activity.
http://www.learntobehealthy.org
This NASA resource from the Nutritional Biochemistry Lab at the NASA Johnson Space Center in
Houston, TX provides Space Nutrition Newsletters for kids.
http://hacd.jsc.nasa.gov/resources/kid_zone_newsletters.cfm
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The National Space Biomedical Research Institute has a variety of space related educational materials
ready for download http://www.nsbri.org/Education/Elem_Act.html
For guidelines for fluid replacement and exercise visit the National Athletic Trainer’s Association
(NATA) website and read their statement on Fluid Replacement for Athletes
http://www.nata.org/statements/position/fluidreplacement.pdf

Books and articles:






The ABC's of Hydration and Breathing (Audio CD) by Patty Kondub.
Your Body's Many Cries for Water (Paperback) by F. Batmanghelidj.
Water and Fiber for a Healthy Body (Body Needs) (Paperback) by Angela Royston.
The Magic School Bus Inside the Human Body by Joanna Cole. Illustrator Bruce Degen.
From Head to Toe: The Amazing Human Body and How It Works by Barbara Seuling.
Illustrator Edward Miller.

Lesson development by the NASA Johnson Space Center Human Research Program Education and
Outreach team.
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Appendix A
Hydration Quiz
Answer the following questions about the Hydration activity.
1. Define and give an example of healthy hydration sources. Make a list of different types of
beverages and categorize them as healthy hydration drinks and unhealthy hydration drinks.
Explain the importance of proper hydration.

2.

What are the consequences of becoming dehydrated and how can it be prevented.

3. After observing your hydration levels for 12 hours, what time of the day did you find you were
dehydrated the most?

4. What actions did you take during the day to change your hydration levels?

5. Explain why hydration is important for athletes during physically demanding sports such as football,
basketball and running marathons.

6. Do Astronauts in space have to be concerned about their hydration levels? How do they keep
themselves hydrated in space?
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7.

How many astronauts have run marathons in space? Who are they, what marathon did they run
while living on the International Space Station. Did they have to keep themselves hydrated while
running their marathon in space?
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Appendix B

Hydration Station Quiz Answers
1. Define and give an example of healthy hydration sources. Make a list of different types of
beverages and categorize them as healthy hydration drinks and unhealthy hydration drinks.
Explain the importance of proper hydration.
The best hydration source is water. When combined with foods naturally high in moisture, such
as fruits and vegetables, lost liquids and electrolytes are replaced after most workouts.
The body depends on water for survival. Water makes up more than half the body weight. Every
cell, tissue, and organ in your body needs water to function correctly and stay healthy.

Healthy hydration drinks

Water Sodas
Sports Drinks
Fortified waters
Energy Drinks (beware of artificial
color and high fructose)

Unhealthy hydration drinks
Coffee or Tea
Alcohol
Cool-Aid

2. What are the consequences of becoming dehydrated and how can it be prevented?
If you become dehydrated, you could experience any of the following symptoms:
 dry mouth
 no sweating
 muscle cramps
 nausea and vomiting
 heart palpitations
You can prevent dehydration by drinking plenty of water and protecting yourself from excess
heat. Keep a bottle filled with water nearby and eat plenty of fruits and vegetables.
3. After observing your hydration levels for 12 hours, what time of the day did you find you were
dehydrated the most?
Answer will vary based on students’ observations of their own hydration levels.
4. What actions did you take during the day to change your hydration levels?
Answers will vary.
5. Explain why hydration is important for athletes during physically demanding sports such as
football, basketball, and running marathons.
Whether you’re a serious athlete or recreational exerciser, it’s important to make sure you get
the right amount of water before, during, and after exercising. Water regulates your body
temperature, lubricates joints, and helps transport nutrients for energy and health. If you’re not
properly hydrated, your body will be unable to perform at its highest level, and you may
experience fatigue, muscle cramps, dizziness, or more serious symptoms.
6. Do Astronauts in space have to be concerned about their hydration levels? How do they keep
themselves hydrated in space?
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Yes, astronauts must stay well hydrated. As astronauts reach orbit they experience a shift of fluids.
The body senses the extra fluid and begins to get rid of what it thinks is excess. This sudden loss of
fluids can result in dehydration. Dehydration is a lack of water that can be extremely dangerous.
Astronauts’ bodies cannot function properly without water. Therefore, when they first enter orbit,
astronauts must drink a sufficient amount of water. They continue to drink water and eat properly
while in orbit to stay hydrated and healthy for their return to Earth.
7. How many astronauts have run marathons in space? Who are they, what marathon did they run
while living on the ISS? Did they have to keep themselves hydrated while running their marathon in
space?
Two astronauts have run marathons in space on the International Space Station. The first was Bill
McArthur. He ran a half marathon on the station treadmill, supporting friends and colleagues
running the Houston Marathon. McArthur circled the globe at an altitude of 354 km (220 miles)
above the Earth’s atmosphere as runners on the ground ran the Houston marathon.
Suita “Suni” Williams complete the Boston marathon more than 338km (210 miles) above the Earth.
Suni completed 42km (26.2 miles) on a treadmill at the International Space Station. Her finish time
was 4 hours, 23 minutes and 46 seconds. Running on the ground in Boston supporting Suni were
NASA Astronaut Karen Nyberg and her sister, Dina Pandy.
Both astronauts kept themselves well hydrated throughout the entire marathon in order to keep their
bodies in good athletic condition to complete the marathon.
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Appendix C

Hydration Glossary

Athletic
performance

Characterized by or involving physical activity
or exertion.

Dehydration

Occurs when you lose more fluid than you
take in, and your body doesn't have enough
water and other fluids to carry out its normal
functions.

Heat Illness

Under certain circumstances, such as
unusually high temperatures, high humidity,
or vigorous exercise in hot weather, the
bodies natural cooling system may begin to
fail, allowing internal heat to build up to
dangerous levels. The result may be heat
illness, which can result in heat cramps, heat
exhaustion, or heatstroke.

Hydration

give water to somebody or something: to
provide water for somebody or something in
order to reestablish or maintain a correct fluid
balance

Rehydration

replenish somebody's body fluids: to restore
somebody's body fluids to a normal or
healthy level
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Appendix D

Sample Hydration Web
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Appendix E
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Appendix F
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Appendix G
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Appendix H
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Appendix I

12-Hour Hydration Log
Track your liquid intake for 12 hours. Use your Urine Color Test chart to categorize your urine. You will
complete the log on your own. At no time should you bring an actual urine sample into the classroom.

Bathroom
Time
(hr)

Urine
Color
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Urine
Category

What I
drank

How much
I drank

Physical
Activity (None,
Low, Moderate,
High)
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Appendix J

Study Data:
After completing the test, study the data on the 12-Hour Hydration Log and answer the following
questions:
1. Based on the data you have collected, are you well hydrated? Explain why or why not.

2. Would you change any of your drink choices based on your data?

3. How is the amount of liquids you drank related to the color of your urine?

4. Was the amount of liquids that your drank affected by the your level of physical activity?

5. What are some methods of hydration?

6. What are signs of dehydration?

7. What can you do throughout your day to help keep yourself hydrated?

8. Do astronauts become easily dehydrated?
9. Why is it important for an astronaut to stay hydrated while working in space?
10. Do you see any patterns in your data?

11. Does this data support your hypothesis? Why or why not?
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Scientific Investigation Rubric
Experiment: Hydration

0

Performance Indicator

1

2

3

4

The student developed a clear
and complete hypothesis.

The student
made no
attempt at
developing
a clear and
complete
hypothesis.

The student
made very
little attempt
at
developing
a clear and
complete
hypothesis.

The student
developed a
partial
hypothesis.

The student
developed a
complete
but not fully
developed
hypothesis.

The student
developed a
clear,
complete
hypothesis.

The student followed all lab safety
rules and directions.

The student
followed no
lab safety
rules.

The student
followed
one lab
safety rule.

The student
followed two
or more lab
safety rules.

The student
followed
most of the
lab safety
rules.

The student
followed all
of the lab
safety rules.

The student followed the scientific
method.

The student
followed
none of the
steps to the
scientific
method.

The student
followed
one of the
steps to the
scientific
method.

The student
followed two
or more of
the steps to
the scientific
method.

The student
followed
most of the
steps to the
scientific
method.

The student
followed all
of the steps
to the
scientific
method.

The student recorded all data on
the data sheet and drew a
conclusion based on the data.

The student
showed no
record of
data and no
evident
conclusion.

The student
showed one
record of
data
collection
and did not
complete
the
conclusion.

The student
showed two
or more
records of
data
collection
and showed
a partial
conclusion.

The student
showed
most data
recorded
conclusion
nearing
completion.

The student
showed all
data
recorded
and a
complete
conclusion.

The student asked engaging
questions related to the study.

The student
asked no
engaging
questions
relating to
the study.

The student
asked one
engaging
question
relating to
the study.

The student
asked two
engaging
questions
relating to
the study.

The student
asked three
engaging
questions
relating to
the study.

The student
asked four
or more
engaging
questions
relating to
the study.

Point Total
Grading Scale:
A = 22 - 24 points

B = 19 - 21 points

C = 16 - 18 points

D = 13 - 15 points

F = 0 - 12 points

Experiment:
Student Name __________________________________
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Date ___________________
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Performance Indicator

0

1

2

3

4

The student developed a clear and
complete hypothesis.
The student followed all lab safety
rules and directions.
The student followed the scientific
method.
The student recorded all data on the
data sheet and drew a conclusion
based on the data.
The student asked engaging questions
related to the study.
The student described at least one way
that this observation related to the
exploration of other moons and
planets.

Point Total
Grading Scale:
Point total from above: _________ / (24 possible)

A = 22 - 24 points
B = 19 - 21 points

Grade for this investigation _________________

C = 16 - 18 points
D = 13 - 15 points
F = 0 - 12 points
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Train Like an Astronaut:
Adapted Physical Activity Strategies
Jump for the Moon
YOUR MISSION
You will perform jump training with a rope, both while stationary and moving, to
increase bone strength and to improve heart and other muscle endurance. You will also
record observations about improvements in stationary and moving jump training during
this physical experience in your Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 2.01.12.01 Understand how appropriate modifications of the physical
environment enable individuals with disabilities to perform sport skills
Activity Specific Terms/Skills
Coordination, balance, endurance

SPACE RELEVANCE
On Earth, your weight on your bones provides a constant stress. You maintain your
bone strength by doing regular daily activities like standing, walking, and running! In
space, astronauts float – unloading that important stress and weakening their bones.
Therefore they depend on nutritionists and strength and conditioning specialists at
NASA to plan food menus and physical activities that will help them keep their bones
as strong as possible while in space. Stronger bones will help astronauts stay safer
while performing all of their assigned tasks – whether in a space vehicle, on the moon,
Mars, or once back on Earth.

WARM-UP & PRACTICE
Jump in place
Twist
Stomp your feet
Swing a rope above head
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Suggested Adapted
Equipment:
S tep box, various ropes,
aerobic step bench

Jump for the Moon
LET’S “TRAIN LIKE AN ASTRONAUT!”
Adjust steps and procedures as appropriate for participants

Instructions for individual play:
Stationary:
With a jump rope, try to jump in place for 30 seconds.
Rest for 60 seconds.
Repeat three times.
When mastered, proceed to moving.
Moving:
Try to jump rope while moving across a smooth surface for 30 seconds.
Rest for 60 seconds.
Repeat three times.
Repeat jump training two more times.
Record observations before and after

TRY THIS! Some ideas for Adapted Activity

Jump
on trampoline while holding onto wall or partner
Jump on step/box
Step off a step/box
Foot stomp
Aerobic step bench
Perform jumping jacks or jump in place (side-to-side, or back-to-front)
Hop on one foot, then the other
Hold onto table and jump in place
Place hand on hallway and raise leg to hop down hallway
Use a “pretend” jump rope
Lay a rope on the ground and jump over it in a variety of ways
Use a variety of objects to jump on, or over
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MISSION X: MISSION HANDOUT

YOUR MISSION:

Jump for the Moon

You will perform jump training with a rope, both while stationary and
moving, to increase bone strength and to improve heart and other
muscle endurance. You will also record observations about
improvements in stationary and moving jump training during this
physical experience in your Mission Journal.
Stronger bones will allow you to run, jump, work and play with
less chance of injury. A stronger heart and more muscular
endurance will allow you to be physically active for a much
longer time! You are already improving bone strength and heart
and muscle endurance when you repeatedly hop on one leg, jump
rope or jump to rebound a basketball.
MISSION QUESTION: How could you perform a physical
activity that would increase bone strength, as well as heart and
other muscle endurance?
MISSION ASSIGNMENT:

Jump Training

Stationary:
With a jump rope, try to jump in place for
30 seconds.
Rest for 60 seconds.
Repeat three times.
When mastered, proceed to moving.
Moving:
Try to jump rope while moving across a smooth
surface for 30 seconds.
Rest for 60 seconds.
Repeat three times.
Repeat jump training two more times.
Record observations before and after this physical
experience in your Mission Journal.
Follow these instructions to train like an astronaut.
www.trainlikeanastronaut.org

Your bones will
become stronger
when you do
exercises that
support your weight,
such as running or
jumping. By jump
training over time,
you can strengthen
your heart and train
your muscles to
work longer without
getting as tired.
After training, you
may find that some
activities which
made your muscles
tired and your heart
beat fast have
become easier.
English_A4

JUMP FOR THE MOON

It’s a Space Fact:
On Earth, your weight on your bones provides a constant stress. You maintain your bone
strength just by doing regular daily activities like standing, walking, and running! In space,
astronauts float – unloading that important stress and weakening their bones. Therefore
they depend on nutritionists and strength and conditioning specialists at NASA to plan food
menus and physical activities that will help them keep their bones as strong as possible
while in space. Stronger bones will help astronauts stay safer while performing all of their
assigned tasks – whether in a space vehicle, on the moon, Mars, or once back on Earth.
Since some tasks may involve regular lifting and moving of objects, astronauts often rely
on the strength of their bones and the endurance of their hearts and other muscles for
successful completion of these tasks.

Fitness Accelerations
Jump rope in place for 60 seconds without stopping. Rest for 30 seconds.
Jump rope side to side for 60 seconds. Repeat this activity three times.
Jump rope for 30 seconds doing a straddle jump. Rest for 30 seconds
then do a straddle jump for 60 seconds. Repeat this activity three times.

Think Safety!

Jump rope in place for 30 seconds. Jump rope side to side for 30 seconds.
Straddle jump for 30 seconds. Rest for 30 seconds. Do this three times.

Endurance:
The ability to
perform an
exercise or a
physical task
over a long
period of time.

Just like an astronaut’s gloves are sized to fit their hands, your
equipment must fit you as well!
Make sure the length of your jump rope is correct for your height.
Stand in the middle of the rope and raise the ends under each armpit.
If the handles barely touch – it fits!
Always bend your knees slightly as you land to be safe. Maintain at least
two arms length distance between you and others while jumping rope.
Avoid obstacles and uneven surfaces. Look where you are going!
Remember that drinking plenty of water is important before, during, and
after physical activities.

Mission Explorations:
Count how many jumps you can perform in a given time period.
Join a track team and do the long jump and triple jump.
Try dancing, which also requires jumping and landing.
Organize and hold a jump-a-thon at your school.
Jump as high as you can and land softly.

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

JUMP FOR THE MOON
Learning Objectives
Students will
 perform jump training with a rope, both while stationary and moving, to increase bone strength
and to improve heart and other muscle endurance.
 record observations about improvements in stationary and moving jump training during this
physical experience in the Mission Journal.

Introduction
On Earth, humans experience the effects of gravity pulling on the human body which applies a constant
force, or loading effect. This constant force is essential for building the healthy, strong bones we need
on Earth. The force can be increased and bones can be made stronger by doing regular weight bearing
physical activities such as jumping, walking, running or dancing. This is especially important when
humans are young because this is when the skeleton is most responsive to exercise loading. Regular
exercise done during youth will compensate for the expected bone loss that occurs as we grow older.
In addition to good nutrition, astronauts need to ensure their bones are strong enough to endure their
assigned mission by undergoing physical training. Once in space, bones in the lower torso and legs are
most affected by the reduced gravity environment. It is these bones that are more likely to suffer bone
loss. NASA engineers must work to “artificially load” crew members by providing a harness for them to
wear that straps them to the treadmills when the astronauts are exercising. When they return to Earth,
they continue to exercise and eat properly in an effort to build up their bone strength. They have their
bone mineral density (BMD) tested up to three years after they return from their mission to ensure their
bones are as strong and healthy as they were before their mission.
Bone strength, along with other components of fitness (such as cardiovascular endurance and
muscular endurance) can be improved just by jumping – or jumping rope. Use the information below to
help administer the Fit Explorer Mission Handout and help your students train like an astronaut.

Administration
Follow the outlined procedure in the Jump for the Moon Mission Handout. The duration of this physical
activity can vary, but will average 15-25 minutes. In order for students to perform at their maximum
potential, positive reinforcement should be used throughout the activity.

Location

This physical activity should be conducted on a flat, dry surface with room to travel.
This activity may be done on rainy days inside without the jump rope.

Set-up
Students should be at least two arm lengths apart from each other.
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Equipment




Mission Journal and pencil
jump rope (one per student)
watch or stopwatch

Optional equipment:
 heart rate monitor
For physical activity, students should wear loose-fitting clothing that permits freedom of movement.
School educators: Use this activity as a break in the afternoon routine.

Safety








Students should use a jump rope appropriate for their height.
(Refer to the Jump for the Moon Mission Handout for how to correctly size a jump rope.)
Students should bend their knees slightly when landing.
Students should aim to land on the balls of their feet, then sink to their heels.
Always stress proper technique while jumping.
Proper hydration is important before, during and after any physical activity.
Be aware of the signs of overheating.
A warm-up/stretching and cool-down period is always recommended.
For information regarding warm-up/stretching and cool-down activities, reference the Get Fit
and Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and
Sports at http://wwwpresidentschallenge.org/pdf/getfit.pdf.

Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use descriptors to
verbally communicate their answers.
Use the following open-ended questions before, during, and after practicing the physical activity to
help students make observations about their own physical fitness level and their progress in this
physical activity:
 How do you feel?
 How long did you jump without stopping?
 How does staying stationary feel different from moving?
 What happened to your heart rate?
 Did you sweat?
 How do you think this activity might help your bone strength?
 Why might maintaining bone strength be a challenge for astronauts in space?
 What muscles do you feel you are working while jumping rope?
The most appropriate answers would include:
 Upper body
o shoulders
o front/back of upper arms and lower arms
 Lower body
www.trainlikeanastronaut.org
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 Core

o lower back
o buttocks
o front/back of upper legs and lower legs
o abs/back (for stabilization)

Some quantitative data for this physical activity may include:
 rate of perceived exertion (on a scale of 1-10)
 distance traveled
 length of rest period
 respirations (breaths per minute)
 heart rate (beats per minute)
Some qualitative data for this physical activity may include:
 identifying amount of sweat or thirstiness
 identifying soreness in body parts
 identifying shakiness or muscle cramping

Collecting and Recording Data
Students should record observations about their physical experience with jump training in their Mission
Journal before and after the physical activity. They should also record their physical activity goals and
enter qualitative data for drawing conclusions.
 Monitor student progress throughout the physical activity by asking open-ended questions.
 Time should be allotted for the students to record observations about their experience in their
Mission Journal before and after the physical activity.
 Graph the data collected in the Mission Journal on the graph paper provided, letting students
interpret the data individually. Share graphs with the group.

Fitness Acceleration
 Jump rope in place for 60 seconds without stopping. Rest for 30 seconds. Jump rope
side to side for 60 seconds. Repeat this activity three times.
 Jump rope for 30 seconds doing a straddle jump. Rest for 30 seconds then do a
straddle jump for 60 seconds. Repeat this activity three times.
o To do a straddle jump, start with your feet together then spread them to shoulder
width as you jump the rope. The straddle jump is also called the jumping jack jump.
 Jump rope in place for 30 seconds. Jump rope side to side for 30 seconds. Straddle
jump for 30 seconds. Rest for 30 seconds. Do this three times.






Increase the time to one minute and then to two minutes.
Increase the number of jumps per time period.
Jump on one foot or with both feet together.
Go from jumping twice per rotation to jumping one time per rotation.
Rest periods may be shortened and additional variations may be added.
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Students should practice the Mission Handout physical activity several times before progressing or
trying the related Mission Explorations.

National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies, and
tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and others in
physical activity settings
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or
social interaction.
National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication skills to
enhance health and avoid or reduce health risks.
o 4.5.1. demonstrate effective verbal and non-verbal communication skills to enhance
health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to enhance
health.
o 5.5.4 Predict the potential outcomes of each option when making a health-related
decision.
o 5.5.6 Describe the outcomes of a health-related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
 Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and
avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve
personal health.
 Standard 8: Students will demonstrate the ability to advocate for personal, family and
community health.
o 8.5.1 Express opinions and give accurate information about health issues.

National Initiatives and Other Policies
Supports the Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 and may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.
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Resources
For more information about space exploration, visit www.nasa.gov.
To learn about exercise used during past and future space flight missions, visit
http://hacd/jsc.nasa.gov/projects/ecp.cfm.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
For guidelines for fluid replacement and exercise:
National Athletic Trainer’s Association (NATA)
 Fluid Replacement for Athletes (Position Statement)
http://www.nata.org/statements/position/fluidreplacement.pdf
For information on warm-up and cool-down stretches, visit:
American Heart Association (AHA)
 Warm-up and Cool-down Stretches
http://americanheart.org/presenter.jhtml?identifier=3039236
For information about rate of perceived exertion (RPE), visit:
Centers for Disease Control and Prevention (CDC)
 Perceived Exertion
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/perceived_exertion.htm
For guidelines on heart rate and exercise, visit:
Centers for Disease Control and Prevention (CDC)
 Target Heart Rate and Estimated Maximum Heart Rate
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/target_heart_rate.htm
American Heart Association (AHA)
 Target Heart Rates
http://www.americanheart.org/presenter.jhtml?identifier=4736

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program Education and Outreach
team. Special thanks to the subject matter experts who contributed their time and knowledge to this project.

National Aeronautics and Space Administration (NASA) contributors:
David Hoellen, MS, ATC, LAT
Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
Daniel L. Feeback, Ph.D.
Head, Muscle Research Laboratory
Space Shuttle and Space Station Mission Scientist
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NASA Johnson Space Center
R. Donald Hagan, Ph.D.
Exercise Lead, Human Adaptation and Countermeasures Office
Manager, Exercise Physiology Laboratory
NASA Johnson Space Center
http://exploration.nasa.gov/articles/issphysiology.html
Jean D. Sibonga, Ph.D.
Science Lead, Bone and Mineral Laboratory
NASA Johnson Space Center
http://www.dsls.usra.edu/sibonga.html
Steven H. Platts, Ph.D.
Senior Research Scientist and Lead
Cardiovascular Laboratory
NASA Johnson Space Center
http://www.dsls.usra.edu/platts.html; http://hacd.jsc.nasa.gov/labs/cardiovascular.cfm
President’s Council on Physical Fitness and Sports (PCPFS) contributors:
Thom McKenzie, Ph.D.
President’s Council on Physical Fitness and Sports Science Board Member
Emeritus Professor of Exercise and Nutritional Sciences at San Diego State University
http://www.presidentschallenge.org/advocates/science_board.aspx#Thom
Christine Spain, M.A.
Director, Research, Planning, and Special Projects
President’s Council on Physical Fitness and Sports, Washington, D.C.
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Mission X: Train Like an Astronaut

LIVING BONES, STRONG BONES
Engineering Design

Educator Section

Grade Level: 3-5

Introduction
Explorers need strong bones so they can face the physical
challenges placed on their bodies while in space. The longer
astronauts are in the environment of space, the more weak their
bones become due to a lack of loading forces (gravity pulling on
your body). Bones below the waist are most affected by reduced
gravity environments, and the bones located in these areas are
more likely to suffer bone loss during spaceflight. It is important
for astronauts to train before, during, and after their flight in space
to maintain strong bones all their lives. A diet including calcium
and Vitamin D also helps astronauts maintain strong bones.

Lesson Objectives



Students will observe bones, comparing bone size relative
to the living being in which the bones are found.
Students will design a bone model, then compare and
contrast the weight bearing capacity of their bone model,
making inferences about bone structure, weight bearing
bones, and the effects of different environments on those
bones.

Problem
How can I make a bone model that is strong and will hold weight?

Learning Objectives
The students will:
 investigate two parts of bone.
 design a bone model that will hold weight.

Materials
Per class:
 meter stick
 balance scale
 gram weights
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Connections to Curriculum:
Science, Technology, Mathematics,
Health and Physical Education
Science Processing Skills:
predicting, observing, comparing,
gathering, recording data
(American Association for the
Advancement of Science)
Teacher Prep Time: 30 minutes
Lesson Duration: two 45-minute
sessions
Prerequisite: knowledge of the
scientific method, science lab
safety rules, the new Food Guide
Pyramid, and basic physical activity
National Education Standards:
Science, Technology, Engineering,
Mathematics, Health, and Physical
Education
National Wellness Initiative:
This activity meets the needs of the
federally mandated Local Wellness
Initiative, and may help meet the
needs of your Local Wellness Plan.

-------------------------------Materials Required:
meter stick
balance scale
stackable gram weights
snack size zipper-seal bags
cooked, clean, dry chicken bones
centimeter rulers
index cards
clear cellophane tape
cardboard squares
textbooks or reams of paper
aquarium gravel
eye protection
red pens
hand lenses
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Per group:
 two snack size zipper-seal bags
 one cooked, clean, dry chicken thigh or leg bone
 centimeter ruler
 five index cards (7.6 x 12.7 cm or 3 x 5 in)
 clear cellophane tape
 cardboard square (approx. 24 x 24 cm or 9.4 x 9.4 in)
 textbooks or reams of paper
 enough aquarium gravel to fill a snack size zipper-seal bag to 1/3 full
Per student:
 Living Bones, Strong Bones Student Section
 safety glasses or goggles
 red pen
 hand lens

Safety
Remind students of the importance of classroom and lab safety. Students should wear eye protection
during this activity. Students should not remove the chicken bones from the zipper-seal bags.

Pre-lesson Preparation (To be done the day before the activity.)


To prepare cooked, clean, dry chicken bones:
o Gather chicken leg or thigh bones, enough for one per group.
o Place in a large pot and cover with water.
o Stew chicken bones for 40 – 50 minutes to ensure that they are completely done.
o Remove the chicken bones from the pot and let cool at least 30 minutes.
o Remove excess meat and cartilage by scrubbing the chicken bones thoroughly.
o Use a disinfectant cleaner to sanitize the chicken bones. Rinse with water.
o Let the chicken bones air-dry overnight.
o The chicken bones should be clean and dry for use in this investigation.



Crack each chicken bone slightly so that the inside of the bone may be viewed.



Place the cooked, clean, dry chicken bones individually into the snack size zipper-seal bags.



Place aquarium gravel inside a separate snack size zipper-seal bag until it is 1/3 full and pliable.
If needed, adjust the amount of aquarium gravel in the zipper-seal bags to fit snug inside an
index card cylinder using the following instructions.
o Using an index card, grasp the shortest side of the index card and roll into a cylinder,
fastening with tape. Place the zipper-seal bag with aquarium gravel into the cylinder,
removing or adding aquarium gravel as needed.



Divide class into groups of 3 – 4 students.



Place group materials in an easily accessible area.



Stack the textbooks from lightest to heaviest. The heaviest textbook will be used first.



Place the balance scale in a central location for use during whole group instruction.
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o

Paperclips may be substituted for gram weights. If alternative weights are used, preweigh them for accuracy.



Prepare the Data Chart for the Observation Section and display in a central location for use
during whole group instruction.



Display the Living Bones, Strong Bones Glossary in a central location for use during whole
group instruction. (Appendix B)



Display the Bone Comparison Diagram in a central location for use during whole group
instruction. (Appendix C)

Lesson Development
To prepare for this activity, the following educator background information is recommended:


Read about the skeletal system and spaceflight in the National Space Biomedical Institutes’
textbook, “Human Physiology in Space”, found at
http://www.nsbri.org/HumanPhysSpace/focus6/index.html.



Read about bone remodeling or bone turnover here http://teachhealthk12.uthscsa.edu/curriculum/bones/pa12pdf/1203D-cycle.pdf.



Exercise countermeasures to spaceflight can be found at
http://hacd.jsc.nasa.gov/projects/ecp.cfm



Watch animations about the bone remodeling process that show how bone is degraded and
rebuilt at http://courses.washington.edu/bonephys/physremod.html.



Read the following text taken from the Observation Section of the Living Bones, Strong Bones
Student Section.
Observation
Astronauts need to be able to walk long distances to explore the moon or Mars surface,
especially if their rover breaks down. This long distance is called a 10 km walk-back (6.2 miles).
Astronauts need to be in top condition to keep their bones strong and healthy, which is essential
for performing tasks in space such as the walk-back.
Bone is a living organ in your body. Bone is broken down and built back up by special cells in
the bones. It takes 10 years for your entire skeleton to be replaced with new bone!
There are two ways to keep your bones healthy – proper diet and resistive exercise. One
without the other is not as effective as using both together.
First, a proper diet will ensure that bones stay healthy. You require calcium and vitamin D to
build healthy bones. Where do calcium and vitamin D come from? Calcium is found in dairy
products such as milk, cheese, and yogurt, and in leafy green vegetables. Vitamin D is called
the “sunshine vitamin” because regular exposure to sunlight gives your body the vitamin D it
needs. Vitamin D is added to foods such as milk and orange juice. Astronauts need proper
amounts of calcium and vitamin D to keep their bones strong and healthy.
Second, gravity pulling on your body, or “loading” is essential to bone health. A type of exercise
that “loads” your bones is called resistive exercise. When you do push ups, jump rope, or push
against a surface, you are doing a resistive exercise, and that helps you build strong bones!
Astronauts need resistive exercise to keep their bones strong and healthy.
Eating a proper diet rich in calcium and vitamin D and being physically active will keep your
bones strong. If you go outside to play hopscotch on a sunny day, you are taking in vitamin D
from the sun, and getting resistive exercise – two parts of having proper bone health. Doing
these things will keep your bones strong, the same way the astronauts keep their bones
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healthy. Who knows? One day, if you keep your body well-conditioned you could become one of
our next space explorers to travel to the moon, Mars, and beyond!


If needed, additional research can be done on the following topics:
o calcium
o vitamin D
o space travel and bone loss
o bone remodeling or bone turnover
o resistive exercise
o Advanced Resistive Exercise Device (ARED)
o spaceflight countermeasures for bone loss



Physical activities that will use energy and allow your students to train like an astronaut can be
found in the NASA Fit Explorer Challenge at http://www.nasa.gov/fitexplorer or on the STS 118
educator website at http://www.nasa.gov/audience/foreducators/STS-118_index.html.

Instructional Procedure
Throughout this lesson, emphasize the steps involved in the scientific method. These steps are
identified in bold italic print throughout the Instructional Procedure Section.
1. Review the Scientific Investigation Rubric with your class. This performance rubric is located in the
Living Bones, Strong Bones Student Section. A sample of performance-based grading is located at
the end of this Educator Section.
2. Remind students about how to build and keep strong bones by using the force that holds us on
Earth – gravity.
3. Introduce the lesson objective and learning objectives to the students. Review the definition of a
model with your class.
4. Review the problem with the students, “How can I make a bone model that is strong and will hold
weight?”
5. Review the Living Bones, Strong Bones Glossary with your class. (Appendix B)
6. Have the students read the Observation Section in their Living Bones, Strong Bones Student
Section and discuss what they read with their group. Use your own technique to check for
comprehension of the Observation Section.
7. As a class, discuss what bones look like, making observations about bones using the following
strategies. Refer to the Bone Comparison Diagram (Appendix C) during instructional delivery.
Questions and facts for students are in italics.
1)

Display the meter stick.

2)

Have the students predict how tall a chicken might be.

3)

Record predictions on the Data Chart.

4)

Show the students how tall a chicken might be (Approx. 0.5 meter or 1.64 feet).

5)

Record this measurement on the Data Chart for all students to view.
This is a good time to apply the skill of conversions from metric to customary units.
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Data Chart
Property

Chicken
Predicted

Chicken Bone
Actual

Length

Weight

6)

Have students put on eye protection.

7)

Distribute to each group, one zipper-seal bag containing a cooked, clean, dry, cracked
chicken bone.

8)

Give each child a hand lens.

9)

Have the students make observations, using hand lenses, about the size and shape of the
bone without taking the bone out of the zipper-seal bag. Have students discuss these
observations in their group and be ready to share the observations.

10)

Ask the students to brainstorm as many properties of the bone as they can with their
group.

11)

Ask open-ended questions about the chicken bone to the groups, taking all comments
from the students. As students answer the questions, record all results in a central location
in the classroom.


What is the shape of the bone? The bone is cylindrical.



What other shapes do you see in the bone?



What is the color of the bone?



How does the bone feel?



How large is the bone compared to your hand?

12)

Have the students measure the bone with their group, using the centimeter ruler.

13)

Record the length of each group’s bone on the Data Chart displayed in the classroom.

14)

Have students analyze the data collected about the chicken bone by asking open-ended
questions to the groups.


15)

What is the bone’s size (recorded earlier) compared to the size of the chicken? The
bone is much smaller than the chicken.

Have the students make observations, using hand lenses, about the outside of the bone
without taking the bone out of the zipper-seal bag. Have students discuss these
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observations in their group and be ready to share their observations. Record these
properties in a central location in the classroom.
16)

Ask the students to brainstorm as many properties of the outside layer of the bone as they
can with their group.

17)

Ask open-ended questions about the outside layer of the bone to the groups, taking all
comments from the students. As students answer the questions, record all results in a
central location in the classroom.


Why is this layer so thick? To perform the duties of walking, running, jumping, and
landing while supporting the weight of the chicken against the pull of gravity.

18)

Have the students make observations, using hand lenses, about the inside of the bone
without taking the bone out of the zipper-seal bag. Have students discuss these
observations in their group and be ready to share their observations. Record these
properties in a central location in the classroom.

19)

Ask the students to brainstorm as many properties of the inside of the bone as they can
with their group.

20)

Ask open-ended questions about the inside of the bone to the groups, taking all comments
from the students. As students answer the questions, record all results in a central location
in the classroom.


What is inside the bone?



What does it look like? This part of the bone, found inside the hard outer covering,
has spaces between the framework that provide the bone more surface from which
calcium can be extracted. The interlocking material gives the bone strength.



What does this bone remind you of?



What role does the inside bone have on how strong the bone is? It is lightweight and
has cross-bridge structures which help to maintain strength without being heavy.



What is the function of bones inside the chicken? To give the chicken its shape and
to hold the chicken’s body up against the force of gravity.

21)

Display the weight of a chicken on the Data Chart for all students to view. (Approx. 2.6 kg
or 5.7 lbs)

22)

Model for the students how to weigh the chicken bone on the balance scale using gram
weights.

23)

Have students weigh their group’s chicken bone using the balance scale and gram
weights.

24)

Record the weight of each group’s bone on the Data Chart displayed in the classroom.

25)

Ask students to compare the weight of the chicken bone to the weight of the chicken. Let
the students draw conclusions on how the bone holds the weight of the chicken, using
data collected.
The bone can support the weight of the chicken because it is strong. Each bone has an
outside layer and an inside layer making it strong.


How does the chicken compare to a human? Both have bones. Humans are much
larger than chickens.



Are human legs like chicken legs? Yes, they both have bones that hold up the body
against the force of gravity.
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What is the difference between human bones and chicken bones? Chicken bones
are smaller and more lightweight.



Have the students compare the chicken and the chicken bone to a human and a
human bone using the relative size and weight of each.



What would happen to bones if we took the force of gravity away from the body?
Lack of gravity makes bones become weak.

8. Collect materials used by the groups during the Observation Section according to your materials
rules. Replace all materials appropriately.
SUGGESTED PLACE TO STOP ACTIVITY AND CONTINUE DURING ANOTHER CLASS PERIOD.
9. Have the students discuss and make observations about bones by completing the first two
columns in the KWL (KNOW/WANT TO KNOW/LEARNED) chart in the Living Bones, Strong Bones
Student Section with their group. Use the KWL chart to help students organize prior knowledge,
identify interests, and make real world connections. As students suggest information for the KNOW
column, ask them to share how they have come to know this information.
10. Display one index card for all students to see.
11. Explore what an index card is by using the following questions.


What is an index card? What is it used for? What else can an index card be used for? Where
have you seen one before?

12. Ask the students if they have predictions relating to this activity, and the problem question. Help
them refine their predictions into a hypothesis or educated guess to answer their problem
question. In their student section, they should restate the problem question as a statement based
upon their observations, materials, and predictions. As they formulate a hypothesis, have students
include verbs from the objectives. Encourage the students to share their hypothesis with their
group.
13. Students will test their hypotheses following this procedure.
(These steps were taken from the Living Bones, Strong Bones Student Section. Educator specific
comments are in italics. Diagrams are included for modeling by the educator.)
Students should be in groups when testing their hypotheses. Follow your normal group materials
distribution process, but refrain from passing out or letting the students see the zipper-seal bags
filled with aquarium gravel until called for in the test procedure. Do not distribute index cards until
prompted. The students should use their red pens for predictions only.
1) Study the index card.
 Discuss the shape, size, and thickness of bones.
 Decide how you would like to design your group bone model from the index card.
o Design a bone model making sure your bone model is:
 made much like the chicken bone, and
 sturdy enough to hold weight.
2) Complete your individual bone model design drawing on your own piece of graph paper.
This is not a picture of a bone, but a model of a bone made from the index card. Be
prepared for students to make different types of models. Demonstrate to students how to
design the bone model by using a rolled index card, making it into a cylinder, and fastening
with tape. The bone model should be rolled grasping the shortest side of the index card to
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start the rolling process. Make sure the students understand that this represents the outer
part of the bone, leaving the inside hollow. Each group should have one design. All students
should have the same drawing.
3) Label the materials in your design on your graph paper.
4) Group members should agree on a title for your bone model design, and include it on your
graph paper.
Pass out one index card to each group, reserving the rest of the cards for use later.
5) Use the index card to build a bone model according to your sketches, using the tape for
fastening.
Observe each group making their bone
model, making sure each group builds
according to their design. Prompt
students to refer back to their design
for comparison between their bone
sketch and their bone model. Warn the
students to use caution when rolling
the index card so that it does not
crease. You may want to model this
rolling of the index card for the class
again.
6) Place the bone model on the table in the same way your leg bone is in your body when you
are standing up.
7) Record the materials you will use to construct your bone model on your Living Bones,
Strong Bones Data Sheet.
8) Place the cardboard square on top of the bone model.
9) Predict how many textbooks you will be able to stack on the
bone model.
The textbooks represent the weight of your body.
Review how to make predictions with your class.
10) Record your prediction on your Living Bones, Strong Bones
Data Sheet using a red pen.
11) Place the textbooks, one at a time, on the cardboard square
until you run out of textbooks or your bone model collapses.
The bone model should collapse easily under the weight of the textbooks. Explain to the
students that this bone has not had the proper amount of calcium, vitamin D, and resistive
exercise, or has been in a reduced gravity environment. Reserve this bone model for later
reference.
12) Collect and record data by
counting the number of books your
bone model was able to hold and
recording the number on your
Living Bones, Strong Bones Data
Sheet.
The bone model you tested
represents bones that are weak
due to improper amounts of
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calcium and vitamin D, a lack of resistive exercise, or the force of gravity no longer pulling
on them. Your bones need resistive exercise and a healthy diet including calcium and
vitamin D to stay strong.
A reduced gravity environment promotes loss of bone due to the absence of gravitational
pull on bones.
Compare bone models by asking each group to hold up their bone model and state how
many textbooks it held. With the class, analyze the shape and size of each bone model and
compare how the shape and size affected the weight it held. This analysis will prompt the
redesign process of the next bone model.
13) Redesign the bone model on your graph paper, making it stronger by increasing the
thickness of the simulated bone. This strengthening of your bone represents increased
resistive exercise and a diet rich in calcium and vitamin D. Make sure you label your
drawing, including the new materials.
14) Record the materials you will use to construct your new bone model on your Living Bones,
Strong Bones Data Sheet.
Pass out two index cards per group. Simulated bones made from more than one layer of
index cards demonstrate increased strength in the outside bone. Model to students how to
layer the cards for added strength. Roll the index cards grasping the short ends of the index
cards to start the rolling process.
15) Rebuild the bone model using two index cards.
Observe the students making the new bone model. Refer them back to their drawings for
redirection.
16) Predict how many textbooks you will be able to stack on the new bone model.
17) Record your prediction on your Living Bones, Strong Bones Data Sheet using a red pen.
18) Place the textbooks, one at a time, on the cardboard square until you run out of textbooks or
your new bone model collapses.
This improved bone model will hold more weight due to the thickness of the bone. Reserve
this bone model for later reference.
19) Collect and record data by counting the number of books your new bone model was able
to hold and recording the number on your Living Bones, Strong Bones Data Sheet.
The bone model you tested represents bone that is somewhat weak due to less than
sufficient amounts of calcium and Vitamin D and resistive exercise. In addition, the force of
gravity has been reduced. Your bones need resistive exercise and a healthy diet including
calcium and vitamin D to stay strong.
Compare bone models by asking each group to hold up their new bone model and state
how many textbooks it held. With the class, analyze the shape and size of each bone model
and compare how the shape and size affected the weight it held. This analysis will prompt
the redesign process of the next bone model.
20) Redesign the bone model on your graph paper, making it stronger by placing material inside
the bone model. This strengthening of bone is due to proper nutrition, including a diet rich in
calcium and vitamin D and resistive exercise. Make sure you label your drawing, including
the new materials.
21) Record the materials you will use to construct your new bone model on your Living Bones,
Strong Bones Data Sheet.
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Pass out two index cards and the zipper-seal bags 1/3 full of aquarium gravel. Explain that
the gravel in the bag represents the inside of a bone. Drawings should show aquarium
gravel inside the cylinder. This represents strong, healthy bone.
22) Using your new bone model sketch, build a new bone model out of two index cards.
Observe the students making the new bone model. Refer them back to their design for
redirection. Have the students build the bone model just as the previous bone model was
built except have them layer the two index cards before grasping the short end of the index
cards to begin the rolling process.
23) Place the zipper-seal bag containing aquarium gravel inside the bone model.
24) Predict how many textbooks you will be able to stack on the bone model.
25) Record your prediction on your Living Bones, Strong Bones Data Sheet using a red pen.
26) Place the textbooks, one at a time, on the cardboard square until you run out of textbooks or
your bone model collapses.
This bone model represents a healthy, strong bone. Reserve this bone model for later
reference.
27) Collect and record data by counting the number of books your bone model was able to
hold and recording the number on your Living Bones, Strong Bones Data Sheet.
14. After taking all measurements, study data by answering the questions following the Living Bones,
Strong Bones Data Sheet.
Using this information, ask the students to determine if the data supports or refutes their hypothesis.

Conclusion






Discuss the answers to the Study Data questions in the Living Bones, Strong Bones Student
Section.
Have the students update the LEARNED column in their KWL chart.
Have the students restate their hypothesis and explain what happened during testing, including
their results.
Ask students to compare their group data to the class data. What patterns can be found?
Ask students what they wonder now. Encourage students to design their own experiments.

Assessment




Assess student knowledge through questioning.
Assess student understanding by administering the Living Bones, Strong Bones Quiz.
(Appendix A)
Observe and assess student performance throughout the activity using the Scientific
Investigation Rubric found in the Living Bones, Strong Bones Student Section.

Activity Alignment to National Education Standards
National Science Education Standards (NSES):
Content Standard A: Science as Inquiry
 Abilities necessary to do scientific inquiry (K-8)
 Understandings about scientific inquiry (K-8)
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Content Standard E: Science as Inquiry
 Abilities of technological design (K-8)
 Understanding about science and technology (K-8)
Content Standard F: Science in Personal and Social Perspectives
 Personal health (K-8)
 Characteristics and changes in populations (K-4)
 Changes in environment (K-4)
 Science and technology in local challenges (K-4)
 Science and technology in society (5-8)
National Technology Education Standards (ITEA):
Design:
 Standard 8: Students will develop an understanding of the attributes of design.
 Standard 9: Students will develop an understanding of engineering design.
National Mathematics Education Standards (NCTM):
Data Analysis and Probability Standard:
 Develop predictions that are based on data.
Measurement Standard:
 Apply appropriate techniques, tools, and formulas to determine measurements.
National Health Education Standards (NHES) Second Edition (2006):
Standard 1: Students will comprehend concepts related to health promotion and disease prevention to
enhance health.
As a result of health instruction in grades 3 through 5, students will:
 1.5.1 Describe the relationship between healthy behaviors and personal health.
Standard 5: Students will demonstrate the ability to use decision making skills to enhance health.
As a result of health instruction in grades 3 through 5, students will:
 5.5.1 Identify health related situations that might require thoughtful decision.
Standard 7: Students will demonstrate the ability to practice health enhancing behaviors and avoid or
reduce health risks.
As a result of health instructions in grades 3 through 5, students will:
 7.5.1 Identify responsible personal health behaviors.
 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve personal
health.

Curriculum Explorations
To extend the concepts in this activity, the following explorations can be conducted:
Mathematics Exploration
Ask students to display their data in a graphic organizer of their choice. Ask them to explain why they
have chosen to display their data in this format.
Analyze the data, looking for patterns and trends.
National Mathematics Education Standards (NCTM):
Algebra Standard:
 Understand patterns, relations, and functions
o represent and analyze patterns and functions, using words, tables, and graphs
Data Analysis and Probability Standard:
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 Develop and evaluate inferences and predictions that are based on data
o

propose and justify conclusions and predictions that are based on data and design
studies to further investigate the conclusions or predictions

Language Arts Exploration
Ask students to explain the experiment. How might students improve this experiment? Where might
there have been mistakes made? How might these mistakes have affected their results?
Write a fictional story about the lifestyles and environments of people whose bone health demonstrates
the results found in each of the bone models.
National Council of Teachers of English Standards (NCTE):


Students conduct research on issues and interests by generating ideas and questions, and by
posing problems. They gather, evaluate, and synthesize data from a variety of sources (e.g.,
print and non-print texts, artifacts, people) to communicate their discoveries in ways that suit
their purpose and audience.

Fine Arts Exploration
Ask students to display their bone models in a creative way, illustrating what happened in each test.
Students could also display the results according to healthy and unhealthy bone, using a progression.
National Visual Arts Standards

 Content Standard 5: Reflecting upon and assessing the characteristics and merits of their work
a) Understand there are various purposes for creating works of visual art.
Sources and Career Links
Thanks to subject matter experts Dr. Jean Sibonga, Dr. Scott Smith, Dr. Don Hagan, Dorothy MetcalfLindenburger, and Sara Zwart for their contributions to this NASA Fit Explorer activity.
Dr. Jean D. Sibonga is a senior scientist and is the Scientific Lead for the Bone Mineral Laboratory
(http://hacd.jsc.nasa.gov/labs/index.cfm) at the NASA Johnson Space Center in Houston, TX. You can
find out more about Dr. Sibonga here: http://www.dsls.usra.edu/sibonga.html.
Dr. Scott M. Smith is the Scientific Lead for the Nutritional Biochemistry Lab at the NASA Johnson
Space Center in Houston, TX. You can find out more about Dr. Smith and his work here:
http://hacd.jsc.nasa.gov/labs/nutritional_biochem.cfm.
Dr. R. Donald Hagan is the Exercise Lead for the Human Adaptations and Countermeasures Office at
the NASA Johnson Space Center. You can read more about his laboratory here:
http://hacd.jsc.nasa.gov/labs/exercise_physiology.cfm.
Dorothy Metcalf-Lindenburger is an Astronaut, Educator Mission Specialist, at NASA Johnson Space
Center in Houston, TX. You can read more about Metcalf-Lindenburger at
http://www.jsc.nasa.gov/Bios/htmlbios/metcalf-lindenburger-dm.html.
Sara R. Zwart is a Research Scientist at the Nutritional Biochemistry Laboratory at the NASA Johnson
Space Center in Houston, TX. You can read more about Ms. Zwart here:
http://www.dsls.usra.edu/zwart.html.

Educator and Student Resources
Web resources:
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The Healthy Kids website teaches your students good health practices with correct food choices and
exercise. http://www.kidshealth.org/parent/nutrition_fit/index.html
The Action for Healthy Kids website can help your school design a wellness plan. Investigate new ways
to engage students in physical activity and how to provide nutritious meals during school.
http://www.actionforhealthykids.org
The Learn to Be Healthy website offers activities and lesson plans on nutrition and physical activity.
http://www.learntobehealthy.org
This Centers for Disease Control and Prevention website highlights bone health for women and girls.
http://www.cdc.gov/powerfulbones
This NASA resource from the Nutritional Biochemistry Lab at the NASA Johnson Space Center in
Houston, TX provides Space Nutrition Newsletters for kids.
http://hacd.jsc.nasa.gov/resources/kid_zone_newsletters.cfm
The National Space Biomedical Research Institute has a variety of space-related educational materials
ready for download. http://www.nsbri.org/Education/Elem_Act.html

Books and articles:
The Skeleton Inside You, by Phillip Balestrino, True Kelley (Illustrator),ISBN: 0064450872, ISBN-13:
9780064450874 Publisher: HarperCollins Children's Books Age Range: 5 to 9, Annotation: An
introduction to the human skeletal system, explaining how the 206 bones of the skeleton join together,
how they grow, how they help make blood, what happens when they break, and how they mend.
Bones: Our Skeletal System by Seymour Simon, Grade 3-5, Publisher SCHOLASTIC INC. ©1999,
ISBN 0439078083 (EAN 9780439078085). Annotation: In his instantly recognizable style, Simon
addresses the anatomy and function of bones. Describing bones as being like "the framework of a
building," he emphasizes that they are living parts of the body.
Skeleton (Eyewitness Book Series).by Steve Parker, ISBN: 0756607272 Pub. Date: August 2004
Series: Eyewitness Books Series. Age Range: 9 to 12. Annotation: Along with the 206 human bones,
readers can browse through over sixty pages of animal skeletons. Organized in twenty-five chapters,
the text is tiny, packed with information. Large shots entice tracing, drawing, and scrutiny.

This hands-on activity was adapted from activities 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. The activities used with
permission of Baylor. All rights reserved.
Lesson development by the NASA Johnson Space Center Human Research Program Education and
Outreach team.
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Appendix A
Living Bones, Strong Bones Quiz
Answer the following questions about the Living Bones, Strong Bones activity.
1. Draw a picture of the inside and the outside of a strong bone. What does it look like? Label the
bone.

Draw a picture of the inside and the outside of an unhealthy bone. What does it look like? Label the
bone.

2. List two factors that help make bones strong.
a.

b.

3. What happens to astronauts’ bones when they leave the Earth?

4. How do astronauts keep bones healthy before flight, during the mission, and when they return to
Earth?
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Appendix B
Living Bones, Strong Bones Glossary

walk-back

The task of walking a distance up to
10 km (6.2 mi) which astronauts must
be able to complete in order to return to
their base station.

loading

The weighted effect of gravity on your
body. Loading can be further increased
by adding resistance.

model

A physical representation of an object.

resistive exercise

A type of exercise in which the body's
muscles move (or try to move) against
a force or weight; usually created using
a type of equipment.

bone marrow

The spongy tissue that fills most bone
cavities and is the source of red blood
cells and many white blood cells.

cortical bone
(kôr'tĭ-kəl)

trabecular bone
(trə-běk'yə-lər)
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A dense and compact outer layer of
bone that forms a shell around bone
marrow.
Smaller bones that form a spongy
structure in the bone marrow found
inside the cortical bone shell.
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Appendix C
Bone Comparison Diagram

Humans are larger than
chickens. Both chickens
and humans have bones.
Human legs are like chicken
legs; they both have bones
that hold up the body
against the force of gravity.
Compared to human leg
bones, chicken leg bones are
smaller and more lightweight.
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Scientific Investigation Rubric
Experiment: Living Bones, Strong Bones

2

1

0

The student developed a clear
and complete hypothesis.

The student
developed a
clear,
complete
hypothesis.

The student
developed a
complete
but not fully
developed
hypothesis.

The student
developed a
partial
hypothesis.

The student
made very
little attempt
at
developing
a clear and
complete
hypothesis.

The student
made no
attempt at
developing
a clear and
complete
hypothesis.

The student followed all lab safety
rules and directions.

The student
followed all
of the lab
safety rules.

The student
followed
most of the
lab safety
rules.

The student
followed two
or more lab
safety rules.

The student
followed
one lab
safety rule.

The student
followed no
lab safety
rules.

The student followed the scientific
method.

The student
followed all
of the steps
in the
scientific
method.

The student
followed
most of the
steps in the
scientific
method.

The student
followed two
or more of
the steps in
the scientific
method.

The student
followed
one of the
steps in the
scientific
method.

The student
followed
none of the
steps in the
scientific
method.

The student recorded all data on
the data sheet and drew a
conclusion based on the data.

The student
recorded all
data and
completed
the
conclusion.

The student
recorded
most data
and had a
conclusion
nearing
completion.

The student
showed two
or more
records of
data
collection
and showed
a partial
conclusion.

The student
showed one
record of
data
collection
and did not
complete
the
conclusion.

The student
showed no
record of
data and no
evident
conclusion.

The student asked engaging
questions related to the study.

The student
asked four
or more
engaging
questions
related to
the study.

The student
asked three
engaging
questions
related to
the study.

The student
asked two
engaging
questions
related to
the study.

The student
asked one
engaging
question
related to
the study.

The student
asked no
engaging
questions
related to
the study.

The student designed a bone
model that was strong and held
weight.

The student
designed a
bone model
that was
strong and
held weight.

The student
had a
complete
design that
did not hold
weight

The student
had a partial
design that
did not hold
weight.

The student
had a partial
design but
did not test
the model.

The student
did not
design a
bone model.

Performance Indicator

4

3

Point Total
Grading Scale:
A = 22 - 24 points

B = 19 - 21 points
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C = 16 - 18 points

D = 13 - 15 points

F = 0 - 12 points
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Mission X: Train Like an Astronaut

LIVING BONES, STRONG BONES
Student Name

This lesson will help you identify ways to keep your bones
healthy, and observe the effects of reduced gravity on bone
models.

Engineering Design

During this lesson you will:
 observe bones.
 design bone models using index cards.

Per class:
 meter stick
 balance scale
 gram weights

Problem

Per group:
 one cooked, clean, dry
chicken thigh or leg bone
inside a snack size zipperseal bag
 centimeter ruler
 five index cards (7.6 x 12.7
cm or 3 x 5 in)
 clear cellophane tape
 cardboard square (approx.
24 x 24 cm or 9.4 x 9.4 in)
 textbooks or reams of paper
 snack size zipper-seal bag
1/3 full of aquarium gravel

Materials

How can I make a bone model that is strong and will hold weight?

Observation
Astronauts need to be able to walk long distances to explore the
moon or Mars surface, especially if their rover breaks down. This
long distance is called a 10 km walk-back (6.2 miles). Astronauts
need to be in top condition to keep their bones strong and
healthy, which is essential for performing tasks in space such as
the walk-back.
Bone is a living organ in your body. Bone is broken down and
built back up by special cells in the bones. It takes 10 years for
your entire skeleton to be replaced with new bone!
There are two ways to keep your bones healthy – proper diet and
resistive exercise. One without the other is not as effective as
using both together.
First, a proper diet will ensure that bones stay healthy. You
require calcium and vitamin D to build healthy bones. Where do
calcium and vitamin D come from? Calcium is found in dairy
products such as milk, cheese, and yogurt, and in leafy green
vegetables. Vitamin D is called the “sunshine vitamin” because
regular exposure to sunlight gives your body the vitamin D it
needs. Vitamin D is added to foods such as milk and orange
juice. Astronauts need proper amounts of calcium and vitamin D
to keep their bones strong and healthy.
Second, gravity pulling on your body, or “loading” is essential to
bone health. A type of exercise that “loads” your bones is called
resistive exercise. When you do push ups, jump rope, or push
against a surface, you are doing a resistive exercise, and that
helps you build strong bones! Astronauts need resistive exercise
to keep their bones strong and healthy.

www.trainlikeanastronaut.org

Per student:
 safety glasses or goggles
 red pen
 hand lens

Safety
Review your classroom and lab
safety rules. You should wear
eye protection during this
activity. Do not remove the
chicken bone from the zipperseal bag.
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Eating a proper diet rich in calcium and vitamin D and being physically active will keep your bones
strong. If you go outside to play hopscotch on a sunny day, you are taking in vitamin D from the sun,
and getting resistive exercise – two parts of having proper bone health. Doing these things will keep
your bones strong, the same way the astronauts keep their bones healthy. Who knows? One day, if you
keep your body well-conditioned you could become one of our next space explorers to travel to the
moon, Mars, and beyond!
Brainstorm with your group about bones. Make observations about bone following your teacher’s
instructions.
Use the first column of this KWL chart to organize your observations about bones. Brainstorm with your
group what you want to know about bones, and then record your list in the second column of the KWL
chart.
KNOW

WANT TO KNOW

LEARNED

Hypothesis
Based on your observations, materials, and predictions, answer the problem question with your best
guess. Problem: How can I make a bone model that is strong and will hold weight? Your
hypothesis should be written as a statement.
My Hypothesis: _____________________________________________________________________
__________________________________________________________________________________

Test Procedure
With your group:
1) Study the index card.
 Discuss the shape, size, and thickness of bones.
 Decide how you would like to design your group bone model from the index card.
o Design a bone model making sure your bone model is:
 made much like the chicken bone, and
 sturdy enough to hold weight.
2) Complete your individual bone model design drawing on your own piece of graph paper.
3) Label the materials in your design on your graph paper.
4) Group members should agree on a title for your bone model design, and include it on your graph
paper.
5) Use the index card to build a bone model according to your sketches, using the tape for fastening.
www.trainlikeanastronaut.org
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6) Place the bone model on the table in the same way your leg bone is in your body when you are
standing up.
7) Record the materials you will use to construct your bone model on your Living Bones, Strong Bones
Data Sheet.
8) Place the cardboard square on top of the bone model.
9) Predict how many textbooks you will be able to stack on the bone model.
The textbooks represent the weight of your body.
10) Record your prediction on your Living Bones, Strong Bones Data Sheet using a red pen.
11) Place the textbooks, one at a time, on the cardboard square until you run out of textbooks or your
bone model collapses.
12) Collect and record data by counting the number of books your bone model was able to hold and
recording the number on your Living Bones, Strong Bones Data Sheet.
The bone model you tested represents bones that are weak due to improper amounts of calcium
and vitamin D, a lack of resistive exercise, or the force of gravity no longer pulling on them. Your
bones need resistive exercise and a healthy diet including calcium and vitamin D to stay strong.
13) Redesign the bone model on your graph paper, making it stronger by increasing the thickness of
the simulated bone. This strengthening of your bone represents increased resistive exercise and a
diet rich in calcium and vitamin D. Make sure you label your drawing, including the new materials.
14) Record the materials you will use to construct your new bone model on your Living Bones, Strong
Bones Data Sheet.
15) Rebuild the bone model using two index cards.
16) Predict how many textbooks you will be able to stack on the new bone model.
17) Record your prediction on your Living Bones, Strong Bones Data Sheet using a red pen.
18) Place the textbooks, one at a time, on the cardboard square until you run out of textbooks or your
new bone model collapses.
19) Collect and record data by counting the number of books your new bone model was able to hold
and recording the number on your Living Bones, Strong Bones Data Sheet.
The bone model you tested represents bone that is somewhat weak due to less than sufficient
amounts of calcium and Vitamin D and resistive exercise. In addition, the force of gravity has been
reduced. Your bones need resistive exercise and a healthy diet including calcium and vitamin D to
stay strong.
20) Redesign the bone model on your graph paper, making it stronger by placing material inside the
bone model. This strengthening of bone is due to proper nutrition, including a diet rich in calcium
and vitamin D and resistive exercise. Make sure you label your drawing, including the new
materials.
21) Record the materials you will use to construct your new bone model on your Living Bones, Strong
Bones Data Sheet.
22) Using your new bone model sketch, build a new bone model out of two index cards.
23) Place the zipper-seal bag containing aquarium gravel inside the bone model.
24) Predict how many textbooks you will be able to stack on the bone model.
25) Record your prediction on your Living Bones, Strong Bones Data Sheet using a red pen.
26) Place the textbooks, one at a time, on the cardboard square until you run out of textbooks or your
bone model collapses.
www.trainlikeanastronaut.org

Living Bones, Strong Bones – Student Section 3/7

27) Collect and record data by counting the number of books your bone model was able to hold and
recording the number on your Living Bones, Strong Bones Data Sheet.

Record Data
Living Bones, Strong Bones Data Sheet

Bone Model

Materials Used to
Construct the Bone Model

PREDICT
How many textbooks will
the bone model hold?
Use your red pen
in this column.

ACTUAL
Record the number of
textbooks the
bone model held.

First
Bone Model

Second Bone
Model

Third
Bone Model

Study Data
After collecting all data, study data by answering the following questions.
1. Which bone model was the strongest? Explain why.

2. Compare the amount of weight the first bone model held to the weight the last bone model held.
What is the difference? Did the amount of weight increase or decrease? Why did the amount
change?

3. Were your predictions correct? Why or why not?

4. Does this data support your hypothesis? Why or why not?

www.trainlikeanastronaut.org
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5. How do your group results compare to class results?

Conclusion



Fill in the LEARNED column in the KWL chart.
Restate your hypothesis then explain what happened during testing, including your results.
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Scientific Investigation Rubric
Experiment: Living Bones, Strong Bones
Student Name __________________________________

Performance Indicator

4

Date ___________________

3

2

1

0

The student developed a clear and
complete hypothesis.

The student followed all lab safety
rules and directions.

The student followed the scientific
method.
The student recorded all data on the
data sheet and drew a conclusion
based on the data.
The student asked engaging questions
related to the study.

The student designed a bone model
that was strong and held weight.

Point Total

Grading Scale:
Point total from above: _________ (24 possible)

A = 22 - 24 points
B = 19 - 21 points

Grade for this investigation _________________

C = 16 - 18 points
D = 13 - 15 points
F = 0 - 12 points
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Bone Model 1: ______________________________________________________________

Bone Model 2: ______________________________________________________________

Bone Model 3: ______________________________________________________________
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Mission X: Train Like an Astronaut

A Microbial Box

Ages: 8-12
Topic: Bacteria, Classifying, Science Lab Practices
Time: 1-2 class days
Standards
Next Generation Science Standards:
5-LS2-1 Develop a model to describe the movement of
matter among plants, animals, decomposers, and the
environment
Common Core State Standards: MP.4 Model with
mathematics

EDUCATOR SECTION (PAGES 1-8)
STUDENT SECTION (PAGES 9-16
Background
Microbes live everywhere! While many microbes on Earth are harmless,
and can even be helpful to humans, some microbes can be unsafe.
Microbes belong to a group all by themselves because they are
neither plants nor animals. Because they can multiply extremely
quickly, it is normal to find millions of them in the same location.
Some microbes or “germs”, such as bacteria and mold, can grow on
food, dirty clothes, and garbage that people produce. Microbes live
on your skin, in your mouth, nose, hair, and inside your body.

Astronaut Chris Hadfield taking microbe samples on
the ISS.

Microbes can also be found aboard the International Space Station (ISS). NASA scientists have reported that
some germs on the ISS can increase to a higher number than they do on Earth. Therefore, cleanliness and proper
disposal of garbage is an important part of living on the ISS.
Scientists who study microbes are called microbiologists and microbiology is the study of microorganisms
or microbes. The root word “micro” comes from Greek and means “small”. These microbes are so small that
powerful microscopes are needed to be able to see them. At the Johnson Space Center in Houston, TX, NASA
microbiologists study the small microbes in the air, water, food, and surfaces of the ISS. Controlling the microbes
inside your body is an important part of staying healthy. So, where can you find microbes?

Lesson Objectives. Students will:
• analyze microbial life based on research.
• investigate the relationship of many everyday products to
microorganisms.
• examine the impact of microorganisms on daily life.
• discover that microorganisms have the greatest diversity of all living
organisms.
• explain how microorganisms are beneficial to humans and the
environment.
www.trainlikeanastronaut.org

Teacher Notes / suggestions for
implementation:
This activity is designed to accompany What's in
your Petri?, so completing both activities will give
the students both a research and a laboratory
experience. It is possible to do the activities in
different years or separated by a significant amount
of time. Thus, the student reading sections and
background information are the same as they are
appropriate for either activity.
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Question: What
do you do with
your wet workout
clothes?

Microbiologists have found that microbes can live just about everywhere, even
on us! We have trillions of microbes inside and outside of our bodies. Run your
tongue over your teeth—you are licking thousands of microbes that normally
live on your teeth. Millions of them live on your tongue, too. A large part of the
mass of your body is actually something else: bacteria, viruses, and fungi.
Microbes are in the world around you, too. If you pick up a fistful of garden
soil, you are holding hundreds (if not thousands) of different kinds of microbes
in your hand. A single teaspoon of that soil contains over 1 billion microbes of
bacteria, about 120,000 microbes of fungi and 25,000 microbes of algae.
Microbes have been around for billions of years because they are able to adapt
to the ever-changing environment. They can find a home anywhere, and some
of them live in places where we once thought nothing could survive.

For example, scientists have discovered microbes living in the boiling waters
of hot springs in Yellowstone National Park. Other heat-loving microbes live in
Fungi on the ISS, growing on a panel where
volcanic cracks—miles under the ocean surface, where there is no light and
exercise clothes were hung to dry.
the water is a mixture of poisonous
chemicals. Other microbes live in the
permanently frozen ice of Antarctica.
Microbes have also been found living
inside the stones that make up the
walls of old cathedrals in Europe.
Microbes can even survive in space.
On April 20, 1967, the unmanned
lunar lander Surveyor 3 landed near
Oceanus Procellarum on the surface of
the Moon. One of the onboard items
included a television camera. TwoFigure 2: Television camera
Figure 3: Bacteria found on the television camera of Surveyor 3. and-a-half years later, on November
from Surveyor 3.
20, 1969, Apollo 12 astronauts Pete
Conrad and Alan L. Bean recovered
the camera. When NASA scientists examined it back on Earth, they were surprised to find some bacteria called
Streptococcus mitis were still alive. Because of the precautions the astronauts had taken, NASA could be sure
that the germs were inside the camera when it was retrieved, so they must have been in the camera before the
Surveyor 3 was launched. These bacteria had survived for 31 months in the
vacuum of the Moon’s atmosphere. They may have frozen or dried inside the
camera, which are two ways normal bacteria can enter a state of deep sleep.
Some scientists even believe there is a possibility that bacteria may have once
lived on Mars. The photograph on the right (taken through a microscope)
shows what some scientists believe may be the fossils
of tiny bacteria in a rock that formed on Mars about
4.5 billion years ago. The rock crash-landed on Earth Figure 4: Close-up of bacteria that survived
as a meteorite thousands of years ago.
for almost 3 years on the moon.
www.trainlikeanastronaut.org
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Problem: How can I categorize life around me that cannot be seen?

Teacher Notes /
suggestions for student
engagement:
To help with the student
engage section, ask some
questions such as: If you
drop a piece of candy on the
gym floor, would you still eat
it? What are some cleaning
products you use at home?
Why do you clean your
hands before eating? What
are some ways to clean a
wound if you get a cut in
your skin? What are some
ways to prevent getting
sick?

SAFETY!!
• Remind students about the importance of classroom and
lab safety.
• Students should not consume any food products in the
laboratory.

Part 1 - Explore
Researching the microorganisms
around us!
RESEARCH
In this part of the activity, students
will investigate the relationship
microorganisms have with many of
the products they use every day.
In addition, students will grow and
study microbial life.
Additional research can be done on the following related topics:
• influenza
• common cold
• athlete’s foot
• cavities
• pink eye
• strep throat

DAYS

Pre-lesson Preparation: At least three days prior to the activity.
(Students should work in groups of four.)
DAYS
Prepare research information.
• Have students watch the video A Microbial Box here
http://trainlikeanastronaut.org/media
• Students can use computers to research information.
Create bookmarks or “URL hot sheets” on student
computers, or print web pages for student use (using resources available
on the web site and in Appendix B).
• E-mail resources (available on the web site and in Appendix B) to your
technology teacher so that s/he can bookmark web sites prior to your
class using a computer. This will facilitate the students’ research.
• If computers are not available, the technology instructor can provide
print-out information such as internet articles for students that are
appropriate to their grade level.
• Provide a copy of the resources (available on the web site) to your
librarian to facilitate prior book selection. This will provide students with
more resources to help them complete their task.
• Facilitate questioning throughout the activity.

Prepare:

3
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Per class
• A Microbial Box Research Sheet
transparency (viewed using an
overhead projector), a copy of
the Microbial Box table on a chart
tablet, or an image on the wall
using a document camera.
• Bookmarked web sites, printed
web resources, and/or book
resources (available on the web
site and in Appendix B)
• Microbial Box (see pre-lesson
instructions section below)
Per Student:
• Copy of A Microbial Box Student
Section
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DAYS

The day prior to the activity:
Materials:
1. Create a Microbial Box
– Shoe box or
• Obtain any size shoe box or container (and decorate if desired)
container
• Print and cut corresponding images to go inside the box or
– Zipper seal bag
container. You may need more than one of each item, depending
– Images or the following
DAYSitems
on the class size. Optional: Instead of using images, you may use
– yogurt
clean containers, clean packaging, or the actual items themselves.
– Blue cheese
If using this method, the following items will be needed (explanation
– Swiss cheese
of items provided in Appendix B):
– Slice of bread
– clean, empty yogurt container with label or yogurt in a zipper
– Split peas or peanuts
seal bag
– Coffee beans
– blue cheese or its label in a zipper seal bag
– Picture of hot springs or geyser
– swiss cheese or its label in a zipper seal bag
– Sterile, empty container of
– slice of bread in a zipper seal bag
antibiotics
– split peas or peanuts in a zipper seal bag
–
Sweaty socks
– coffee beans in a zipper seal bag
– Vinegar
– picture of a hot springs, such as Old Faithful
– Plastic nose or image of nose
– empty container of antibiotics
– sweaty sock inside a zipper seal bag
– vinegar in a zipper seal bag or picture of vinegar
– plastic nose or picture of a human nose
2. Make a Microbial Box Research Sheet (Appendix A) transparency or a copy of the Microbial Box table on chart
tablet, or you may project an image on the wall using a document camera.
3. Make a copy of the A Microbial Box Student Section for each student.

3

Procedures:
A Microbial Box (taken from the A Microbial Box Student Section)
This activity should highlight the role microbes play and contribute to our lives and environment on Earth, as well as in space.

1. Each student will fill in the KWL chart for what they already KNOW about microbes. Discuss as a class.
2. Discuss as a group then each student will fill in the section for what they WANT to learn about microbes.
3. Each student will receive one item from the Microbial Box. (These items may come directly from
microorganisms [or microbes], utilize microbes, or in some way be associated with microorganisms.)
Teacher notes: Challenge students to determine if the item comes directly from microorganisms, utilizes
microorganisms, or is associated with microorganisms in some way.
4. Investigate with your group to determine what your items have to do with microbes.
Teacher notes:
• Students can use computers to research information (resources are available on the internet and in English
in Appendix C). If the lesson will be performed in languages other than English, prepare before the lesson by
finding resources in appropriate languages for the students.
• Remind students to use guiding questions located at the top of their Microbial Box.
• Have the students use the Research Sheet (Appendix A) to help in their research.
5. Record your data on the Microbial Box Research Sheet.
6. With your group, identify which of the items might be found on a spaceflight mission.
www.trainlikeanastronaut.org
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7. Record your data on the Microbial Box Research Sheet. (Use Appendix A as a reference key.)
8. Present your data to the class. As other students present, record all the data on your Microbial Box Research
Sheet.
Teacher notes: As students present their data, write data on chart paper or make a transparency of a
blank Microbial Box Research Sheet so that the information may be viewed by the whole class. Use Appendix
A as a reference key.
If the students perform the follow up activity, What's in your Petri?, they will research and test their
hypothesis’ following the procedure of the experiment.

Explain:
The following are the student explain questions from the A Microbial Box Student Section.
When you have completed your research, study your data and answer the following questions.
1. How many microbes were bad for humans and the environment? [Answers will vary]
2. How many microbes were good for humans and the environment? [Answers will vary]
3. Based on your data, are microbes good, bad, or both? Why? [Answers will vary and will most likely include both
good and bad microbes]
4. Give examples of how microbes are used. [Answers will vary, but may include microbe use in digestion,
medicines, agriculture, etc]
5. Which items could be found in a spaceflight mission? [ Plastic bags, peanuts, coffee, antibiotics, sweaty socks]
6. Where are microbes found? [Answers will vary and will likely include inside the human body, on the skin, and on
surfaces around us]
Teacher notes: The Student Reading Section can be read either at the beginning of the activity, or following
the microbial box research section.

Evaluate:
1. Choose three objects in your microbial box that are similar to each other. How are they similar? [Answers will
vary]
2. What is a different object that you might add to your microbial box that would be an example of something
containing microbes? [Answers will vary]
3. Microbes are too small to see without a microscope. How might you know if you ate microbes in your food?
[Answers will vary, but may include feeling healthier or sicker.]
4. Which microbes would you find in your school as well as in your home? [Answers will vary, but may include
foods or similar surfaces.]
5. Where else do you think you would be able to find a large amount of microbes? [Answers will vary]
www.trainlikeanastronaut.org
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Elaborate:
1. How can you observe life around you that cannot be seen? [Using tools such as microscopes or telescopes, or
letting things grow until they are big enough to see.]
2. Which objects in your school do you think would have high amounts of microbes? [Answers will vary]
3. As a group, develop a plan as to how you help maintain a clean and microbe-free school. How could you do
this at home?[Answers will vary]
4. Imagine you are a microbiologist concerned about astronaut safety. Please make recommendations to NASA to
reduce the microbial level aboard spaceflight missions.[Answers will vary]

Extend:
1. Read the “Did you know?” graphic. Why do you think astronauts are kept away from other people for a week
before launching into space. How does this keep them from getting sick in space? [Answers will vary]
2. Look at your microbial box again. Where on the ISS would you expect more microbes to be found? Where
would you expect the least amount of microbes? [Answers will vary]
3. Create a diary or story from the perspective of the microbes inside your microbial box. For example, if you were
one of the microbes in the box, what would be your life story? [Answers will vary]

Educator resources
Useful Websites for Further Information
Microbes living on the ISS before humans ever lived there
http://science.nasa.gov/science-news/science-at-nasa/2000/ast26nov_1/
To read more about the ISS Environmental Control and Life Support System
http://www.nasa.gov/sites/default/files/104840main_eclss.pdf
To learn more about microbes and health
https://www.niaid.nih.gov/topics/microbes/Documents/microbesbook.pdf
NASA eClips about life on other planets
http://www.nasa.gov/audience/foreducators/nasaeclips/search.html?terms=&category=1000
Some lesson plans from the UK
http://www.schoolscience.co.uk/partners/chilled-food-association
http://www.nationalstemcentre.org.uk/elibrary/collection/991/chilled-food-association
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Appendix A

Microbial Box Research Sheet Solution Key
Item

How is this item
Are these microbes If this item is a body
Can this item
related to microbes?
good or bad for
PART, should this
be found on a
humans and the
PART of the body
spaceflight mission?
environment? Why?
be tested on an
astronaut?

Yogurt

See Appendix B

Good - Appendix B

N/A

No—it spoils, no
refrigerator in space

Blue Cheese

See Appendix B

Good - Appendix B

N/A

No—it spoils, no
refrigerator in space

Swiss Cheese

See Appendix B

Good - Appendix B

N/A

No—it spoils, no
refrigerator in space

Antibiotics

See Appendix B

Good - Appendix B

N/A

Yes—antibiotics are
taken into space in
case of illness

Bread

See Appendix B

Good - Appendix B

N/A

Yes—bread is eaten
in space

Split peas or
peanuts

See Appendix B

Good - Appendix B

N/A

Yes—peanuts are
eaten in space

Vinegar

See Appendix B

Good - Appendix B

N/A

No—vinegar is not
taken into space

Coffee beans

See Appendix B

Good - Appendix B

N/A

No—astronauts take
coffee into space, but
not coffee beans

Sweaty socks

See Appendix B

Bad - Appendix B

N/A

Yes—astronauts wear
socks in space

Hot Springs
(Old Faithful)

See Appendix B

Good - Appendix B

N/A

No—Hot springs are
only found on Earth

Good - Appendix B

No — There is no
need to test unless an
astronaut is sick.

Yes—all astronauts
have a nose!

Nose

See Appendix B

www.trainlikeanastronaut.org
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Appendix B - Microbial Box Items (Internet links are in English)
• Yogurt: Formation of yogurt from milk relies on actively growing cultures of specific bacteria. The bacteria
converts pasteurized milk to yogurt during fermentation. Students should be able to find the label on the
package that says “live and active cultures”. The bacteria used are Lactobacillus spp. and Streptococcus
thermophilus. http://aboutyogurt.com/index.asp?sid=5
• Blue cheese: Most cheeses that are aged have bacteria or fungi added to them. The type of bacteria/fungus
determines the flavor of the cheese. In the case of blue cheeses, you can explain that the blue vein is actually
made of blue mold (fungus) which is particular Penicillium spp. http://www.ehow.com/how-does_5194628_bluecheese-mold-it.html
• Swiss cheese: The holes in this cheese are the result of fermentation by bacteria (Propionibacterium shermanii)
which produces a lot of gas as a by-product, and therefore creates holes in the final product. The bacteria also
give the cheese its characteristic flavor. http://www.inspirationline.com/Brainteaser/cheese.htm
• Antibiotic: Most kids will tell you this is what is used to treat bacterial infections. That certainly is true. But
more importantly, most antibiotics are derived from natural products of fungi or bacteria that are used by these
organisms to kill their competitors. A perfect example is the antibiotic, streptomycin, produced by the bacteria,
Streptomyces griseus. http://www.infoplease.com/ce6/sci/A0846951.html
• Bread: Most breads are made with yeast, which is a type of fungus. The yeast (Saccharomyces cerevisiae)
ferments, producing gas as a by-product which results in the bread rising. http://microbezoo.commtechlab.msu.
edu/zoo/zqq0221.html#top
• Split peas or peanuts: These plants are members of the legume family. Legumes rely on bacteria in the soil.
The bacteria attach to their roots and help the plants grow by fixing nitrogen gas so the plant can use the
nitrogen. These bacteria are called Rhizobium. http://microbezoo.commtechlab.msu.edu/zoo/zdrmain.html
• Vinegar: Vinegar is made when a type of bacteria (Acetobacter spp.) where ferment ethanol (alcohol) turns into
acetic acid (vinegar). http://www.versatilevinegar.org/faqs.html
• Coffee beans: When these beans come off the plant, they are coated with a pulp and surrounded by a thin
skin. Yeasts are used to ferment and help destroy the pulp, so the beans can be more easily cleaned and dried.
http://www.coffeereview.com/glossary.cfm?alpha=F
Images of how coffee is made: http://www.flickr.com/photos/counterculturecoffee/5430967023/in/
photostream/
• Sweaty socks: Sweaty feet are more likely to have an offensive odor, but it isn’t the sweat (which is mostly salt
and water) that causes the distinctive smell. Rather, it is the bacteria that live on the feet that lead to the smell.
The bacteria enjoy the dark, damp environment of a sweaty sock, and have a feast, growing and metabolizing
the sweat. When you remove the sock, the bacterial by-products are responsible for the odor. http://health.
howstuffworks.com/question514.htm
• Hot springs, such as Old Faithful: Scientists have found bacteria that can live at very hot temperatures. They
are using enzymes made from these bacteria to help them do experiments that would not otherwise be possible.
http://mms.nps.gov/yell/ofvec/exhibits/ecology/microbes/alkaline.htm
• Nose: Nitric Oxide (NO) is commonly found in the nose and nasal passages, and is meant to protect people
against disease-causing microbes. Staph aureus is a bacteria commonly found in the nose. When Staph aureus
is exposed to Nitric Oxide (NO), it produces an enzyme, responsible for lactic acid production. http://www.
textbookofbacteriology.net/staph.html
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Mission X: Train Like an Astronaut

A Microbial Box
Student Section

Did you know?
NASA sends microbes to the
International Space Station with every mission.
Some are in the food, some are in the air, and some are
even inside the astronauts! To keep the crew from getting
sick from bad microbes, before they fly to space the
astronauts are kept away from people who feel ill and as
many people as possible; even spouses and family!

Problem: How can I categorize life around me that cannot be seen?

?

Engage:

What are microbes, and which microbes are good for the human
body? Are living things inside us? Do we eat living things? Are
some of these living things good, and some bad, for our health?
Which surfaces around school may have some living things
on them which are too small to see? Can you imagine all the
microbes floating around your school or the International Space Station?
In this activity, your group will investigate the relationship microorganisms
have with many of the products we use every day. If your class
completes part 2 of this activity, “What's in your Petri?”, your group will
actually grow and study microbial life!

Part 1 - Explore
Researching the microorganisms around us!
Use the first column of this KWL chart to organize what you already know
about microbial growth. Brainstorm with your group what you want to know
about microbial growth, then list in the second column of this KWL chart.
KNOW

www.trainlikeanastronaut.org

Commander Chris Hadfield, who flew to
space three times.

WANT TO KNOW

LEARNED
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Hypothesis:
Based on your observations, answer the “problem question” with your idea about answering the question, “How
can I categorize life around me that cannot be seen?”
My answer: _______________________________________________________________________________________
_________________________________________________________________________________________________

Safety
No safety concerns in this section. Do not eat any food items in this activity or science lab!

Procedures
1. Investigate with your group to determine what your items have to do with microbes.
2. Record your data on the What's in your Petri? Microbial Box Research Sheet.
3. With your group, identify which of the items might be found on a spaceflight mission.
4. Record your data on the What's in your Petri? Microbial Box Research Sheet. Use Appendix A as a reference
key.
5. Present your data to the class. As other students present, record all the data on your What's in your Petri?
Microbial Box Research Sheet.

www.trainlikeanastronaut.org
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EXPLAIN

Microbial Box Research Sheet Solution Key
Item

How is this item
Are these microbes If this item is a body
Can this item
related to microbes?
good or bad for
PART, should this
be found on a
humans and the
PART of the body
spaceflight mission?
environment? Why?
be tested on an
astronaut?

Yogurt

Blue Cheese

Swiss Cheese

Antibiotics

Bread
Split peas or
peanuts
Vinegar

Coffee beans

Sweaty socks
Hot Springs
(Old Faithful)
Nose

www.trainlikeanastronaut.org
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EXPLAIN: Study Data
When you have completed your research, study your data and answer the following questions.
1. How many microbes were bad for humans and the environment?

2. How many microbes were good for humans and the environment?

3. Based on your data, are microbes good, bad, or both? Why?

4. Give examples of how microbes are used.

5. Which items could be found in a spaceflight mission?

6. Where are microbes found?

www.trainlikeanastronaut.org
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Student reading section:
Microbes live everywhere! While many microbes on Earth are harmless, and can even be helpful to humans, some
microbes can be unsafe.
Microbes belong to a group all by themselves because they are neither plants nor animals. Because they can
multiply extremely quickly, it is normal to find millions of them in the same location.
Some microbes or “germs”, such as bacteria and mold, can grow on food,
dirty clothes, and garbage that people produce. Microbes live on your
skin, in your mouth, nose, hair, and inside your body.
Microbes can also be found aboard the International Space Station (ISS).
NASA scientists have reported that some germs on the ISS can increase
to a higher number than they do on Earth. Therefore, cleanliness and
proper disposal of garbage is an important part of living on the ISS.
Figure 1: Inside a mouth where microbes cultivate
Scientists who study microbes are called microbiologists and microbiology
(courtesy of Hardin MD/ University of Iowa and The
is the study of microorganisms or microbes. The root word “micro” comes
Centers for Disease Control and Prevention)

from Greek and means “small”. These microbes are so small that powerful
microscopes are needed to be able to see them. At the Johnson Space
Center in Houston, TX, NASA microbiologists study the small microbes in the air, water, food, and surfaces of
the ISS. Controlling the microbes inside your body is an important part of staying healthy. So, where can you find
microbes?

Microbiologists have found that microbes can live just about everywhere, even on us! We have trillions of microbes
inside and outside of our bodies. Run your tongue over your teeth—you are licking thousands of microbes that
normally live on your teeth. Millions of them live on your tongue, too. A large part of the mass of your body is
actually something else: bacteria, viruses, and fungi.
Microbes are in the world around you, too. If you pick up a fistful of garden soil, you are holding hundreds (if
not thousands) of different kinds of microbes in your hand. A single teaspoon of that soil contains over 1 billion
microbes of bacteria, about 120,000 microbes of fungi and 25,000 microbes of algae.
Microbes have been around for billions of years because they are able
to adapt to the ever-changing environment. They can find a home
anywhere, and some of them live in places where we once thought
nothing could survive.
For example, scientists have discovered microbes living in the boiling
waters of hot springs in Yellowstone National Park. Other heat-loving
microbes live in volcanic cracks—miles under the ocean surface,
where there is no light and the water is a mixture of poisonous
chemicals. Other microbes live in the permanently frozen ice of
Antarctica. Microbes have also been found living inside the stones that
make up the walls of old cathedrals in Europe.
Geyser in Yellowstone National Park.
www.trainlikeanastronaut.org
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Figure 2: Television camera
from Surveyor 3.

Microbes can even survive
in space. On April 20, 1967,
the unmanned lunar lander
Surveyor 3 landed near Oceanus
Procellarum on the surface of the
Moon. One of the onboard items
included a television camera.
Two-and-a-half years later, on
November 20, 1969, Apollo 12
astronauts Pete Conrad and
Figure 3: Bacteria found on the television camera of Surveyor 3.
Alan L. Bean recovered the
camera. When NASA scientists
examined it back on Earth, they
were surprised to find some bacteria called Streptococcus mitis were still alive.
Because of the precautions the astronauts had taken, NASA could be sure that
the germs were inside the camera when it was retrieved, so they must have
been in the camera before the Surveyor 3 was launched. These bacteria had
survived for 31 months in the vacuum of the Moon’s atmosphere. They may
have frozen or dried inside the camera, which are two ways normal bacteria
can enter a state of deep sleep.

Figure 4: Close-up of bacteria that survived
for almost 3 years on the moon.

Some scientists even believe there is a possibility that bacteria may have once
lived on Mars. The photograph to the left (taken through a microscope) shows
what some scientists believe may be the fossils of tiny
bacteria in a rock that formed on Mars about 4.5 billion years ago. The rock crashlanded on Earth as a meteorite thousands of years ago.

Evaluate:
Update the LEARNED column in your KWL chart and answer the following questions:
1. Choose three objects in your microbial box that are similar to each other. How are they similar?

2. What is a different object that you might add to your microbial box that would be an example of something
containing microbes?

3. Microbes are too small to see without a microscope. How might you know if you ate microbes in your food?

4. Which microbes would you find in your school as well as in your home?

www.trainlikeanastronaut.org
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5. Where else do you think you would be able to find a large amount of microbes?

Elaborate
1. How can you observe life around you that cannot be seen?

2. Which objects in your school do you think would have high amounts of microbes?

3. As a group, develop a plan as to how you help maintain a clean and microbe-free school. How could you do
this at home?

4. Imagine you are a microbiologist concerned about astronaut safety. Please make recommendations to NASA to
reduce the microbial level aboard spaceflight missions.

Extend
1. Read the “Did you know?” graphic. Why do you think astronauts are kept away from other people for a week
before launching into space. How does this keep them from getting sick in space?

2. Look at your microbial box again. Where on the ISS would you expect more microbes to be found? Where
would you expect the least amount of microbes?

3. Create a diary or story from the perspective of the microbes inside your microbial box. For example, if you were
one of the microbes in the box, what would be your life story?

www.trainlikeanastronaut.org
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Thank you to our Contributors:
Thanks to subject matter experts Dr. Cherie Oubre, Rebekah Bruce, and Dr. Mark Ott for their contributions to
the development of this education material. These scientists work in the Microbiology Laboratory at the NASA
Johnson Space Center (JSC) in Houston, Texas.

Are you interested in working with microbes that are too small to see, yet are critical in the health and well-being of
others? You, too, can continue to study microbiology and maybe one day you can work in the NASA Microbiology
Laboratory with the highly skilled interdisciplinary team at the Johnson Space Center. The Microbiology Laboratory
serves as a NASA-wide resource for microbial issues associated with living and working in closed environments
specializing in spaceflight operations, including requirements development, environmental monitoring (including
enumeration, microbial characterization and identification), potable water analysis, crew diagnostics, food analysis,
crew training, biosafety review of payloads, and flight hardware and technology development. When a microbe
is sampled on the ISS, chances are very good that the JSC Microbiology Laboratory has already studied it. The
wonderful scientists in this lab devote their careers to studying these very small organisms that are too small to
see, but are necessary to maintain a healthy life in space as well as on Earth.
This lesson was developed with the support of Sylvia Sáenz, a Bilingual Educator at Tinsley Elementary in Houston
ISD. She has been teaching for nine years and currently works as a 3rd grade bilingual educator.
This lesson was beta-tested with the support of the following teachers: Ellen Hutto has taught 6th, 7th, and 8th
grade for the past four years. She currently teaches 5th grade science and has a true passion for space science.
She is also the founder and director of Saltgrass Science Programs. Jami Conner has taught 5th grade for
five years. She currently teaches math and science, and spends any spare time she has reading and spending
time with her 19-month old son, Travis. Both teachers are proud to be Ross Roadrunners at James H. Ross
Elementary in League City, Texas.
Lesson development by the NASA Johnson Space Center Human Research Program Education Outreach team.
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Mission X: Train Like an Astronaut

What's in your Petri

Ages: 10-14
Topic: Bacteria, Scientific Method, Classifying, Sampling
Time: 2 class days
Standards
Next Generation Science Standards:
5-LS2-1 Develop a model to describe the movement of
matter among plants, animals, decomposers, and the
environment
Common Core State Standards: MP.4 Model with
mathematics

EDUCATOR SECTION (PAGES 1-12)
STUDENT SECTION (PAGES 13-21)

Background
Microbes live everywhere! While many microbes on Earth are
harmless, and can even be helpful to humans, some microbes can be
unsafe.
Microbes belong to a group all by themselves because they are neither
plants nor animals. Because they can multiply extremely quickly, it is
normal to find millions of them in the same location. Some microbes or
“germs”, such as bacteria and mold, can grow on food, dirty clothes, Astronaut Chris Hadfield taking microbe samples
and garbage that people produce. Microbes live on your skin, in your on the ISS.
mouth, nose, hair, and inside your body.
Microbes can also be found aboard the International Space Station (ISS). NASA scientists have reported that some
germs on the ISS have different characteristics when grown in space compared to when they grow on Earth. The
safety of the crew is of utmost importance. Therefore, cleanliness and proper disposal of garbage is an important
part of living on the ISS.
Scientists who study microbes are called microbiologists and microbiology is the study of microorganisms
or microbes. The root word “micro” comes from Greek and means “small”. These microbes are so small that
powerful microscopes are needed to be able to see them. At the Johnson Space Center in Houston, Texas, NASA
microbiologists study the small microbes in the air, water, food, and surfaces of the ISS. Controlling the microbes
inside your body is an important part of staying healthy. So, where can you find microbes?
Lesson Objectives. Students will:
• formulate and prepare an inquiry-based investigation.
• grow and study microbial life.
• categorize microbes based on different properties.
• think critically.
• investigate the relationship of everyday products to microorganisms.
• examine the impact of microorganisms on daily life.
• discover that microorganisms have the greatest diversity of all
living organisms.
• e xplain how microorganisms are beneficial to humans and the environment.
• c onnect healthy living habits from living in space to their schools and homes.
www.trainlikeanastronaut.org

Teacher Notes / suggestions for
implementation:
This activity is designed to accompany A Microbial
Box, so completing both activities will give the
students both a research and a laboratory experience.
It is possible to do the activities in different years or
separated by a significant amount of time. Thus, the
student reading sections and background information
are the same as they are appropriate for either activity.
To help your discussion with the students, information
from the activity A Microbial Box can be found here

https://www.stem.org.uk/resources/elibrary/
resource/449253/microbial-box-english.
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Question: what is growing
on your skin, your desk,
the computer keyboards Microbiologists have found that microbes can live just about everywhere, even
on the ISS and your
on us! We have trillions of microbes inside and outside of our bodies. Run your
school?
tongue over your teeth—you are licking thousands of microbes that normally
live on your teeth. Millions of them live on your tongue, too. A large part of the
mass of your body is actually something else: bacteria, viruses, and fungi.

Microbes are in the world around you, too. If you pick up a fistful of garden
soil, you are holding hundreds (if not thousands) of different kinds of microbes
in your hand. A single teaspoon of that soil contains over 1 billion microbes of
bacteria, about 120,000 microbes of fungi and 25,000 microbes of algae.
While on the International Space Station,
astronauts take samples to monitor
microbial growth and ensure a safe and
healthy environment. They take the samples
much like you will do in this activity, and
while in space they sample the air, surfaces,
and water of the ISS.

Microbes have been around for billions of years because they are able to adapt
to the ever-changing environment. They can find a home anywhere, and some
of them live in places where we once thought nothing could survive.

For example, scientists have discovered microbes living in the boiling waters
of hot springs in Yellowstone National Park. Other heat-loving microbes live in
volcanic cracks—miles under the ocean surface, where there is no light and
the water is a mixture of poisonous chemicals. Other microbes live in the permanently frozen ice of Antarctica.
Microbes have also been found living inside the stones that make up the walls of old cathedrals in Europe.

Microbes can even survive
in space. On April 20, 1967,
the unmanned lunar lander
Surveyor 3 landed near Oceanus
Procellarum on the surface of the
Moon. One of the onboard items
included a television camera.
Two-and-a-half years later, on
November 20, 1969, Apollo 12
astronauts Pete Conrad and Alan
Figure 2: Television camera
Figure 3: Bacteria found on the television camera of Surveyor 3.
from Surveyor 3.
L. Bean recovered the camera.
When NASA scientists examined
it back on Earth, they were surprised to find some bacteria called Streptococcus mitis were still alive. Because
of the precautions the astronauts had taken, NASA was sure that the germs found inside the camera had been
in the camera since before Surveyor 3 launched to space. These bacteria had
survived for 31 months in the vacuum of the Moon’s atmosphere. They may
have frozen or dried inside the camera, which are two ways normal bacteria
can enter a state of deep sleep.
Some scientists even believe there is a possibility that bacteria may have once
lived on Mars. The photograph below (taken through a microscope) shows
what some scientists believe may be the fossils of tiny bacteria in a rock that
formed on Mars about 4.5 billion years ago. The rock crash-landed on Earth as Figure 4: Close-up of bacteria that survived
a meteorite thousands of years ago.
for almost 3 years on the moon.
www.trainlikeanastronaut.org
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Problem: Can I observe life around me that cannot be seen?
SAFETY!!
• Remind students about the importance of classroom and lab
safety.
• Students should wear eye and hand protection during this
activity.
• Safety Data Sheets (SDS) are required for part 2 of this activity.
http://www.3m.com/3M/en_US/company-us/SDS-search/
https://www.osha.gov/dsg/hazcom/ghs.html#4.8
• If a chemical spill occurs, have the students move quickly from the site.
Wash off chemicals that have splashed onto the skin or clothing for 15
minutes using large amounts of water in the safety shower, eye/face wash
station, or sink.
• This activity requires proper clean up.

Part 1 - Explore
Observing life around us that is too small to be seen!

Teacher Notes / suggestions
for student engagement:
To help with the student
engage section, ask some
questions such as: If you
can’t see something, how
do you know it exists? If you
drop a piece of candy on the
gym floor, would you still eat
it? What are some cleaning
products you use at home?
What are some ways to clean
a wound if you get a cut in
your skin? What are some
ways to prevent getting sick?
Which surfaces in the school
do they think might have the
most bacteria and microbial
growth?

SAFETY SECTION
Remind students about the importance of classroom and lab safety.
• Students should wear eye and hand protection during this
activity.
• Safety Data Sheets (SDS) are required for part 2 of this activity. Examples of SDS can be found here:
http://www.3m.com/3M/en_US/company-us/SDS-search/
https://www.osha.gov/dsg/hazcom/ghs.html#4.8
• If a chemical spill occurs, have the students move quickly from the site. Wash off chemicals that
have splashed onto the skin or clothing for 15 minutes using large amounts of water in the safety
shower, eye/face wash station, or sink.
• This activity requires proper clean up.
Pre-lesson Preparation:
Students should work in groups of four. Group size can be adapted for your needs. Students can complete the
Analysis Sheet (Appendix A) together or individually.
Materials:
Per class
• Clear adhesive tape
• Thermometer
• Small desk lamp or light (15–60 watt)
• Small container (such as medicine cup or cough syrup container)
• Anti-bacterial soap
• Incubator, using a hard-sided cooler OR a 10-gallon glass aquarium
with heavy weight plastic (laminating plastic) and packing tape (See
how to make a classroom incubator and determine other needed
materials in Part 2’s pre-lesson instructions section and in Appendix B)

www.trainlikeanastronaut.org

Per group of 4
• 2 plastic cups
• ½-cup distilled water
• 2 permanent markers
• ½-cup weak bleach
solution
• One 1-gallon zipper seal
bag (to use at 48-hour
observation period)
• Color pencils

Per student
• 1 Petri dish
(with nutrient agar)
• 1 hand lens
• 1 cotton swab
• Eye protection
• Hand protection
• Copy of What's in your
Petri? Student Section
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BEFORE
LAUNCH

At least three days prior to the activity
• Purchase Petri dishes
– It is important to use an agar formulation that does not preferentially grow one
kind of bacteria over another. Although other agar formulations might work,
it is recommended that you purchase nutrient agar for this activity as it has
more nutrients and will grow the widest range of bacteria. You can purchase
nutrient agar from any science supply and material company.
– Prepared Petri dishes should be refrigerated until used and always stored
upside down. (i.e., media in upper dish and cover on the bottom). This keeps
condensation which forms in the lid from dropping onto (and disrupting) the E.coli cultures in Petri dishes. NASA
launched E.coli in the first GeneSat on
microbe growing surface.
Nov. 13, 2006. (Image Credit: NASA)

• Construct an incubator (See Appendix B for images of incubators.)
An incubator is a warm cabinet where you can set the temperature for proper microbe growth to about 35 ºC, or
normal body temperature (98.6 ºF). The hard-sided cooler incubator is recommended because it is easy to setup and easy to regulate temperature.
– If using a hard-sided cooler:
n Place a small desk lamp inside a hard-sided cooler, letting the cord come out the top under the cooler lid
(see Appendix B, Image 1).
It is recommended not to use a halogen lamp. Halogen lamps get hotter than regular, incandescent
: 
lamps. Because the halogen lamp operates at very high temperatures, it can pose fire and burn
hazards.
Try different bulbs (15–25 watts) until you find one that gives you the temperature you need for your
: 
incubator.
n Place a thermometer (0–100 ºC) inside the cooler.
n Close the lid, leaving a small opening for air flow.
– If using an aquarium:
n You

will need a 10-gallon aquarium. (It does not need to be watertight.)
n Turn

the aquarium so that the opening faces the front instead of the top (see Appendix B, Images 2 and 3).
n Cut

a heavy-weight plastic (such as laminating film) slightly wider than the aquarium opening and about
two inches longer than the height of the opening.
n Tape

the plastic to the top of the aquarium, so that the plastic falls over the opening at the front. This is
the “door”.
n Place

a small desk lamp in the aquarium, letting the cord come out the front under the plastic covering.
It is recommended not to use a halogen lamp. Halogen lamps get hotter than regular, incandescent
: 
lamps. Because the halogen lamp operates at very high temperatures, it can pose fire and burn
hazards.
Try different bulbs (15–25 watts) until you find one that gives you the temperature you need for your
: 
incubator (see box below).
n Place

a thermometer (0–100 ºC) in the aquarium so that you can read it without opening the plastic “door”.
n Cover

the top and back of the aquarium with aluminum foil.
– If a hard-sided cooler or aquarium is not available, here is an
Teacher notes: For whichever option you
alternative option. Find a warm place behind your refrigerator,
next to the radiator, or inside an oven that is off (with the inside choose, prepare your incubator in advance
and use a thermometer to test it a day before
light turned on). Please be aware that if using this method, it
starting your investigation. Temperature
may take longer than 48 hours to see microbe growth.
should be between 35–39 ºC (98–100 ºF).
www.trainlikeanastronaut.org
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BEFORE
LAUNCH

LAUNCH
BEFORE
LAUNCH

BEFORE
LAUNCH

BEFORE
LAUNCH

The day prior to the activity:
• Make enough dishes for each group to have four labelled Petri dishes and label
them. (See the image to the right of a labelled Petri dish.)
– Using a permanent marker, divide the Petri dish into two sections by marking a
line on the outside of the bottom of the dish.
– Label one side of the lid with “E” for experimental.
– Label the other side with “C” for control.
The day of the activity:
• With a permanent marker, label two plastic cups per group as follows:
Labeled petri dish for What's in your
– WATER
Petri 1. Courtesy NASA JSC HREC.
– BLEACH
• To prepare the cup labeled WATER:
– Make sterilized water by boiling distilled water and letting cool to room temperature.
– Partially fill the cup with the sterilized water (one per group for each class).
– Place cotton swabs in the plastic cup (one cotton swab per student).
• To prepare the cup labelled BLEACH:
– Make a weak bleach solution by mixing one part bleach with three parts water.
– Fill half of the cup with this bleach solution. (Use this cup for disposing of used cotton swabs.)

Procedures:
Microbial Life (taken from the What’s in your Petri? Student Section)
Before beginning, give each group one plastic cup containing cotton swabs in distilled water and one plastic cup
containing the weak bleach solution.
Make a list of places and items that microbes live in. Which of these places or items may also be on a spaceflight
mission?
Have the students discuss (as a class) the places or items in their environment that contain microbes which might
also appear on a spaceflight mission.
Before beginning the activity, students should fill out the sections for the KWHL chart for “WHAT THEY KNOW”
and “WHAT THEY WANT TO KNOW”. They can use the data from the A Microbial Box activity
(http://trainlikeanastronaut.org/mission-data) to assist them.
Direct the discussion towards items that can be swabbed by the students such as:
• Floors
• Trash cans
• Bottom of shoes
• Bathrooms
• Coins
• Sinks
• Erasers
• Insects (an insect can walk across the dish, e.g., a pill bug)
www.trainlikeanastronaut.org
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Do not allow students to swab any part of the body such as lips, fingers, mouth, etc. for this
activity.
1. With your group, decide what places or items to use to swab the Petri dish. Make sure your teacher
approves them.
2. Record the places or items your group will test on your Microbial Life Analysis Sheet (Appendix A).
(Use one Microbial Life Analysis Sheet per place or item tested.)
3. Put on your eye and hand protection.
Teacher notes: Stress the importance of keeping eye and hand protection on during this section of the
lesson. The hand protection is to ensure that students do not transfer microorganisms from their hands to the
item. In addition, safety procedures should be followed to ensure that whatever organisms are swabbed does
not affect the health of the student.
4. Watch as your teacher models the correct procedure to swab the Petri dish without tearing the agar surface.
Swab the Petri dish by gently rubbing the sterile cotton swab on the experimental side “E” without tearing the
agar surface.
Teacher notes: Discuss the control side of the Petri dish with your students. Explain why this side is left
untouched: The control side is needed to make the experimental results valid. Leaving the control side untouched
allows the student to view the growth difference between the swabbed side (with microbes) and the unswabbed
side (without microbes). The two groups are kept in identical conditions and observed in the same way.
5. Without tearing the agar surface, very gently rub the swab over the agar onto the experimental side “E” in a few
strokes, and replace the lid to the dish. (Each student from the group should collect bacteria from their selected
place or item using a swab. Each student will test a different item.)
6. Dispose of the used cotton swabs in the cup of bleach solution.
7. With a permanent marker, label the edge of your Petri dish with your name and the name of the item to be tested.
Teacher notes: It’s important for students to label each dish so they know the source of
the bacteria. When labelling, students should use the edges and the control side, “C”. This
makes it easier to view the culture on the experimental side, “E”. (See image to the right of
a labeled Petri dish.)
8. To help prevent condensation from dropping onto and disrupting the microbe growing surface, place the Petri
dish upside-down in the incubator.
9. Place a thermometer inside the incubator to monitor the temperature. To encourage culture growth in the
incubator, the environmental temperature should be between 35°–39 °C (98–100 ºF).
10. Place the small container (such as a medicine or cough syrup cup) with water in the incubator to keep the
environment moist and to prevent the agar from drying. Be careful not to spill water inside the incubator.
Excess water could cause a short circuit with the lamp.
11. Wash your hands with anti-bacterial soap and water.
12. Predict what will happen in 24–48 hours, and record your predictions on the Microbial Life Analysis Sheet.
Include physical properties such as shape, color, etc. Discuss predicted physical properties (i.e., shape, color,
etc.) with students and ensure these properties are included in their recorded predictions. Prior to students
recording their observations, explain and discuss the Microbial Life Analysis Sheet. Make sure students
understand the words “translucent” and “sketch”.
www.trainlikeanastronaut.org
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SUGGESTED PLACE TO PAUSE ACTIVITY TO LET MICROBES GROW –
RESUME AT 24 AND 48 HOURS
Students should observe the Petri dishes at 24 and 48 hours.
After two days (or when the cultures are ready for observations), tape the Petri dishes shut, sealing around the
outside edges using the following procedure. This will prevent students from opening a Petri dish with microbial
growth. Additional suggestions:
• Close the Petri dish, making sure it is tightly shut.
• Using clear adhesive tape, center the tape on the two sides of the edge of the dish.
• Tape the outside of the dish all the way around.
Teacher notes: Upon removal and observation, make sure students DO NOT turn the Petri dish right side
up; otherwise condensation will leak out (see Appendix B, Image 4).
13. Put on your eye and hand protection.
14. With your group, use hand lenses to make observations and record data on the culture-tested bacteria from
your selected place or item containing microbes.
Important! Do not open cultures!
 ou should see growth within a couple of days. The dishes might start to smell,
Y
which means the bacteria are growing.
15. Record your observations by making sketches using colored pencils on your Microbial Life Analysis Sheet.
16. As a group, present your data to the class.
Teacher notes: As groups, have students present their data or write their data on chart paper. You can also
make a transparency of a blank Microbial Life Analysis Sheet so that the information can be viewed by the
whole class. This information will be important when answering the study data questions. If available, you may
also consider using a document camera to view the Petri dishes with microbial growth.
17. If completing the 24-hour observation, allow your teacher to return the Petri dishes to the incubator.
Put on hand protection. Keeping petri dishes with lids facing down, remove the tape from each petri dish
and gently replace back into incubator.
If completing the 48-hour observation, properly dispose of the bacterial cultures.
• Place the Petri dishes inside your group’s zipper seal bag and close securely.
• Give the sealed bag to your teacher.
Put on hand protection. For each zipper sealed bag: remove tape from the outside of each Petri dish, but
make sure each Petri dish is opened inside the bag. Add one tablespoon of household bleach to the bag.
Make sure bleach goes inside each Petri dish to kill the microbes. Dispose of the Petri dishes.
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Explain:
When students have completed their observations, ask them to study their data and answer the following
questions.
1. How is the control side of your Petri dish used? [The control side is to give a baseline for any microbial growth
that is independent, or not part, of the experiment.]

2. What is an incubator? [An incubator is something that creates a controlled environment to grow microbes.]

3. How did you choose your sample? [Answers will vary]

4. Does the sample growth lead you to believe that there are few or many microbes in your environment? Why?
[Answers will vary]

Evaluate:
Have the students update the HOW DID YOU FIND OUT and LEARNED columns in your KWHL chart and then
answer the following questions:
1. Restate your hypothesis. [Answers will vary]
2. Explain how the results do, or do not, support your hypothesis. [Answers will vary, but make sure the answers
refer to the students’ hypothesis. It is acceptable to have the results not support the hypothesis, but not
acceptable for them to change the hypothesis at this stage to match the results. It is better to explain why the
results are different than what they expected.]
3. Microbes are too small to see without a microscope. How did you observe and measure microbe growth
without seeing each microbe? [Answers will vary, but most likely will relate to not being able to see single
microbes, rather seeing many of them.]
4. What was the purpose of using light bulbs to grow the microbes? [The light bulbs increased the temperature to
provide optimal temperature.]
5. Where else do you think you would be able to find a large amount of microbes? [Answers will vary]

Elaborate:
1. How can you observe life around you that cannot be seen? [Using tools such as microscopes or telescopes, or
letting things grow until they are big enough to see.]

2. D
 oes your data support your hypothesis? Why or why not? Compare your data with your class. [Answers will vary]
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3. As a group, develop a plan as to how you help maintain a clean and microbe-free school. How could you do
this at home? [Answers will vary]
4. Imagine you are a microbiologist concerned about astronaut safety. Please make recommendations to NASA to
reduce the microbial level aboard spaceflight missions. [Answers will vary]

Extend:
1. A company makes cleaning supplies and has asked your group for advice. They would like to investigate which
surface might be the most important to clean. Which surface in your school would you suggest they use to test
their cleaning supplies? [Answers will vary]
2. Read the “Did you know?” graphic. Why do you think astronauts have their bodies wiped with rubbing alcohol
before they fly to the space station? [Answers will vary]
3. Astronauts are kept away from other people for a week before launching into space. How does this keep them
from getting sick in space? [Answers will vary]
4. Look at your data again. Where on the ISS would you expect more microbes to be found? Where would you
expect the least amount of microbes? [Answers will vary]
5. Pick one of your petri dishes and create a diary or story from the perspective of the microbes inside. For
example, if you were one of the microbes in the petri dish, what would be your life story? [Answers will vary]

Educator resources
Useful Websites for Further Information
Microbes living on the ISS before humans ever lived there
http://science.nasa.gov/science-news/science-at-nasa/2000/ast26nov_1/
Preventing “Sick” spaceships
http://science.nasa.gov/science-news/science-at-nasa/2007/11may_locad3/
To read more about the ISS Environmental Control and Life Support System
http://www.nasa.gov/sites/default/files/104840main_eclss.pdf
To learn more about microbes and health
https://www.niaid.nih.gov/topics/microbes/Documents/microbesbook.pdf
NASA eClips about life on other planets
http://www.nasa.gov/audience/foreducators/nasaeclips/search.html?terms=&category=1000
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SCIENTIFIC INVESTIGATION RUBRIC
Experiment: WHAT'S IN YOUR PETRI?
Student Name

Date

Performance Indicator

0

1

2

3

4

Developed a clear and complete
hypothesis.
Followed all lab safety rules and
directions.
Followed the scientific method.
Recorded all data and drew a
conclusion based on the data.
Asked engaging questions related to
the study.
Made recommendations to NASA for
reducing the microbial level onboard
spaceflight missions.
Point Total
4 = Excellent/Complete/Always follows directions/Organized
3 = Good/Almost complete/Almost always follows directions/Usually organized
2 = Average/About half done/Sometimes follows directions/Sometimes organized
1= Poor/Incomplete/Rarely follows directions/Disorganized
0 = No work/Didn’t follow directions/Interfered with work of others

Point total from above:

Grade for this investigation:
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/ (24 possible)

Grading Scale:
A = 22–24 points
B = 19–21 points
C = 16–18 points
D = 13–15 points
F = 0–12 points
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Appendix A - Sample of Microbial Life Analysis Sheet from Student Section.
PART 2: Microbial Life Analysis Sheet - sample
Write a description of the
bacterial culture
Date:

Sketch the bacterial culture
(Use colored pencils when appropriate)
Object tested:

Time:
Temperature:

Group Members:

Shape and color:
Translucent:
Other:
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Appendix B - Homemade Incubator Designs and Petri Dish Labelling

Image 1: Incubator made from a hard-side cooler.

Image 2: Incubator made from a 10-gallon aquarium with closed
plastic cover.

Image 3: Incubator made from a 10-gallon aquarium with
open plastic cover.

Image 4: Labeled petri dish for
What's

in

your

Petri,

courtesy NASA JSC HREC.
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Mission X: Train Like an Astronaut

Did you know?
“Less-known astronaut fact: before launch
in the Russian Soyuz, our bodies are wiped with
rubbing alcohol to kill fungus”

What's in your Petri

– Commander Chris Hadfield,
who flew to space three times

Student Section
Problem: Can I observe life around me that cannot be seen?

?

Engage:
Which do you think has more bacteria or fungus on it, a student
desk in a classroom or the door handles to the front door of a
school? Which surfaces in your school do you think have the
most microbes? Can you imagine all the microbes floating around
your school or the International Space Station?

In this activity, your group will sample, grow, and investigate the microorganisms
around us. If your class completes the introductory part 1 of this activity, “A
Microbial Box”, your group will research and study different types of microbes
and discuss which ones are in space.

Explore
How can I observe life that is too small to be seen?
Safety: Classroom and lab safety is important!
• Everyone should wear eye and hand protection during this activity.
• Materials Safety Data Sheets (MSDS) are required for part 2 of this activity.
http://www.msdssearch.com/msdssearch.htm.
• If a chemical spill occurs, move quickly from the site. Wash off chemicals that have splashed onto
the skin or clothing for 15 minutes using large amounts of water in the safety shower, eye/face
wash station, or sink.
• This activity requires proper clean up.
Materials needed Per Group of 4
• 2 plastic cups
• ½-cup distilled water
• 2 permanent markers
• ½-cup weak bleach solution
• One 1-gallon zipper seal bag (to use at
48-hour observation period)
• Color pencils
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Materials Needed Per Student
• 1 Petri dish (with nutrient agar)
• 1 hand lens
• 1 cotton swab
• Eye protection
• Hand protection
• Copy of What’s in your Petri? Student
Section (distributed in Part 1)
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Procedures
Microbial Life
Use the first column of this KWHL chart to organize what you already know about microbial growth. Brainstorm
with your group what you want to know about microbial growth, then list in the second column of this KWHL
chart. Later you will fill in how you found out and what you learned.
KNOW

WANT TO KNOW

HOW DID YOU FIND OUT

LEARNED

Hypothesis:
Based on your observations, answer the “problem question” with your best guess about what will happen. (How
can I observe life around me that cannot be seen?) Your hypothesis should be written as a statement.
My hypothesis: ____________________________________________________________________________________
_________________________________________________________________________________________________
1. With your group, decide what places or items to use to swab the Petri dish. Make sure your teacher approves them.
2. Record the places or items your group will test on your Microbial Life Analysis Sheet. (Use one Microbial Life
Analysis Sheet per place or item tested.)
3. Put on your eye and hand protection.
4. Watch as your teacher models the correct procedure to swab the Petri dish without tearing the agar surface.
5. Without tearing the agar surface, very gently rub the swab over the agar onto the experimental side “E” in a few
strokes, and replace the lid to the dish. (Each student from the group should collect bacteria from their selected
place or item using a swab. Each student will test a different item.)
6. Dispose of the used cotton swabs in the cup of bleach solution.
7. W
 ith a permanent marker, label the edge of your Petri dish with your name and the name of the item to be tested.
8. To help prevent condensation from dropping onto and disrupting the microbe growing surface, place the Petri
dish upside-down in the incubator.
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9. Place a thermometer inside the incubator to monitor the temperature. To encourage culture growth in the
incubator, the environmental temperature should be between 35°–39°C (98–100ºF).
10. Place a medicine cup with water in the incubator to keep the environment moist and to prevent the agar from
drying.
11. Wash your hands with anti-bacterial soap and water.
12. Predict what will happen in 24–48 hours, and record your predictions on the Microbial Life Analysis Sheet.
Include physical properties such as shape, color, etc.
13. Put on your eye and hand protection.
14. With your group, use hand lenses to make observations, and record data on the culture-tested bacteria from
your selected place or item containing microbes.
Important! Do not open cultures!

Note: You should see growth within a couple of days. The dishes might start to smell,
which means the bacteria are growing.
15. Record your observations by making sketches using colored pencils on your Microbial Life Analysis Sheet.
16. As a group, present your data to the class.
17. If completing the 24-hour observation, allow your teacher to return the Petri dishes to the incubator.
If completing the 48-hour observation, properly dispose of the bacterial cultures.
• Place the Petri dishes inside your group’s zipper seal bag and close securely.
• Give the sealed bag to your teacher.
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Microbial Life Analysis Sheet
Write a description of the
bacterial culture
Date:

Sketch the bacterial culture
(Use colored pencils when appropriate)
Object tested:

Time:
Temperature:

Group Members:

Shape and color:
Translucent:
Other:

Date:

Object tested:

Time:
Temperature:

Group Members:

Shape and color:
Translucent:
Other:

Date:

Object tested:

Time:
Temperature:

Group Members:

Shape and color:
Translucent:
Other:

Date:

Object tested:

Time:
Temperature:

Group Members:

Shape and color:
Translucent:
Other:
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Student reading section:
Microbes live everywhere! While many microbes on Earth are harmless, and can even be helpful to humans, some
microbes can be unsafe.
Microbes belong to a group all by themselves because they are neither plants nor animals. Because they can
multiply extremely quickly, it is normal to find millions of them in the same location.
Some microbes or “germs”, such as bacteria and mold, can grow on food,
dirty clothes, and garbage that people produce. Microbes live on your
skin, in your mouth, nose, hair, and inside your body.
Microbes can also be found aboard the International Space Station (ISS).
NASA scientists have reported that some germs on the ISS can increase
to a higher number than they do on Earth. Therefore, cleanliness and
proper disposal of garbage is an important part of living on the ISS.
Figure 1: Inside a mouth where microbes cultivate
Scientists who study microbes are called microbiologists and microbiology
(courtesy of Hardin MD/ University of Iowa and The
is the study of microorganisms or microbes. The root word “micro” comes
Centers for Disease Control and Prevention)

from Greek and means “small”. These microbes are so small that powerful
microscopes are needed to be able to see them. At the Johnson Space
Center in Houston, TX, NASA microbiologists study the small microbes in the air, water, food, and surfaces of
the ISS. Controlling the microbes inside your body is an important part of staying healthy. So, where can you find
microbes?

Microbiologists have found that microbes can live just about everywhere, even on us! We have trillions of microbes
inside and outside of our bodies. Run your tongue over your teeth—you are licking thousands of microbes that
normally live on your teeth. Millions of them live on your tongue, too. A large part of the mass of your body is
actually something else: bacteria, viruses, and fungi.
Microbes are in the world around you, too. If you pick up a fistful of garden soil, you are holding hundreds (if
not thousands) of different kinds of microbes in your hand. A single teaspoon of that soil contains over 1 billion
microbes of bacteria, about 120,000 microbes of fungi and 25,000 microbes of algae.
Microbes have been around for billions of years because they are able
to adapt to the ever-changing environment. They can find a home
anywhere, and some of them live in places where we once thought
nothing could survive.
For example, scientists have discovered microbes living in the boiling
waters of hot springs in Yellowstone National Park. Other heat-loving
microbes live in volcanic cracks—miles under the ocean surface,
where there is no light and the water is a mixture of poisonous
chemicals. Other microbes live in the permanently frozen ice of
Antarctica. Microbes have also been found living inside the stones that
make up the walls of old cathedrals in Europe.
Geyser in Yellowstone National Park.
www.trainlikeanastronaut.org
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Figure 2: Television camera
from Surveyor 3.

Microbes can even survive in
space. On April 20, 1967, the
unmanned lunar lander Surveyor 3
landed near Oceanus Procellarum
on the surface of the Moon. One
of the onboard items included a
television camera. Two-and-a-half
years later, on November 20, 1969,
Apollo 12 astronauts Pete Conrad
and Alan L. Bean recovered the
camera. When NASA scientists
examined it back on Earth, they
Figure 3: Bacteria found on the television camera of Surveyor 3.
were surprised to find some
bacteria called Streptococcus mitis
were still alive. Because of the precautions the astronauts had taken, NASA
could be sure that the germs were inside the camera when it was retrieved,
so they must have been in the camera before the Surveyor 3 was launched.
These bacteria had survived for 31 months in the vacuum of the Moon’s
atmosphere. They may have frozen or dried inside the camera, which are two
ways normal bacteria can enter a state of deep sleep.

Figure 4: Close-up of bacteria that survived
for almost 3 years on the moon.

Some scientists even believe there is a possibility that bacteria may have once
lived on Mars. The photograph below (taken through a microscope) shows
what some scientists believe may be the fossils of tiny bacteria in a rock that
formed on Mars about 4.5 billion years ago. The rock crash-landed on Earth
as a meteorite thousands of years ago.

Explain
When you have completed your observations, study your data and answer the following questions.
1. How is the control side of your Petri dish used?

2. What is an incubator?

3. How did you choose your sample?

4. Does the sample growth lead you to believe that there are few or many microbes in your environment? Why?
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Evaluate:
Update the HOW DID YOU FIND OUT and LEARNED columns in your KWHL chart. Then answer the following
questions:
1. Restate your hypothesis

2. Explain how your results do, or do not, support your hypothesis.

3. Microbes are too small to see without a microscope. How did you observe and measure microbe growth
without seeing each microbe?

4. What was the purpose of using light bulbs to grow the microbes?

5. Where else do you think you would be able to find a large amount of microbes?

Elaborate
1. How can you observe life around you that cannot be seen?

2. Does your data support your hypothesis? Why or why not? Compare your data with your class.

3. As a group, develop a plan as to how you help maintain a clean and microbe-free school. How could you do
this at home?

4. Imagine you are a microbiologist concerned about astronaut safety. What would be your top three
recommendations to NASA to reduce the microbial level aboard spaceflight missions?
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Extend
1. A company makes cleaning supplies and has asked your group for advice. They would like to investigate which
surface might be the most important to clean. Which surface in your school would you suggest they use to test
their cleaning supplies?
2. Read the “Did you know?” graphic. Why do you think astronauts have their bodies wiped with rubbing alcohol
before they fly to the space station?
3. Astronauts are kept away from other people for a week before launching into space. How does this keep them
from getting sick in space?
4. Look at your data again. Where on the ISS would you expect more microbes to be found? Where would you
expect the least amount of microbes?
5. Pick one of your petri dishes and create a diary or story from the perspective of the microbes inside. For
example, if you were one of the microbes in the petri dish, what would be your life story?
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Thank you to our Contributors:
Thanks to subject matter experts Dr. Cherie Oubre, Rebekah Bruce, and Dr. Mark Ott for their contributions to
the development of this education material. These scientists work in the Microbiology Laboratory at the NASA
Johnson Space Center (JSC) in Houston, Texas.

Are you interested in working with microbes that are too small to see, yet are critical in the health and well-being of
others? You, too, can continue to study microbiology and maybe one day you can work in the NASA Microbiology
Laboratory with the highly skilled interdisciplinary team at the Johnson Space Center!
The Microbiology Laboratory serves as a NASA-wide resource for microbial issues associated with living and
working in closed environments specializing in spaceflight operations, including requirements development,
environmental monitoring (including enumeration, microbial characterization and identification), potable water
analysis, crew diagnostics, food analysis, crew training, biosafety review of payloads, and flight hardware and
technology development. When a microbe is sampled on the ISS, chances are very good that the JSC Microbiology
Laboratory has already studied it. The wonderful scientists in this lab devote their careers to studying these very
small organisms that are too small to see, but are necessary to maintain a healthy life in space as well as on Earth.
This lesson was developed with the support of Sylvia Sáenz, a Bilingual Educator at Tinsley Elementary in Houston
ISD. She has been teaching for nine years and currently works as a 3rd grade bilingual educator.
This lesson was beta-tested with the support of the following teachers: Ellen Hutto has taught 6th, 7th, and
8th grade and has a true passion for space science. She is also the founder and director of Saltgrass Science
Programs. Jami Temple has taught 5th grade and, at the time of this activity being developed, taught math and
science, and spent any spare time she had reading and spending time with her 19-month old son, Travis.
Both teachers were proud to be Ross Roadrunners at James H. Ross Elementary in League City, Texas.
Lesson development by the NASA Johnson Space Center Human Research Program Education Outreach team.
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Train Like an Astronaut:
Adapted Physical Activity Strategies
Mission Control
YOUR MISSION
To improve balance and spatial awareness (one’s understanding of themselves in
relation to objects around them) you will perform throwing and catching techniques at
the same time to maintain balance in challenging situations.

LINK TO SKILLS AND STANDARDS
APENS: 2.01.06.01 Develop and implement programs that stimulate vestibular,
visual, and proprioceptive senses (Perception of movement from within the body.)
APENS: 2.03.06.01 Structure tasks and activities involving the flight of objects to
control for problems in timing that are evident in certain types of disabilities.
Activity Specific Terms/Skills
Balance, coordination, stability, hand-eye coordination, concentration, reaction time

SPACE RELEVANCE
During and after space flight, astronauts have challenges with balance and spatial
awareness. Through astronaut reconditioning, when they return to Earth, they relearn
how to use their eyes, inner ear, and muscles to help control body movement.

WARM-UP & PRACTICE
 ead Bug (lay on the ground and put one arm and opposite leg in the air.
D
Move opposite arms and legs back and forth like a bug)
Bird dog (get on all fours and put one arm in the air and extend your opposite
leg behind you).
Wall walk
Stretch arms, close eyes and touch nose
Holding a table/bar, lift one foot at a time (marching)
Tai Chi movement
Bounce and catching a ball
Balance on one foot for 1 sec., gradually increase time
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Suggested Adapted
Equipment:
B alloon or beach balls
Sand or bean bag or
squish ball
Velcro gloves
Garbage can

Mission Control
LET’S “TRAIN LIKE AN ASTRONAUT!”
Adjust steps and procedures as appropriate for participants

Instructions for individual play:
Bounce a tennis ball off the wall and try to catch it while balancing on one foot.
Raise one foot up behind you, level with your knee.
Count how many seconds you can stand on one foot while throwing the tennis
ball against the wall. Try not to let the ball, or your foot, touch the floor. Try to
balance for at least 30 seconds without falling.
Continue to practice this activity over time until you can keep your balance for
60 seconds without having to start over.
Instructions for group play:
Divide into groups of 6 or more players, and stand to form a circle.
In your circle:Space apart more than arms-length apart.
Try to balance on one foot while gently tossing a gym ball to a player across
from you.
If a player loses balance and both feet touch the floor, he or she should hop on
one foot around the outside of the circle before rejoining the game.
Record observations of this physical experience in your Mission Journal.

TRY THIS! Some ideas for Adapted Activity
Divide into 3 missions (progress from 1 to 2 to 3):
Mission 1: Balance on one foot
Mission 2: Throwing and catching
Mission 3: Put Missions 1 and 2 together

Vary
the size of balls
Velcro gloves (No Miss Mitts)
Use chair, wall or bar to stabilize performer
Throw ball to a target (on the floor, into a garbage can,
on a wall, or Velcro)
Using two hands to bounce or catch a beach ball
Sand or bean bag drop
Individual toss and catch between right and left hand
Individually or in groups, isolate each skill in Mission 2; only throw or
catch a ball
Hold ball and squeeze and release
Teach or review proper falling techniques in case they lose their balance
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MISSION X: MISSION HANDOUT
YOUR MISSION:

Mission: Control!

You will perform throwing and catching techniques on one foot to
improve balance and spatial awareness. You will also record
observations about improvements in balance and spatial awareness
during this physical experience in your Mission Journal.
All people need to have well-developed balance and spatial awareness.
If not, we would all fall over constantly and have trouble walking around
corners. Seeing our surroundings and being able to move around them is
important so we do not bump into things and get hurt.
When you are participating in athletics, especially sports such as dancing,
skateboarding, bowling, diving, and skiing, balance and spatial awareness
are very important. Even jumping on a trampoline or riding a bicycle
requires both!
MISSION QUESTION: How could you perform a physical activity that
would improve balance and spatial awareness?
MISSION ASSIGNMENT:

Balance Training

Practice:
Choose a smooth-surfaced solid wall, approved by an adult for use.
Bounce a tennis ball off the wall and try to catch it while balancing on one foot. Raise your
foot up behind you, level with your knee.
Count how many seconds you can stand on one foot while throwing the tennis ball against
the wall. Try not to let the ball or your foot touch the floor. Try to balance for at least
30 seconds without falling.
Continue to practice this activity over time until you can keep your balance for 60 seconds
without having to start over.
Game:
Divide into groups, each forming a circle. Each circle should contain at least 6 players.
In your circle:
Space a distance more than arms length apart.
Try to balance on one foot while gently tossing a gym ball to a player across from you.
If a player loses balance and both feet touch the floor, he or she must hop on one foot,
around the outside of the circle before rejoining the game.
Record observations before and after this physical experience in your Mission Journal.
Follow these instructions to train like an astronaut.
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English_A5

MISSION: CONTROL!

Spatial Awareness:
Knowing where you
are in your space
compared to your
surroundings.
Agile:
Being ready and able
to move quickly and
easily.
Coordination:
Using your muscles
together to move
your body the way
you want it to.

It’s a Space Fact:
During the first few days of space flight and after returning to Earth,
astronauts experience a change in spatial awareness and may lose some
sense of balance when they return to Earth. Research scientists from
NASA’s Neurosciences Laboratory closely monitor the crew members,
who often report difficulty walking around corners and feeling like they are
“tumbling” when they move their heads from side-to-side. Their brain has
to relearn how to use information from their eyes, tiny balance organs in
their inner ear, and their muscles to help control body movement. These
problems are usually corrected after several weeks have passed and
balance exercises are added to their fitness routine. Until then, they have
to be extra careful; which means they may not be able to do some physical
activities like fly a plane or drive a car.

Fitness Accelerations
Bounce a tennis ball off a wall while balancing on one foot. Do this for
60 seconds. Without taking a break, change legs and balance on the opposite
foot for 60 second. Take a 30 second break and repeat this routine five times.
Conduct the above acceleration while balancing one foot on a small trampoline.

Improving your
balance and
spatial awareness
will make you
more coordinated
and agile. It will
decrease the
chances of being
hurt, or hurting
someone else,
due to a fall.

Think Safety!

Play the Balance Training Game with a partner by balancing one foot on a
small trampoline. If a player looses their balance or drops a ball they should
hop on one foot around both trampolines.
While exploring, astronauts must watch out
for rocks and craters in their paths to avoid tripping!
The area under your feet should be clear of all obstacles.
Stay at least an arms distance from the wall and from others while
doing this activity.
Do not throw the ball too hard, nor use a ball that is too heavy.
Remember that drinking plenty of water is important before, during,
and after physical activities.

Mission Explorations:
While standing still, stand on a soft surface and balance on one foot.
Examples: towel, pillow, or cushion.
Time yourself while trying to balance on two feet with your eyes closed.
Open your eyes if you start to lose your balance.
While practicing simple balance activities, you can also lift one foot
to increase the difficulty.

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

MISSION: CONTROL!
Learning Objectives
Students will
 perform throwing and catching techniques on one foot to improve balance and spatial
awareness.
 record observations about improvements in balance and spatial awareness during this physical
experience in the Mission Journal.

Introduction
On Earth, we use a variety of cues to sense the position of our bodies, while stationary or moving. We
use touch and pressure cues (such as weight on our feet) and visual cues (such as location of ceiling
and floors) to determine orientation. On Earth, our sense of upright is determined by the pull of gravity
as sensed by the balance organs of the inner ear. Our brains integrate all this sensory information to
allow us to detect our body orientation and permit us to move within our environment.
However, in an environment with less gravity, the brain needs to relearn how to use these sensory
signals. In space, astronauts free-float, so there are no pressure cues to the bottom of the feet. Their
visual system can be fooled because there may be no distinct floor or ceiling in a spacecraft. In
addition, information from the balance organs of the inner ear needs to be reinterpreted by the brain so
astronauts can move in weightless or low gravity conditions. As the brain relearns how to interpret
sensory information in space, astronauts sometimes experience disorientation and nausea at least for
the first few days in space.
Even though crew members eventually become adapted to their weightless environment, at some point
they must return to Earth. This requires relearning the cues given on Earth and limiting some physical
activities such as driving a car or flying a plane, until their balance and spatial orientation is restored.
Balance and spatial awareness, along with overall fitness, can be improved by just practicing simple
exercises involving balance and movement. Use the information below to help administer the Fit
Explorer Mission Handout and help your students train like an astronaut.

Administration
Follow the outlined procedure in the Mission: Control! Mission Handout. The duration of this physical
activity can vary, but will average 15 minutes. In order for students to perform at their maximum
potential, positive reinforcement should be used throughout the activity.

Location
This physical activity should be conducted on a flat, dry surface with access to a flat, solid wall, suitable
for rebounding tennis balls.

Set-up
Practice: Students should be at least arms length apart from the wall and each other.
Game:
 Students should be more than arms length apart.
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At least six players per group is optimal.

Equipment



Mission Journal and pencil
Practice
o tennis ball (one per student)
o watch or stopwatch (one per student)



Game: gym ball or similar sized/weighted ball (at least one per group)

For physical activity, students should wear loose-fitting clothing that permits freedom of movement.

Safety







Inform students of the importance of a safe environment when balancing.
If dizziness is experienced, the activity should be stopped.
Provide support for stability (i.e. hand support, back of chair) if necessary.
Proper hydration is important before, during and after any physical activity.
Be aware of the signs of overheating.
A warm-up/stretching and cool-down period is always recommended.
For information regarding warm-up/stretching and cool-down activities, reference the Get Fit
and Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and
Sports at http://wwwpresidentschallenge.org/pdf/getfit.pdf.

Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use descriptors to
verbally communicate their answers.
Use the following open-ended questions before, during and after practicing the physical activity to
help students make observations about their own physical fitness level and their progress in this
physical activity:
 How do you feel?
 How long were you able to balance?
 How hard or easy was it to balance?
 Did it get harder or easier as you practiced? Why?
 Did you ever lose your balance? Why?
 What organs do you use to help you gain your balance?
 What is an ideal setting to practice balancing? What setting is not ideal? Why?
 What might happen if you get really dizzy?
 Which of the following do you think is more difficult? Why?
o One foot vs. two feet on the ground
o Flat foot vs. raised foot
o Head up vs. head tilted back
o Eyes open vs. eyes closed
o Touching nothing with your hands vs. touching the back of a chair
www.trainlikeanastronaut.org
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Standing on a smooth, even surface vs. standing on a rough, uneven surface

Do you think astronauts get dizzy in space?
How come astronauts who stay in space a long time can’t “practice” their balance until they
return to Earth?

Some quantitative data for this physical activity may include:
 Practice
o how many tries it took to balance 60 seconds
o the improvement (in seconds) for each try
 Game: how many times the student was able to pass the ball
Some qualitative data for this physical activity may include:
 technique performance (foot raised behind at least level with knee)
 identifying amount of stability

Collecting and Recording Data
Students should record observations about their physical experience with balance and spatial
awareness in their Mission Journal before and after the physical activity. They should also record their
physical activity goals and enter qualitative data for drawing conclusions.
 Monitor student progress throughout the physical activity by asking open-ended questions.
 Time should be allotted for the students to record observations about their experience in their
Mission Journal before and after the physical activity.
 Graph the data collected in the Mission Journal on the graph paper provided, letting students
interpret the data individually. Share graphs with the group.

Fitness Accelerations
 Bounce a tennis ball off a wall while balancing on one foot. Do this for 60 seconds.
Without taking a break, change legs and balance on the opposite foot for 60 second.
Take a 30 second break and repeat this routine five times.
 Conduct the above acceleration while balancing one foot on a small trampoline. If your
school does not have small trampolines to work with please consider some of the
alternative methods to create a balance challenge.
o Students should use a balance beam by using a 2x4.
o Students should balance on one foot by taking off their shoes.
o Students should balance on the the ball of their foot
 Play the Balance Training Game with a partner by balancing one foot on a small
trampoline. If a player looses their balance or drops a ball they should hop on one foot
around both trampolines. The students will be balancing on one foot on a trampoline
directly across from each other. Stress to the students that while their partner is hopping
around both trampolines, they should continue to balance on their trampoline on one
foot.
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National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies, and
tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and others in
physical activity settings
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or
social interaction.
National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication skills to
enhance health and avoid or reduce health risks.
o 4.5.1. demonstrate effective verbal and non-verbal communication skills to enhance
health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to enhance
health.
o 5.5.4 Predict the potential outcomes of each option when making a health-related
decision.
o 5.5.6 Describe the outcomes of a health-related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
 Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and
avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve
personal health.
 Standard 8: Students will demonstrate the ability to advocate for personal, family and
community health.
o 8.5.1 Express opinions and give accurate information about health issues.

National Initiatives and Other Policies
Supports the Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 and may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.

Resources
For more information about space exploration, visit www.nasa.gov.
To learn about exercise used during past and future space flight missions, visit
http://hacd/jsc.nasa.gov/projects/ecp.cfm.
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Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
For more information on the neurovestibular system, visit:
NASA’s Web of Life
 The Effects of Space Flight on the Human Vestibular System
http://weboflife.nasa.gov/learningResources/vestibularbrief.htm

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program Education and Outreach
team. Special thanks to the subject matter experts who contributed their time and knowledge to this project.

National Aeronautics and Space Administration (NASA) contributors:
David Hoellen, MS, ATC, LAT
Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
Jacob Bloomberg, Ph.D.
Neuroscience Laboratory
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/labs/neurosciences.cfm
Linda H. Loerch, M.S.
Manager, Exercise Countermeasures Project
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/projects/ecp.cfm
President’s Council on Physical Fitness and Sports (PCPFS) contributors:
Thom McKenzie, Ph.D.
President’s Council on Physical Fitness and Sports Science Board Member
Emeritus Professor of Exercise and Nutritional Sciences at San Diego State University
http://www.presidentschallenge.org/advocates/science_board.aspx#Thom
Christine Spain, M.A.
Director, Research, Planning, and Special Projects
President’s Council on Physical Fitness and Sports, Washington, D.C.
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National Aeronautics and Space Administration

Mission X: Mission Handout
YOUR MISSION:

PEAKE LIFTOFF!

You will perform an activity that is designed to promote a combination of
muscular strength, agility, coordination and endurance. This activity blends
together squats, pushups, and jumping in the air, so get ready for Peake Liftoff!
You will comment on your activity during this physical experience in your
Mission Journal.
Being physically active is an important way to keep your muscles strong and
your heart and lungs healthy. To produce the complex motions we need in life, it
is important to work many muscles together. As you move during the day, such
as to and from class at school, your muscles, heart, and lungs benefit. They
get stronger by being worked for long periods of time. Many movements also
require a coordinated effort between the brain and different muscles to perform
complex actions. Muscle flexibility can help reduce risk of injury and activities
from jumping can help strengthen bones. Put it all together in a Peake Liftoff!!!
MISSION QUESTION: How could you perform a series of physical activities
that would improve your lungs and heart, and increase muscular coordination
and endurance?

MISSION ASSIGNMENT:

Building muscular
endurance and coordination
is an important foundation
to making complex
motions. Performing a
series of physical motions
over time increases heart
and lung health while
allowing you to increase
your ability to move yourself
and other objects without
experiencing exhaustion.

Full Body Training

•M
 ove more than an arms-length away from others to make a safe Touchdown
and Liftoff area
• Start in the standing position
•D
 rop to a squatting position, with your hands touching the floor in front of you,
and yell “5”
• Move your feet behind you, to the beginning of a pushup position, and yell “4”
• * *Once in the pushup position, pay attention to your form and keep your back
straight**
• Lower your chest to the floor and yell “3”
• Raise your chest back to the beginning push up position and yell “2”
•S
 lide your feet back under you to a squat with your hands touching the floor and
yell “1”
• Jump high in the air and yell “LIFTOFF!”
• Repeat 10 times, maintaining proper form
Record observations before and after this skill-based experience in your
Mission Journal.

www.trainlikeanastronaut.org
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Strength Training:
Physical activities which
use resistance to increase
muscle and bone strength,
and help improve overall
health and fitness.
Crew (crew members):
People working together on
a common activity or for a
common purpose; a term for
astronauts who share their
mission with each other.

It’s a Space Fact:
There are many reasons astronauts must have strong muscles and bones.
In a reduced gravity environment, muscles and bones can become weak,
so astronauts must engage in strength training to counter the weakening
effect of zero gravity. Also, when working on the ISS and exploring in space,
astronauts have to be fit to perform spacewalks or move objects that are
hundreds of kilograms! How do they do all of that? Before, during, and
after living in space astronauts work closely with exercise specialists to train
hard and keep their muscles and bones strong for exploration missions and
discovery activities. Activities that exercise the whole body are important to
prepare for the challenges involved with living and working in space.

Fitness Accelerations

Repetition:
A motion (such as a bodyweight squat or a push-up)
that is repeated and usually
counted.
Resistance:
An opposing force (through
gravity, weight, including
your own bodyweight or
equipment).
By doing exercises that use
your own body weight, you
can increase the strength
of your muscles and bones.
Lack of physical activity can
increase the chances of injury
because your muscles and
bones may be weak. Even
easy physical tasks might
seem hard!
www.trainlikeanastronaut.org

Think Safety

– Do five burpees and for the last burpee, do a “tuck jump.” Instead of
jumping straight up into the air on “LIFTOFF!” tuck your knees into your
chest as you jump up. Complete three sets of five burpees with a tuck
jump, rest for twenty seconds between each set.
– For this one you will need more space, so make sure you are in a wide open area,
like your backyard or the school gym with your classmate or friend at least ten feet
away from you. You will do one set of eight burpees, adding a lateral (sideways)
jump at the end. Like the tuck jump, instead of jumping straight up into the air, you
will do a different jump, called a lateral jump. When you jump and “LIFTOFF!” from
the ground, jump to the side.

• Astronauts carefully practice proper strength training on Earth so they
can safely strength train in space.
• Make sure there is plenty of room around you to avoid hitting your
crewmates during liftoff!
• It is important to do these activities slowly and correctly to avoid injury.
• Remember that drinking plenty of water is important before, during,
and after physical activities

Mission Explorations:
• Count how many burpees you can properly do in 30 seconds.
• Teach someone else how to do a burpee.
• J ump as high as you can during the burpee and land softly, trying to make
little noise as you land.
•L
 earn how to say, “5, 4, 3, 2, 1 Liftoff!” using another language and perform it
together with others.

2

Mission X: Mission Handout - EDUCATOR SECTION

Your Mission: PEAKE LIFTOFF!
Learning Objectives
Students will:
• perform a series of burpees to improve agility, coordination, as well as
cardiovascular and muscular endurance; and
• record observations and improvements about this experience in the
Mission Journal

Introduction
Are you looking for a series of movements that do not require weights or equipment, yet increase cardiovascular
and muscular strength and endurance? Burpees may be your answer. The burpee is an exercise that has long
been used in different athletic and military training programs because of those same reasons: they can be
done almost anywhere in a fairly small space, they increase cardiovascular output, and they work major muscle
groups without a need for weights or equipment.
When we play sports or engage in physical activity, we are improving our health and demanding our bodies to
work hard. Even simply performing our daily activities such as when walking on Earth or standing while we brush
our teeth, our muscles work to provide support and motion. In space, however, astronauts are floating and have
very small loads on their bodies throughout the day. In fact, without exercise astronauts would lose a significant
amount of muscle and bone density while in space. To counteract these potential losses, astronauts exercise
on the International Space Station (ISS) for about two hours per day. Those two hours is the allotted time for
cardiovascular exercises on the bicycle or treadmill ergometer, as well as strength training, to maintain muscle
and bone. Thus, it is crucial to their health and muscular-skeletal system to exercise in an efficient manner.
To help the astronauts stay healthy and get ready for space travel, space agencies have astronaut trainers to
prepare the astronauts for the rigors of living and working in space. The goal of the astronaut trainers is for
astronauts to return to Earth healthy. In fact, ideally the astronauts would return in as healthy of a state as when
they launched. These experts in training astronauts use a wide variety of exercises and activities to create an
individual plan for each astronaut. Many of the activities the astronauts do to prepare for space travel are similar
to ones we can all do in our schools and homes! One example is the burpee.
Burpees are a good example of a high-intensity exercise that works many parts of the body. Research has found
that high-intensity activities can be more beneficial than lower intensity activities. In fact, a recent study known
as Integrated Resistance and Aerobic Training, or iRAT (http://www.nasa.gov/content/i-sprint-for-exercise-nasairat-study) was funded by NASA’s Human Research Program and found that three days of high intensity training
by astronauts in space - as well as test subjects on Earth – will do more to protect their muscles and bones
compared with six days of exercise at a lower intensity and higher volume.
Basically, the studies showed that shorter duration of high intensity exercise was better than longer duration of
easier exercise. Additionally, cardiovascular function improved by alternating days of high intensity exercise with
www.trainlikeanastronaut.org
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days of continuous, lower intensity, exercise. What does this mean to us on Earth, and what can we share with our
Train Like an Astronaut participants? Every other day, encourage them to increase the intensity of their exercise
and work really hard for a short amount of time. Then, on the other days, they can exercise for a longer time at an
easier level of effort.
Burpees are great activities to do as part of a high intensity workout because they target muscular strength as well
as get the heart pumping. Also, nearly all the muscles in the body are engaged in this whole body exercise. Do the
astronaut trainers suggest astronauts do full-body activities, such as burpees, to prepare for being in space? Yes.
Astronauts are very healthy and most have been fit for many years as they prepared for spaceflight. In fact, ESA
astronaut Tim Peake even did burpees before becoming an astronaut when he served in the military in the UK.
Other astronauts also did burpees growing up as part of training for sports or in physical education in school. The
astronaut trainers will customize the workout prescription for each astronaut based on their needs, and burpees
are included in the menu of possible activities the trainers will prescribe. If you want to Train Like an Astronaut, add
some burpees to your exercise plans. Keep in mind that astronauts don’t do burpees while in space. Why don’t
they? The reduced gravity environment and hardware restrictions of the exercise equipment on the ISS make the
actions of burpees impossible to perform.
Are there other reasons to do some burpees? Well… yes. Astronauts and cosmonauts currently live in space
for six months to a year, and they experience physical changes that have noticeable effects once they return to
Earth’s gravity. These changes include alterations to vision, balance, coordination, blood pressure, and the ability
to walk; all of which impact their ability to perform basic tasks. A mission to Mars, for example, would extend
their time in space even longer and may have additional recovery schedules and challenges. Currently, crews land
on Earth with immediate access to medical assistance and rehabilitation facilities. These medical experts greatly
assist in the recovery and return to pre-flight conditions. Activities such as burpees are far too complex and require
too many coordinated movements for astronauts to perform initially upon return to Earth. However, given some
time, they may be quite useful for astronauts to train aspects of their bodies and brains. Check out this video to
learn more about astronauts and cosmonauts issues upon returning to gravity and the challenges of a trip to Mars
https://www.youtube.com/watch?v=04lrZeQOpNI and to read the story https://www.nasa.gov/content/walk-theline-nasa-studies-physical-performance-after-spaceflight.

Astronaut and Mission X 2015 Ambassador Samantha Cristoforetti is helped out of the Soyuz spacecraft just
minutes after landing from Expedition 43, marking the beginning of her recovery from the effects of living in space.
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Administration
Follow the outlined procedure in the Peake Liftoff Mission Handout. The duration of this physical activity will
average less than 15 minutes. It is important to make sure participants are warmed up and ready for physical
activity. Positive reinforcement should be used and, to recognize the complex nature of this activity, the activity
may best be introduced one step at a time. For steps, watch the video of Tim Peake introducing Peake Liftoff
found here http://trainlikeanastronaut.org/media.
Safety. Make sure the students are spread out and the area is clear. Move more than an arms-length away from
others to make a safe Touchdown and Liftoff area. Remember, before becoming an astronaut, Tim Peake was a
test pilot for helicopters. Just like spinning helicopter rotors, make sure the students don’t collide with each other!

– Start in the standing position
– Drop to a squatting position, with your hands touching the floor in front of you, and yell “5”
– Participants should be careful with their hands if the floor surface is rough.
– Move your feet behind you, to the beginning of a pushup position and yell “4”
– Lower your chest to the floor and yell “3”
– Raise your chest back to the beginning push up position and yell “2”
– Slide your feet back under you to a squat with your hands touching the floor and yell, “1”
– Jump high in the air and yell, “LIFTOFF!”
– Repeat 10 times, maintaining proper form

Location
Because participants will have their hands on the ground as well as jumping into the air, this physical activity is
best performed on a non-slip flat surface such as a gym floor, outside in dry grass, on an athletic track surface.
Make sure the participants are spread out more than arm length apart.

www.trainlikeanastronaut.org
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Equipment
• No special equipment is necessary, although make sure the surface is suitable for the safety and comfort of the
participants.
Safety
• Avoid obstacles, hazards, and uneven surfaces.
• Make sure participants use proper form.
• Ensure ground surface is safe for participants’ hands.
• Students must wear the appropriate clothes and shoes that allow them to move freely and comfortably.
• Proper hydration is important before, during, and after any physical activity.
• Be aware of the signs of overheating.
• A proper warm-up and cool-down period is always recommended.
• For information regarding warm-up and cool-down activities, and general fitness suggestions for schools,
families and communities please reference the President’s Council on Physical Fitness and Sports at http://www.
cdc.gov/healthyschools/physicalactivity/guidelines.htm.
Monitoring/Assessment
• Ask the Mission Question before students begin the physical activity.
• Have students used descriptors to verbally communicate their answers.
• Before beginning, stress the importance of using proper form. Additionally, remember that some participants
may find the complex actions difficult. Therefore, begin with each step and allow proper completion of each step
to be a success. Only then should the movements be completed together.
• Use the following open-ended questions before, during, and after practicing the physical activity to help students
make observations about their own physical fitness level and their progress in this physical activity:
1. How do you feel?
2. Are you getting more tired each time you complete a burpee?
3. Is your form improving or getting worse each time you perform a burpee?
4. How do you know you are getting better?
5. What do you think would be more difficult for an astronaut: completing a burpee right after returning from
space on a 2-day mission or a six-month mission? Why? An astronaut working in space for a six-month
mission will have a more difficult time completing the agility course when they return to Earth. During longer
missions, an astronaut’s body has been exposed to the microgravity environment for a longer period of time.
Because of this, the body will take longer to adapt to the Earth environment. Astronaut trainers are experts at
working with the astronauts before, during, and after they fly to space in order to for them to remain as healthy
as possible.
6. Do you think an astronaut could successfully complete a burpee the day they landed from a 6-month
mission? A week later? A month later? Humans respond to changes in gravity slightly different from each
other. Generally, a week or so after returning from a six month mission space, an astronaut would likely be
able to partially complete a burpee with limited success. As time goes on their performance will improve. The
astronaut’s body will become better adapted to Earth’s environment each day they are back on Earth. The
astronaut will begin to perform as they did before spaceflight and in some cases even better then when they
went into space. Being healthy and fit upon their return to Earth will help the astronaut regain their strength
and agility faster.
Collect, Record, and Analyze Data
Students should record observations about their physical experience in skill with movement, coordination, and
form in their Mission Journal before and after the physical activity. They should also record their physical activity
goals and enter qualitative data for drawing conclusions.
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• Monitor student progress throughout the physical activity by asking open-ended questions.
• Time should be allotted for the students to record observations about their experience in their Mission Journal
before and after the physical activity.
• Students can record how many burpees they can do in a 60 second time period. To encourage proper form and
help prevent injury, only count the burpees done with proper form.
Students should practice the Mission Handout physical activity several times before progressing or trying the
related Fitness Acceleration and Mission Explorations.
Fitness Acceleration
• Try having the students learn the countdown steps in other languages.
• Do five burpees and for the last burpee, do a “tuck jump.” Instead of jumping straight up into the air on
“LIFTOFF!” tuck your knees into your chest as you jump up. Complete three sets of five burpees with a tuck
jump, rest for twenty seconds between each set.
• Do one set of eight burpees, adding a lateral (sideways) jump at the end. For this one you will need more space,
so make sure you are in a wide open area, like your backyard or the school gym with your classmate or friend at
least ten feet away from you. Like the tuck jump, instead of jumping straight up into the air, you will do a different
jump, called a lateral jump. When you LIFTOFF! the ground, jump to the side instead of straight into the air.
Repeat the burpee with a lateral jump eight times.
• Increase the strength training and perform several pushups before you rocket back into the air!
Mission Explorations
• Teach your parents how to do a burpee and try it together before dinner. When preparing for a mission,
astronauts train and prepare for hours every day. Exercising outside of the classroom gives you more time to
train like an astronaut!
• Think of your own variation for the “BLASTOFF!” jump, like a leg split. *Remember to stay safe and ask a parent,
guardian or educator before trying it.*
National PE standards:
SHAPE America Physical Education, Grade Level Outcomes
S1.E8 Demonstrates competency in a variety of motor skills and movement patterns. Weight Transfer
Example Grade 4: Transfers weight from feet to hands, varying speed and using large extensions.
S2.E2 Applies knowledge of concepts, principles, strategies, and tactics related to movement and
performance. Pathways and Levels.
Example Grade 5: Combines spatial concepts with locomotor movements for small groups in gymnastics, dance,
and games environments.
Resources
For more information about space exploration, visit www.nasa.gov.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html
NASA Connect™ The Right Ration of Rest: Proportional Reasoning:
http://www.knowitall.org/nasa/connect/index.html
www.trainlikeanastronaut.org
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NASA Connect™ Better Health From Space to Earth
http://www.knowitall.org/nasa/connect/index.html
To learn more about astronauts and cosmonauts issues upon returning to gravity and the challenges of
a trip to Mars:
https://www.youtube.com/watch?v=04lrZeQOpNI and to read the story https://www.nasa.gov/content/walkthe-line-nasa-studies-physical-performance-after-spaceflight
For guidelines to prevent heat-related illnesses:
American College of Sports Medicine (ACSM) Exertional Health Illness during Training and Competition http://
www.acsm-msse.org/pt/pt-core/template-journal/msse/media/0307.pdf
Centers for Disease Control and Prevention (CDC) Extreme Heat: A Prevention Guide to Promote Your
Personal Health and Safety http://www.bt.cdc.gov/disasters/extremeheat/heat_guide.asp
Credits and Career Links
ESA Principia mission page: http://www.esa.int/Our_Activities/Human_Spaceflight/Principia
How to become an ESA Astronaut (for gronw-ups): http://www.esa.int/Our_Activities/Human_Spaceflight/
Astronauts/How_to_become_an_astronaut
How to become an ESA Astronaut (for kids):
http://www.esa.int/esaKIDSen/SEM6TIWJD1E_LifeinSpace_0.html
Exercise in space (for kids):
http://www.esa.int/esaKIDSen/SEM1CO6TLPG_LifeinSpace_0.html
ESA ineractive brochure GETTING READY FOR SPACE : http://esamultimedia.esa.int/multimedia/publications/
Getting_ready_for_space_EN/
The Challenges of Astronaut Training: http://www.esa.int/Our_Activities/Human_Spaceflight/Astronauts/
The_challenges_of_astronaut_training
ESAs Career Portal: http://www.esa.int/About_Us/Careers_at_ESA
Contributors
A special thank you to ESA Astronaut Tim Peake and ESA Exercise Specialist Patrick Jaekel for their contributions,
support, and expertise in the development of this activity.
This activity was also developed with the assistance of educators Tim Vigorito and June Kelly. At the time of
publication, Tim was an educator from Height’s Elementary School in Sharon, Massachusetts in the USA and June
was an educator at the Temple Primary School in Manchester, England in the United Kingdom.
We value the experience and knowledge of our educators, astronauts and trainers, and it is only with their
assistance that such activities are of high quality for students around the world. Thank you to Tim, June,
Tim and Patrick.
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MISSION X MISSION HANDOUT
An ESA Mission X - Train Like an Astronaut Mission Handout

YOUR MISSION:

Planet You Go, Gravity You Find

Mass is the amount of matter an object is made of. It is always the same, but its
weight changes depending where or on which planet it is. You will perform the
same exercise with balls of different weights, as if you were in different gravitational
conditions. You will play with medicine balls to strengthen your arm and torso
muscles and improve your coordination. As a space explorer of the future, you will
be prepared to deal with different gravity environments in our galaxy! You will
record observations about improvements in this training in your Mission Journal.
Strong abdominal and back muscles, or core muscles, protect your spine,
maintain proper posture, and transfer energy through your body for powerful
movements such as swinging and throwing. These muscles are engaged as
you sit, turn your body, or even just stand still. Strong arm muscles allow you
to lift weights easily, without feeling pain and are useful in most sports.

MISSION QUESTION:

How can you perform a physical activity that will improve your coordination,
core and arm muscles?

MISSION ASSIGNMENT:

Medicine Ball Training

To perform the exercise, you will need to be in a gym equipped with:
3 balls (medicine, etc.) with dif ferent weights:
e.g. 1 kg – 1.5 kg– 2.5 kg (2 lbs – 3lbs- 6lbs)
Jumping:
Squat with the ball in your hands.
Jump extending your body and lifting the ball above your head.
Squat again.
Cover a length of 3 meters while jumping with the ball in your hands.
Pass the ball to your friend.
Balls in a circle:
Form a circle with about 9 classmates (10 children total).
Stand with your legs shoulder width apart.
Make the ball roll on the ground towards your classmate. The ball
must stay on the floor and not be thrown!
If the ball passes through your legs, you are out of the circle. If not,
throw it again.
Redo the two exercises with the heavier balls.
Record observations before and after this physical experience in your
Mission Journal.

Follow these instructions to train like an astronaut.

www.trainlikeanastronaut.org

Medicine balls are commonly used to increase
core strength and body
coordination. By improving
the strength of your core
muscles, you will find it
easier to stabilize your
body, maintain proper
posture, and prevent injury.
With stronger core
muscles, you may find that
you have better posture,
can balance extra weight
easier, or that you might
have more power for
explosive movements while
playing sports.

English/US_A12

PLANET YOU GO, GRAVITY YOU FIND

It’s a Space Fact
When you jump into the air, you automatically land back on the ground. Apples and leaves fall from trees,
and when you drop glass it breaks on the floor. Everything is pulled to the Earth due to the force of gravity.
The force of gravity is also present on the Moon. Because the Moons gravity is 1/6 of the Earth’s gravity, the
Moon’s gravitational pull is not as great as that of the Earth. This is the reason why an astronaut jumping on
the surface of the Moon is automatically a long-jump champion. Astronauts can jump further than 10
meters! On Mars, gravity is less than half the gravity here on Earth but on Jupiter it is more than double.
This means that on Jupiter’s surface you would have a hard time to climb the stairs because the gravity on
Jupiter would pull you to the ground much more than the Earth does. Astronauts will not walk on other
planets in the near future but still their training takes into account the influence of gravity because during
their mission they will be in a free-fall microgravity environment. When astronauts are back on Earth after a
six-month stay on the International Space Station, they feel tired, as if everything is
extremely heavy. Astronauts need to train to get acquainted again with Earths’ gravity
and do that using medicine balls to strengthen their muscles.

Fitness Acceleration
Jump a 4 meters distance.
Do a circle with the entire class, instead of just 9 classmates.

Coordination:
Using your muscles
together to move your
body.
Muscular strength:
The ability to use your
muscles to move or lift
things, and yourself.
Medicine ball:
A medicine ball (also
known as an exercise
ball, a med ball, or a
fitness ball) is a
weighted ball. Often
used for rehabilitation
and strength training,
it serves an important
role in the field of
sports medicine.

Do the circle facing each other’s back.

Think Safety!

Core muscles:
The muscles that
stabilize, align, and
move the trunk of the
body; the abdominal
and back muscles.

Scientists and Astronaut Strength, Conditioning & Rehabilitation (ASCR)
Specialists working with the astronauts must make sure they have a safe
environment in which to practice, so that the astronauts can’t get injured.
A warming-up and cooling-down period is always recommended.
Avoid obstacles, hazards, and uneven surfaces.
Exercise in a gym with enough space for throwing balls and jumping
and appropriate heating conditions (neither too cold nor too hot).
Wear appropriate attire that allow you to move freely and comfortably.
Chose adequate weight (not too heavy).

Mission Explorations
Find different types of balls: e.g. basketball, volleyball, football, tennis ball,
etc. Why are they different? Do they weigh differently and why?
Determine the gravitational pull of Each planet in our solar system relative
to Earth’s gravitational pull. How many Earth years does it take for each
planet to make a complete revolution around the Sun. Calculate your
weight and age on each planet in our solar system as you jump from one
planet to the next.

Status Check: Have you updated your Mission Journal?
An ESA Mission X - Train Like an Astronaut Mission Handout

Mission X: Train Like an Astronaut

REDUCED GRAVITY, LOW-FAT
An ESA Mission X – Train Like an Astronaut Educational Guide

Student Name

Introduction
As astronauts travel to the moon, Mars, and beyond, the need for
nutritionally balanced meals becomes even more important for
space missions. The amount of fat inside food packaged for
spaceflight is analyzed by researchers before the food is sent into
space. Fat content of food is monitored before consumption by
dietitians and food scientists at NASA.

Problem
The fat you see on beef or ham is visible fat. Can you name other
kinds of food you expect to contain high quantities of fat?
Actually, other kinds of food like French fries or hamburgers also
contain fat which is labeled as invisible because you cannot see
it.

Materials per group









food guide pyramid
beaker/container
stirring spoon
water
marker
fast food cheeseburger meal
nutrition label of a
cheeseburger and fresh
fries
pan (if you use a cooker)

How can I discover the fat content of a cheeseburger? How can I
formulate a balanced meal?
Discuss it with your teacher and classmates.

Test Procedure
With your group:

Day 1












Read the record data sheet
With your teacher: place the cheeseburger meal into the
blender
Once blended, put it in the beaker or container
Add 2 parts of water (1/3 mixed burger meal, 2/3 water)
With your teacher: put in the microwave for 15 minutes
low intensity to make it simmer
o Or with your teacher: put it in a pan and simmer for
10 minutes
Put a lid on the beaker or container
o Or pour the emulsion from the pan back in the
beaker and put a lid on it
Let the emulsion cool down
Put it in the freezer (or refrigerator) for 1 day
Record data

www.trainlikeanastronaut.org

Reduced Gravity, Low-Fat – Student Section 1/3

Day 2





Read the record data sheet
Remove the cold/frozen emulsion from the refrigerator/freezer
Mark the layer of fat with a marker
Record data

Record data sheet
Proportion of water and burger meal:
Time in minutes the “burger meal soup” simmered:
Time in hours of cooling down:
Thickness of the fat layer:
Diameter of the beaker:
Volume of fat (with teacher’s help):
Volume of burger:
Proportion (fat volume/fat burger):

Study data
After collecting all data, study data by answering the following questions as a class.
1. If you eat too much fat, how does your body deal with the extra fat?
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
2. List one food item which contains visible fat and one which contains invisible fat.
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
3. Why is it necessary to heat the emulsion? And to cool it down?
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________

www.trainlikeanastronaut.org
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Reduced Gravity, Low-Fat Glossary

Emulsion

Balanced Diet

Nutrition Facts
label

www.trainlikeanastronaut.org

A suspension of two liquids within each other that
normally would not mix (like oil and water). Picture
a cup with vinegar. If you pour oil into the vinegar,
the oil will float on top of the vinegar because it is
less dense. The liquids start to mix together and
tiny droplets of each liquid become suspended
within each other. When they are evenly mixed in
each other then you have an emulsion.
Contains sufficient amounts of fibre and the various
nutrients (carbohydrates, fats, proteins, vitamins,
and minerals) to ensure good health. Food should
also provide the appropriate amount of energy and
adequate amounts of water.

The label required on most pre-packaged foods.
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REDUCED GRAVITY, LOW-FAT
Educator Section

Introduction
As astronauts travel to the moon, Mars, and beyond, the need for
nutritionally balanced meals becomes even more important for
space missions. The amount of fat inside food packaged for
spaceflight is analyzed by researchers before the food is sent into
space. Fat content of food is monitored before consumption by
dietitians and food scientists at NASA.

Teacher Preparation Time: 1
hour
Lesson Duration: approx 2
hours over 2 days
Prerequisite: Knowledge of the
Food Guide Pyramid found at
www.mypyramid.gov

Students will discover the fat content of a meal, and formulate a
balanced meal by applying the information on fat content of food.
They will also observe an Astronauts mission menu and
determine if they are eating a balanced diet.

Methodology: to help students
make the connections between
what they already know and
new information, we suggest to
follow the 5E instructional
model: Engage, Explore,
Explain, Elaborate and
Evaluate.

Problem

--------------------------------

How can I visualize hidden fat? How can I formulate a balanced
meal?

Materials Required

Lesson Objective

Learning Objectives
Students will:
 Make an emulsification from a fast food meal (cheeseburger
and French fries).
 Evaluate the invisible fat content of the fast food meal.
 Make observations of NASA Astronaut menus to determine if
they are having a balanced meal in space.

Materials
Per group (4-5 students per group):
 food guide pyramid
 beaker
 stirring spoon
 water
 marker
 fast food cheeseburger
 fast food French fries
 nutrition label of a cheeseburger and fresh fries
 pan (if you use a cooker)

www.trainlikeanastronaut.org

blender
fast food cheeseburgers
fast food French fries
water, refrigerator and freezer
transparent beakers or other
clear containers that will
withstand heat and cold
capacity about 2 liters, diameter
about 10-15 cm
pan (if you use a cooker)
cooker or microwave oven
large stirring spoons
markers
food guide pyramids
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Per class:
 cooker (or microwave oven)
 freezer
 blender

Pre-lesson Preparation
The day before lesson delivery:
 Secure an appropriate number of cheeseburger and french fries from a fast food restaurant.
 Secure the use of a microwave or cooker, refrigerator and freezer.
 Copy enough food guide pyramids for one per group.
 You may find a nutrition facts label on the fast food meal packaging or by searching the web with
the key words “cheeseburger nutrition facts” and “French fries nutrition facts”.
The day of lesson delivery:
 Divide class into groups of 4-5 students and distribute group material.

Lesson Development
Observation Engage
Fat is sometimes hidden inside food. The fat you see on pork, chicken, or beef is visible fat. This type
of fat is plain to see, and is solid at room temperature. You can reduce your fat intake by trimming the
visible fat from the meat before cooking. Vegetable oil, margarine and butter are all visible fat.
The fat found in snack foods such as cookies, candy, nuts and chips is labeled as invisible fat. Invisible
fat cannot be seen, but adds extra calories to your diet.
An appropriate amount of fat is part of a balanced diet, but when we eat too much fat, the body cannot
use it all and it turns the extra into body fat. Some body fat is good, but when the body starts making
too much fat it starts to store the fat. . That is not good for space explorers or for us! Astronauts want
to stay healthy and full of energy.
Knowing the fat content of food allows the space researchers to make healthier decisions about how
much and what kinds of food to package for the astronauts to eat.
To engage your students:
1. As a class, discuss briefly
 What is fat?
 What happens if you eat too many fatty foods?
 What type of food contains fat?
 Is fat always visible on food?
2. As a class, discuss briefly
 Why do astronauts need to stay healthy and be careful about fat intake?
 The astronauts’ diet. Astronaut menus are available for each crew who travels into space. Go to
crew profiles section of this NASA page to find menus. Students can discuss what astronauts on
a mission will be eating and if the fat content is low or a reduced fat menu. What are the
students to do with the menus?
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts131/index.html
3. As a class, discuss briefly
 What foods contain large amount of fat?
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Is fat always visible? How can I recognize hidden fat in food? (e.g Fat sticking on fingers when
handling foods (i.e. doughnuts etc.)
Discuss the nutrition facts label on a cheeseburger meal (cheeseburger and french fries).
Introduce the concept of emulsification (or emulsion): a mixture of two liquids which do not mix
as oil and water. In this case the two liquids of the emulsions are the liquefied fat from the meal
and water.

Instructional Procedure Day 1 Explore










Ask students to read the introduction in their student guide
With your students’ help place the fast food cheeseburger meal into the blender with your
students.
Give 1 smashed meal to each group in the beaker or container
Ask them to add 2 parts of water (final result will be 1/3 smashed burger meal 2/3 water)
Put the beakers in the microwave low intensity to make it simmering for about 15 minutes
o Or put it in a pan and simmer it for 10 minutes
Put a lid on the beaker or container
o Or pour the emulsion from the pan back in the beaker and put a lid on it
Let the emulsion cool down
Put the emulsion in the freezer for 1 day
Ask students to complete their data sheet

Conclusion Day 1 Explain
 Why did we blend the burger?
 Why did we add water?
Introduce the concept of emulsion and that the fat is released into water
 Why did we boil it?
The solid fat becomes liquid at higher temperatures and moves from the food to the water.

Instructional Procedure Day 2 Explore



Ask students to observe the frozen emulsion and mark the layer of fat.
How thick is it? Ask students to complete their data sheet

Conclusion Day 2 Explain








Why did we cool down/freeze the emulsion?
In order to make the fat solid again, separate it from water and the rest of the burger and thus
become visible.
What happened to the fat? Is it now visible?
Discuss the answers to the Reduced Gravity, Low Fat Student Section study data questions.
Ask students to compare their group data to the class data. What patterns can be found?
Do you think that astronauts have burgers on the ISS? Why?
Starting from the nutritional facts on the cheeseburger meal and the food guide pyramid,
formulate a balanced meal according to your own taste preference.
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Curriculum Explorations Elaborate
To extend the concepts in this activity, the following explorations can be conducted:
 Mathematics explorations
Ask your students to calculate the volume of solidified fat by measuring the diameter of the beaker,
the height of the fat layer and then using the formula for cylinder volume. If you measure
beforehand the volume of your burger, you can estimate the percentage of fat.
 Actuality explorations
Give your students obesity rates in different countries all over the world and discuss with your
students possible reasons for that and possible countermeasures.

Assessment Evaluate
 Discuss the answers to the Study Data questions in the Reduced Gravity, Low Fat student guide.

1. If you eat too much fat, how does your body deal with the extra fat?
2. List one food which contains visible fat and one which contains invisible fat.
3. Why is it necessary to heat the emulsion? And to cool it down?
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Educators and Students resources
The European Food Information Council
http://www.eufic.org/
World Health Organization
http://www.who.int/moveforhealth/en/
HELENA: Healthy Lifestyle in Europe by Nutrition in Adolescence
http://www.helenastudy.com/
Health(a)ware
http://www2.hu-berlin.de/health-a-ware/
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Reduced Gravity, Low-Fat Glossary

Emulsion

Balanced Diet

Nutrition Facts
label
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A suspension of two liquids within each other that normally
would not mix (like oil and water). Picture a cup with
vinegar. If you pour oil into the vinegar, the oil will float on
top of the vinegar because it is less dense. The liquids start
to mix together and tiny droplets of each liquid become
suspended within each other. When they are evenly mixed
in each other then you have an emulsion.

Contains sufficient amounts of fibre and the various nutrients
(carbohydrates, fats, proteins, vitamins, and minerals) to
ensure good health. Food should also provide the
appropriate amount of energy and adequate amounts of
water.

The label required on most pre-packaged foods.
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A Robotic Arm
EDUCATOR SECTION (PAGES 1-7)
STUDENT SECTION (PAGES 8-15)

Background
Why do we need robotic arms when working in space? As an
example, try holding a book in your hands straight out in front of
you and not moving them for one or two minutes. After a while, do
your hands start to shake or move around? Imagine how hard it
would be to hold your hands steady for many days in a row, or to
lift something really heavy. Wouldn’t it be nice to have a really long
arm that never gets tired? Well, to help out in space, scientists have
designed and used robotic arms for years. On Earth, scientists have
designed robotic arms for everything from moving heavy equipment
to performing delicate surgery. Robotic arms are important machines
that help people work on Earth as well as in space.

Ages: 8-12
Topic: Engineering design and teamwork
Standards: This activity is aligned to national standards
in science, technology, health and mathematics.
Next Generation:
3-5-ETS1-2. Generate and compare multiple possible
solutions to a problem based on how well each is likely
to meet the criteria and constraints of the problem.
3-5-ETS1-3. Plan and carry out fair tests in which
variables are controlled and failure points are considered
to identify aspects of a model or prototype that can be
improved.

Astronaut attached to a robotic arm on the ISS.

Look at your arms once again. Your arms are covered in skin for protection. Inside your skin are nerves, muscles
and bones which allow the movements to occur. Like the skin on your arms, the robotic arms in space are also
covered with fabric. The protective layers of the robotic arms on the ISS are to keep the wires, motors, and metal
safe from space radiation which is similar to how your skin protects your nerves, muscles, and bones of your
arms. Additionally, the robotic arms have joints much like our elbows and wrists, and even have parts that are
similar to our hands which hold items.

Lesson Objectives. Students will:
• discover relationships between the length of a robotic arm and the level of
difficulty to grab objects
• investigate importance of hinges in arm function
• collaborate with each other in designing an arm
• test various materials for grippers end effectors
• compare and modify designs based on how well they meet performance
criteria and constraints
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Teacher Notes / suggestions for
student engagement:
To help students engage with the material, ask some
questions to help students relate the robotic arms to
their own human arms and also to construction arms
like cranes, forklifts, or prosthetic arms. Try to have
them rotate their joints to see how their joints rotate.
This activity will ask them to design and build a
robotic arm to perform some simple tasks.
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Check out how similar the arms
and hands on Robonaut 2 are to a
human. This robot can even “speak”
by using sign language!

The main space station Mobile Servicing System component is known as Canadarm2. This large robotic arm has
7 joints and can move up to 116,000 kg (256,000 pounds) worth of space station equipment. This arm moves
equipment around and astronauts can even be connected to the end of the arms to move them around to different
parts of the station. Can you imagine floating about 400 km (250 miles) above the Earth and being moved around by
a robotic arm? What an out-of-this-world ride! Another arm on the ISS is on the Japanese Experiment Module and
is known as the Remote Manipulator System. This device is actually made with two arms - a large arm and a small
arm – each of which have 6 joints and are used for conducting experiments and supporting maintenance tasks.
On the ISS there is also a human-sized robot known as Robonaut 2, or R2. This robot can perform tasks that
humans typically perform, but does these tasks without getting tired. R2 has arms and legs designed for specific
purposes that help the astronauts perform their jobs safely while in space.
The European Robotic Arm has similar features as the other arms on the ISS in that it is designed to work with
the Russian airlock and can also move equipment directly from inside the ISS to the outside of ISS. This arm uses
infrared cameras to inspect the outside of the ISS and is also designed to move astronauts around the outside of
the station to make it easier for them to work during spacewalks.
Teacher Notes / suggestions for use of A Robotic Arm video:
There is a short video that accompanies this activity. If time permits, have the students watch the video before they begin the activity to help
them engage and build interest with the topic. Then, at the end of the activity, they can watch the video and reflect on how much they have
learned about robotic arms. The video is titled, “A Robotic Arm” and can be found at http://trainlikeanastronaut.org/media.
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Problem: Can we design a robotic arm to grab objects at a distance?
SAFETY SECTION!!
Sharp Hazard! Use caution when making holes in popsicle sticks.

Explore
End effectors and arms – how we grab
and reach
Split the students into pairs. Give each pair a set of
chopsticks. Tell the students that they have to use
the chopsticks to extend their arm and that they
should grab the chopsticks at the end to make their
arms as long as possible. Let them try to use the
chopsticks to hold a small ball (such as a ping-pong
ball) or an eraser. Next, ask them if they managed to
successfully complete the task, and why did it work
or why didn’t it?
How did it work? Was it more difficult to grab
the eraser or the ping-pong ball? Explain to the
students that astronauts sometimes have to grab
Canadarm2 and its end effector as seen from the ISS.
things that are far away. In those cases they don’t
use chopsticks to make their arms longer; they use
special robotic arms. Look at the pictures of a real robotic arm on page 1 and the astronaut being held by it. What
is being done with the robotic arm? It is being used to help astronauts perform repairs outside of the space station.
It takes time and effort to move in space, so the robotic arm helps move astronauts and equipment around outside
of the space station to make repairs. Students should move their chop stick arms slowly and carefully, just like the
astronauts and flight controllers who have to be very precise when using a robotic arm, and especially careful when
an astronaut is attached to the arm!

Design and testing: Arm length and hinges
Can we design a robotic arm to perform specific tasks?
In this section, the students make a robotic arm with hinges that they can use to
grab items from a distance.
Pre-lesson Preparation:
Prepare twelve storage bins for the activity A Robotic Arm.
In each storage bin, place:
• eight popsicle sticks
• a pair of scissors
• cotter pins (metal pin used to fasten two parts of a mechanism together)
• two erasers or pieces of a sponge
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Materials:
• 96 popsicle sticks
• 24 erasers or sponge pieces
• 12 sets of chopsticks
• 12 pairs of tweezers
• 12 storage bins
• 12 ping-pong balls
• scissors
• cotter pins
• hole punch or awl (leather
punch)
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Procedures:
The following procedures are taken from the student section.
1. Get the materials from your teacher.
2. Check the materials. Later, you will be be able to get creative so start thinking
now about which other materials can you use to make a robotic arm.
3. Punch three holes in the popsicle sticks using your teacher’s hole puncher.
See image for location of holes.
4. Connect two popsicle sticks using a cotter pin, forming a cross.
5. Repeat steps 4 and 5 for all other popsicle sticks.
6. Now connect all the crosses together. Carefully check the sample drawings as
an example.
7. Make a cut in both erasers or sponges in the side.
8. Insert the erasers with the cuts, or sponge pieces, to the ends of the grabber.
9. Try using your robotic arm to grab an object from the table. Can you
successfully do this?
10. Use your robotic arm to try to pick up an eraser and something round, like a
ping-pong ball. Can you successfully do this?

Explain:
These questions are taken from the student section.
1. Was it more difficult to grab the eraser or the ping-pong ball? [Answers will vary,
but most will find the eraser easier to grab due to friction and the shape of the
surface.]
2. What is an object that would be difficult to hold with your end effector? [Slippery, heavy, small or very large
objects may be examples.]
3. What is an object your arm would not be well designed to pick up? [Answers will vary.]
4. Did gravity play a role in how easy it was to use your robotic arm? [Answers will vary, but in general gravity will
make it harder to move an object due to the object having weight. On the ISS there is a similar amount
of gravity as on Earth, but because the ISS, the arm, astronauts and the objects are all falling in the same
direction the effect of gravity is negligible.] For more information regarding gravity, http://www.nasa.gov/
audience/forstudents/5-8/features/nasa-knows/what-is-microgravity-58.html.
Adapting the robotic arm for new conditions…
1. Try to make your robotic arm even longer. Does the arm work better when it is longer? [Answers will vary, but
generally the arm is more difficult to use when longer.]
2. Remove some sections of your arm. Does your robotic arm work well when you make it shorter?
[Answers will vary]
3. What material would you use to pick up an egg? [Answers will vary]
4. Remove a number of cotter pins. Does the robotic arm still work? [Answers will vary]. Depending on which
cotter pin is removed, if the arm still works it will most likely work not as well.

www.trainlikeanastronaut.org
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Elaborate:
Students will adapt and test their robotic arms in different situations and get creative by designing and building a new
robotic arm to perform a task. They will investigate how changes in design parameters and structure affects their
arm’s performance. This will allow the students to investigate arm designs and better understand the connections
between design, form fit function, outcomes and specifications.
 each another group how to use your arm, and learn how to use their arms. Use the other teams’ arms to perform a
T
task for which it was designed to perform. Astronauts in space and the Flight Control Team, on Earth, work together
and communicate regarding the movements of the robotic arms. Before astronauts fly to space, they learn how to
safely use the robotic arms and are taught these skills by scientists and engineers. The astronauts will practice the
motions on Earth so that when they fly to space they can operate the arms to safely do their jobs. They want to
make sure everybody is safe and keep the equipment, ISS, and the arm in good condition. So, as you learn from the
other teams how to use their arm, be gentle with the arm and keep it in good working condition. Share with the other
teams why you chose the materials you chose, and the decisions your team made that helped create your arm.
Remember, learning from each other and working as a team is an important aspect of astronaut training.

Evaluate:
1. Which objects from your bin did you choose to make your arm?
2. Did your design meet the requirements and do what you wanted it to do? Circle one YES / NO
3. Place your hands in different places on the arm and do what you wanted it to do. Where should you place your
hands to make the arm easiest to use? [Answers will vary.]
4. The end effector is the part of the arm that holds objects. Other than the erasers or sponges, what materials
could you use for an end effector? [Answers will vary.] Surfaces with more friction are good choices. Keep in
mind that the end effector and the objects to be grasped must be designed to work together.

Extend: How does the Canadarm2 end effector work?
Teacher Notes / suggestions for use of A Robotic Arm video:
Look over the suggested challenges and adjust the tasks for the age group of your students. Have the students read the student reading
section, or read it to them. Also, the videos are interesting for background information and show the designs well.

The end effector on Canadarm2 is an elegant design, and we can make
a model using simple materials. This part of the activity was adapted
from a NASA education activity found here https://www.nasa.gov/
pdf/675573main_Technology%20Activity-SOS.pdf. Have the students
look at the video before completing this section. In fact, they may want to
refer back to the video again afterwards. The following is from the student
section at the end of this activity.

Materials:
• s tyrofoam or paper cups (2 per end effector)
• 12-cm pieces of string (3 per end effector)
• cellophane tape
• plastic picnic knives (serrated)
• straw or lollipop (1 per end effector)

You and your colleagues are now working as Robotic Engineers for a space
agency. You may work in pairs for this section, although your teacher may
assign you to other sized groups.
1. Nest the two cups together and cut through both cups where indicated
in the diagram by the dashed line. Smooth the cut edges by scraping
them with the edge of the picnic knife edge.
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2. Cut three lengths of string, each about 12 centimeters (4.7 inches) long.
3. Tape the end of the first string to the inside of the inner cup just below the cut edge.
4. Tape the other end of the string to the outside of the outer cup, but do not press this piece of tape tightly yet.
You will press to tighten the tape after the strings are adjusted in a later step.

5. Repeat Steps 3 and 4 twice more, but place the strings about a third of the way (120 degrees) around the cup
from the first string.
6. While holding the rim of the inner cup, rotate the outer cup until the three strings cross each other. The strings
will have some slack. Pull the end of the strings on the outside until they are straight and intersect exactly in the
middle of the opening. Press the tape on the outside to securely hold the strings.

Rotating the cups to close the snares. The snares on the Canadarm2 are designed to hold objects such as visiting
vehicles in place.

www.trainlikeanastronaut.org
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Using your End Effector
• Use the end effector to pick up the straw. Have someone hold the straw upright. Open the end effector so that
the strings are not crossing each other. Slip the end effector over the straw or lollipop so that the straw extends
down the center and not through any of the loops.
• Rotate the outer cup until the strings grasp the straw or lollipop. Pick up the object. The strings are like the
snares on the robotic arm on the ISS, and this twisting of the snares allows the arm to hold, or grapple, objects
such as visiting vehicles. Have some fun and try to grapple some other objects.
1. The object may be too slippery to be held securely. How might the straw or lollipop be modified so that it can
be held? [Answers will vary.]
2. Teamwork, sharing ideas and collaborating with others is very important to engineers and other work teams.
Compare your grapple fixture to two other grapple fixtures designed by your classmates. Draw them in the
squares below. [Answers will vary.]

3. Which one works the best? Use complete sentences to explain why. [Answers will vary.]
5. Draw your end effector and evaluate the strongest and weakest points of each grapple fixture you compared.
[Answers will vary.]
6. How can you improve your design? Use complete sentences. [Answers will vary.]
7. Can your team figure out a way for your arm and your end effector to work together? [Answers will vary.]

Snares are closed around a grapple fixture pin on the robotic arm.
www.trainlikeanastronaut.org
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Mission X: Train Like an Astronaut

A Robotic Arm
Student Section
Engage:

Do you have arms like a robot? Well, the robotic arms on the International Space Station (ISS) have similarities to
human arms. Look at your own arms. How many places do your arms bend between your shoulders and your
fingers? Each location that bends allows your arm to move in
Did you know?
a different direction. Now look at your hands as you pick up
Japanese Experiment Module Remote Manipulator System
an object like a pencil. Notice how your fingers, hands and
(JEMRMS) is actually two arms – a big and a small arm –
wrists move to allow you to pick up the pencil. Now try this:
each with 6 joints to make human-like movements?
Hold your arms straight out in front of you with your palms
facing downwards. Now, count to five slowly as you move
your finger to touch the end of your nose. Did you notice all the
movements and twisting at your elbow and wrist joint? Do it
again and watch only your wrist as it moves. Does it twist? Try
holding one hand under your elbow and rest it on your desk or
a table and very slowly touch your nose again. Can you touch
your nose while keeping the bones inside your arm and elbow
joint from moving or twisting? Can you do this without letting
your fingers get above eye level? Did this change the motion of
your fingers? Could you feel the bones in your elbow moving
around inside your skin? Your arms need all these joints to
The Canadarm2 (center) and solar array panel wings on
the International Space Station.
perform complicated motions throughout your day.

Astronaut using Canadarm2 to work on the ISS.

www.trainlikeanastronaut.org

The ISS has many robotic arms to help the astronauts work in space.
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Procedures
1. Get the materials from your teacher.
2. Check the materials. Later, you will be be able to get creative so start thinking
now about which other materials you can use to make a robotic arm.
3. Punch three holes in the popsicle sticks using your teacher’s hole puncher.
See image for location of holes.
4.  Connect two popsicle sticks using a cotter pin, forming a cross.
5. Repeat steps 3 and 4 for all other popsicle sticks.
6. Now connect all the crosses together. Carefully check the sample drawings
as an example.
7. Make a cut in both erasers or sponges in the side.
8. Insert the erasers with the cuts, or sponge pieces, to the ends of the grabber.
9. Try using your robotic arm to grab an object from the table. Can you
successfully do this?
10. Use your robotic arm to try to pick up an eraser and something round, like a
ping-pong ball. Can you successfully do this?

Explain
Grabbing and End Effectors
1. Was it more difficult to grab the eraser or the
ping-pong ball?

2. What is an object that would be difficult to hold
with your end effector?

3. What is an object your arm would not be well
designed to pick up?

4. Did gravity play a role in how easy it was to use
your robotic arm?

Robonauts and astronauts are both important to successful space missions.

Discuss your answers with another crew member. It is important to collaborate with others! Teamwork allows us
all to do more than we could do by ourselves. This is true for astronauts, engineers, and you! Did you and your
team mates get similar results? Ask them. Then, as a group, prepare to get creative and design your own Robotic
Arm to answer the following questions.

www.trainlikeanastronaut.org
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Adapting the robotic arm for new conditions…
1. Try to make your robotic arm even longer. Does the arm work better
when it is longer?

Did you know?
In 1920, Czechoslovakian writer Karel Capek
invented the word “robot” in his play R.U.R.
(Rossum’s Universal Robots). Robota, a Czech
word, translates as “drudgery” or forced labor.

2. Remove some sections of your arm. Does your robotic arm work
well when you make it shorter?

3. What material would you use to pick up an egg?

4. Remove a number of cotter pins. Does the robotic arm still work?

Elaborate
It is time to get creative!! In this section, your team will adapt and test your robotic arms to different situations.
Investigate how changes in design parameters and structure affects your arm’s performance. Move things around.
Change the length of your arms. Add or remove joints. Play with your design, because this will allow your team
of engineers to investigate arm designs and better understand how they work. When you are ready to move on,
decide on a task or skill that you would like your robotic arm to perform. Will it help humans perform a task such
as opening a door or holding something hot? Once you have decided on the task you want your arm to perform,
draw a design of the arm you would like to build to perform your task and get approval from your teacher before
moving on to the next step. On your drawing, label the parts of the robotic arm such as the end effector or joint.
_________ teacher approval
Now, build your robotic arm and see how it works to perform your task! You are the scientists and are now
working together just like a group of robotic arm engineers!
 each another group how to use your arm, and learn how to use their arms. Use the other teams’ arms to perform a
T
task for which it was designed to perform. Astronauts in space and the Flight Control Team, on Earth, work together
and communicate regarding the movements of the robotic arms. Before astronauts fly to space, they learn how to
safely use the robotic arms and are taught these skills by scientists and engineers. The astronauts will practice the
motions on Earth so that when they fly to space they can operate the arms to safely do their jobs. They want to
make sure everybody is safe and keep the equipment, ISS, and the arm in good condition. So, as you learn from the
other teams how to use their arm, be gentle with the arm and keep it in good working condition. Share with the other
teams why you chose the materials you chose, and the decisions your team made that helped create your arm.
Remember, learning from each other and working as a team is an important aspect of astronaut training.
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Evaluate
1. Which objects from your bin did you choose to make your arm?

2. Did your design meet the requirements and do what you wanted it to do? Circle one YES / NO

3. Place your hands in different places on the arm. Where should you place your hands to make the arm
easiest to use?

4. The end effector is the part of the arm that holds objects. Other than the erasers or sponges, which material
can you also use for an end effector?

Extend
Student reading section
On the ISS, the main Mobile Servicing System is also known as Canadarm2. This
large robotic arm has 7 joints and can move up to 116,000 kg (256,000 pounds)
worth of space station equipment. This arm moves equipment around, and
astronauts can be connected to the end of the arms to move them around to different
parts of the station. Can you imagine floating about 400 km (250 miles) above the
Earth and being moved around by a robotic arm? What an out-of-this-world ride!
Another arm on the ISS is on the Japanese Experiment Module and known as the Remote Manipulator System.
This arm is actually two arms - a large arm and a small arm – which both have 6 joints and are used for conducting
experiments and supporting maintenance tasks. At the very end of the arm, the end effector and snare is one of the
most important pieces because that is what actually holds on to objects.
On the ISS there is also a human-sized robot known as Robonaut 2, or R2. This robonaut can perform tasks that
humans typically perform, but does these tasks without getting tired. R2 has arms and legs designed for specific
purposes that help the astronauts perform their jobs safely while in space. The fingers and hands of R2 are very
much like human hands and fingers and they close on objects to hold them in the same way your own hands
work. The end effector on Canadarm2 is very different. It uses snare cables as its effector. You will get a chance to
build a model of the Canadarm2 end effector in the next section!
How would you design an end effector to grab and hold on to a satellite? Remember, both the satellite and the
ISS are floating in space, so if the two objects push off of each other, they will fly off in separate directions in
space. Satellites and the ISS are very, very expensive, and contain precious cargo and humans on board! The
method used to hold on to the satellite as the robot moves it is very important, and the design is actually fairly
simple. In the extend section, you will be able to build a model of the Canadarm2 end effector and snares. One
thing to keep in mind is that the grapple fixtures – the equipment used to grab and hold on to objects – must
be checked and tested. This is because the snares are actually somewhat flexible cables and, because they
are flexible, could possibly not be in the correct position after their prior use. Before the end effector is used to
grapple objects, the snares are sometimes checked to make sure they are positioned correctly for use, and not
out of position. In the video A Robotic Arm, NASA astronaut and Mission X Ambassador Mike Hopkins checks the
snares to make sure they are positioned and ready to grapple a visiting resupply vehicle.
www.trainlikeanastronaut.org
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Let’s build it! How does that real end effector work?
The end effector on Canadarm2 is an elegant design, and we can make a model using simple materials. This part
of the activity was adapted from a NASA education activity found here: https://www.nasa.gov/pdf/675573main_
Technology%20Activity-SOS.pdf.
You and your colleagues are now working as Robotic Engineers for a space agency. You may work in pairs for this
section, although your teacher may assign you to other sized groups.

1. Nest the two cups together and cut through both cups where indicated
in the diagram by the dashed line. Smooth the cut edges by scraping
them with the edge of the picnic knife.
2. Cut three lengths of string, each about 12 centimeters (4.7 inches) long.
3. Tape the end of the first string to the inside of the inner cup just below
the cut edge.
4. Tape the other end of the string to the outside of the outer cup, but do not press this piece of tape tightly yet.
You will press to tighten the tape after the strings are adjusted in a later step.

5. Repeat Steps 3 and 4 twice more, but place the strings about a third of the way (120 degrees) around the cup
from the first string.
6. While holding the rim of the inner cup, rotate the outer cup until the three strings cross each other. The strings
will have some slack. Pull the end of the strings on the outside until they are straight and intersect exactly in the
middle of the opening. Press the tape on the outside to securely hold the strings.

			

Rotating the cups to close the snare
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Using your End Effector
Engineers design a fixture for the snares to close around, and then these fixtures are placed on satellites or other
objects that the robots will grapple. These fixtures will be simulated by straws or lollipops in this activity.
• Use the end effector to pick up the straw or lollipop. Have someone hold the straw or lollipop upright. Open the
end effector so that the strings are not crossing each other. Slip the end effector over the straw or lollipop so that
the straw extends down the center and not through any of the loops.
• Rotate the outer cup until the strings grasp the straw or lollipop. Pick up the object.
1. The object may be too slippery to be held securely. How might the straw or lollipop be modified so that it can
be held?

2. Teamwork, sharing ideas and collaborating with others is very important to engineers and other team
members.. Compare your grapple fixture to two other grapple fixtures designed by your classmates. Draw them
in the squares below.

4. Which one works the best? Use complete sentences to explain why.

5. Draw your end effector and evaluate the strongest and weakest points of each grapple fixture you compared.

6. How can you improve your design? Use complete sentences.

7. Can your team figure out a way for your arm and your end effector to work together?

Snares closed around a grapple fixture pin.
www.trainlikeanastronaut.org
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Contributors and SME background
At NASA and space agencies around the world, there are many groups working with robotics
and spaceflight. This activity was developed with the collaboration of the Netherlands Space
Office, NASA’s Human Research Program Engagement and Communications team, and the
Subject Matter Expert assistance of Laura Lucier. Laura holds a BSc in Mechanical Engineering
with Distinction from the University of Calgary and a Masters degree in Aerospace Engineering
from McGill University. While studying at McGill she performed research on the degradation of
materials in the low-Earth orbit environment with the Advanced Materials and Thermal Group at
the Canadian Space Agency. At the time of this publication, Laura worked at the Johnson Space
Laura Lucier, at
Center as a NASA flight controller. Specializing in robotics, Laura plans operations involving the
NASA’s Johnson
Canadarm2 and Dextre robots onboard the International Space Station and works on console
Space Center.
in the Mission Control Center when the robots are being used. Her favorite parts of the job are
maneuvering the robots from the ground and training astronauts on how to use them. Outside of work, Laura
exercises her skills as an instrument-rated commercial pilot and SCUBA instructor. She also volunteers for
CyberMentor, an Alberta-based science mentoring program for young women and enjoys playing ice hockey.
A Robotic Arm is based on a lesson developed by Meie van Laar of Science Center NEMO in the
Netherlands. Science Center NEMO hosts ESERO NL, the Dutch node of the European Space
Education Resource Office project, an initiative by the European Space Agency (ESA). In the
Netherlands ESERO is co-funded by the Netherlands Space Office.

Meie Van Laar, Science Center NEMO.

Nicole Sentse, Life
Scientist, ESA.

ESERO NL uses space related themes and the genuine fascination felt by young people for space
to enhance literacy and competence in STEM-related subjects and to enhance study and career
choices in science and technology. To this aim it supports teachers by providing training and
professional development courses and by developing class room resources. For more information
visit www.ruimtevaartindeklas.nl which offers a wide range of space lessons (Dutch only).
Nicole Sentse has been working as a Life Scientist for the European Space Agency for more than
12 years and together with Cristina Olivotto initiated the Mission X project for the European Space
Agency, in cooperation with their NASA colleagues, in reply to a request from the ISS Life Science
Working Group in 2010. She is currently working as independent consultant for the European
Space Agency and the Netherlands Space Office.

Cristina Olivotto works for Sterrenlab and collaborates with education programs in formal and
informal education at primary and secondary level in international contexts. She is currently
developing a series of lesson plans for primary school teachers with the European Space Agency.
Cristina Olivotto, ESA.
For more information about Sterrenlab go here http://www.sterrenlab.com/.

Ed White Elementary

American School of the
Hague
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We appreciate the experience and guidance of the educators and all the
students who helped refine this lesson. A special thank you to Owen Davison, a grade 5 science teacher at the American School of the Hague,
the Netherlands and Laura Mackay, engineering teacher at Ed White
Elementary School in Texas, USA. Remember, all of these engineers, scientists and team members were once children like you are. They found
their dream and followed it into the world of Robotics - you can too!
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Media/graphics/images
Useful websites for further information
ISS Mobile Station Mobile Servicing System (Canadarm2)
www.asc-csa.gc.ca
http://www.nasa.gov/mission_pages/station/structure/elements/mss.html
https://www.youtube.com/watch?v=K7NvsxcoDKo&feature=youtu.be
Training on proper use of the arm
https://www.youtube.com/watch?v=6YFQf1-7T7s
https://www.youtube.com/watch?v=u4ggQdkTcLo
Japanese Experiment Module Remote Manipulator System (JEMRMS)
http://iss.jaxa.jp/en/kibo/about/kibo/rms/
Robonaut2
http://robonaut.jsc.nasa.gov/default.asp
Space Robot facts
http://er.jsc.nasa.gov/seh/robots_in_space.htm
European Robotic Arm
http://www.esa.int/spaceinvideos/Videos/1999/11/European_Robotic_Arm_ERA2
http://wsn.spaceflight.esa.int/docs/Factsheets/7%20ERA%20LR.pdf
http://www.esa.int/Our_Activities/Human_Spaceflight/International_Space_Station/European_Robotic_Arm
http://www.airbusdefenceandspacenetherlands.nl/project/era/
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MISSION X MISSION HANDOUT
An ESA Mission X - Train Like an Astronaut Mission Handout

YOUR MISSION:

Get on Your Space Cycle!

One exercise device that has been used by astronauts on the International Space Station since it was manned ten years ago is the cycle
ergometer. As astronauts do, you will train with a cycle to improve leg
muscles, cardio-vascular fitness and endurance. As astronauts care
for the Earth, you will also contribute to the safeguard of our planet by
trying to avoid the use of motorized vehicles for transportation.

Cycling helps to strengthen heart, vessels and lungs for endurance, as
well as legs muscles. Cycle training will get you used to long-distance
cycling and you will be able to spend your time visiting new places with
your friends and family without needing a car. You will also improve your
coordination, balance and focus on the environment around you. A stronger heart and more muscular endurance will allow you to play and run for
a much longer time.
MISSION QUESTION:
How could you perform a physical activity that will strengthen your
leg muscles, cardiovascular system and contribute to a less
polluted environment?

MISSION ASSIGNMENT:

Cycle Training

To perform the exercise, you will need a cycle.
This exercise is a homework activity.
To perform the activity you have to ride your bike 1 day
from home to school back and forth and report the
activity to your teacher.
If for any reason your family cannot accompany you to
school by cycle or you live too far from school, you can
cycle during your free time for 3 km (1.8 miles) and
report the activity to your teacher (where you went, how
long, when…)
You will record observations about improvements in this cycling training
in your Mission Journal.
Follow these instructions to train like an astronaut.

www.trainlikeanastronaut.org

Cycling improves
endurance fitness, as
well as body coordination, which supports
posture and balance.
These things help you
to have a good posture, and stability,
move in good balance
in all situations. This
also helps you to
participate in most
kinds of sport. It will
also exercise your
circulation and
strengthen your leg
muscles (so that you
can better run and
play). Last but not
least, you will give your
contribution to use the
cycle as an ecologically friendly means of
transportation.
English/US_A13

GET ON YOUR SPACE CYCLE!

It’s a Space Fact
Physical exercise is part of the daily routine of astronauts on the International Space Station (ISS).
Muscle and bone carry less load in weightlessness and get weaker; about 2 hours of daily exercise slows
down muscle loss and loads the bones in the skeleton. The ISS has an exercise cycle which provides
bone strength exercise for the legs. When the large leg muscles work they need more blood. Working
muscles stimulate the heart to pump more blood, and you breathe faster to get more oxygen in.
Cycle training on the ISS also maintains endurance and cardio-vascular fitness of the astronaut. The ISS
has an exercise cycle which is used for endurance training. The exercise cycle used by European
astronauts on the space station is called the Cycle Ergometer with Vibration Isolation and Stabilization, or
CEVIS. Cosmonauts, the Russian astronauts, also have a cycle called VELO.

Coordination:
Using your muscles
together to move
your body the way
you want it to.

Fitness Acceleration
Ride your cycle to school for two days.
Involve you family , pick two different
days to ride your cycle to school with
two members of your family (in two
different occasions)
Ride your bicycle to school four days
out of the week.

Endurance:
Ability to withstand
physical fatigue
during extended
physical activity, like
cycling or running
fast over a long
distance.
Cardiovascular
System:
Part of the body
where blood flows,
i.e. heart and blood
vessels. It is the
body system for
transport and use of
oxygen to provide
the ’fuel’ to muscles
and organs.

Think Safety!

Muscle strength:
Ability to use your
muscles to move or
lift things, and yourself.

Scientists and Astronaut Strength, Conditioning & Rehabilitation (ASCR)
Specialists working with the astronauts must make sure they have a safe
environment in which to practice, so that the astronauts can’t get injured.
Therefore, make sure:
To wear appropriate attire for cycling such as a helmet and
knee and elbow pads.
To follow all cycle safety rules and follow all traffic rules:
http://kidshealth.org/parent/firstaid_safe/outdoor/bike_safety.html
To listen to the advice of the adult who is cycling with you

Mission Explorations
On the weekend, take a cycle ride to explore your neighbourhood.
Ride your cycle to school or to visit your friends more often than you
usually do.
Find a location close to home and plan a cycle day trip with your family.

Status Check: Have you updated your Mission Journal?
An ESA Mission X - Train Like an Astronaut Mission Handout

MISSION X MISSION HANDOUT
An ESA Mission X - Train Like an Astronaut Mission Handout

YOUR MISSION:

Space Roll-n-roll

In the microgravity environment of the International Space Station astronauts can
perform spectacular rolls. Here on Earth, because of gravity these rolls are not as
easy. You will imitate astronauts being upside down and making your own body roll.
You will perform a series of somersaults on the ground to improve your body coordination, flexibility, balance and strengthen your back, abdominal and leg muscles.
You will record observations about improvements in this somersaults training in your
Mission Journal.
Performing a somersault requires the ability to coordinate your body movements, good balance and muscle power. Some daily activities that require
flexibility and body coordination include dancing, walking, picking up an
object from the ground or simply grasping something. To become more
flexible, you need to stretch regularly and use the full body range of motion.
To enhance your body coordination, you need to practice and stay focused.

MISSION QUESTION:
How could you perform a physical activity that will improve your body
coordination, flexibility and increase motion range?
MISSION ASSIGNMENT:

Somersaults Training

To perform the exercise, you will need to be in a gym equipped with:
A thick and long mat
Beginner somersault
Bend your knees, bringing your chin into your chest.
Put your hands close to your feet.
Put your head down carefully Roll in a straight direction.
Complete the somersault sitting on the mat.
Each child does this exercise 3 times. It is important to
do the exercise well, and not too fast.
Intermediate somersault
Start in the same position as the beginner somersault.
Complete the somersault standing.
Each child does this exercise 3 times. It is important to
do the exercise well, and not too fast.
Advanced somersault
Stand.
Get into a squat and do the somersault.
Complete the somersault standing.
Each child does this exercise 3 times. It is important to
do the exercise well, and not too fast.

Performing somersaults
improves body coordination, which is extremely
important to have a good
posture. This also helps
you to do most kinds of
sport. Improving flexibility will make it easier for
you to reach objects and
perform daily activities.
Stretching will result in
increased flexibility and
range of motion.

Record observations before and after this physical experience in your
Mission Journal.

Follow these instructions to train like an astronaut.
www.trainlikeanastronaut.org
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SPACE ROLL-N-ROLL

It’s a Space Fact
In space, astronauts can perform spectacular rolls. You can watch some amazing somersaults on the
Mission X- Train like an Astronaut website. On the International Space Station (ISS) astronauts seem
to be floating. The astronauts inside the ISS experience microgravity or weightlessness, floating
around in no particular direction. There's no up or down for them! Therefore astronauts can easily do
acrobatics and they can do a series of somersaults without any particular effort. In order to stop
rolling, they must stop themselves by reaching out to hold on to an object or person. This happens
because there are no forces which oppose their movements. Here on Earth, things behave differently.
When an acrobat makes a flip, he needs to jump high and be quick enough to rotate completely
before gravity pulls him back to the ground. Similarly, when you roll, you let your body fall to the
ground but then you need to fight gravity with your muscles to complete the exercise sitting or in a
vertical position. If you are well trained with somersaults on Earth, you will enjoy performing amazing
flips once you will become an astronaut!

Fitness Acceleration
Put a hula-hoop on the mat. Do a somersault through it without touching
the hula-hoop. Put a hula-hoop at a certain height above the mat and do
a somersault through it.

Coordination:
Using your muscles
together to move your
body the way you want
it to.
Stretching:
Elongating one or
more muscles as much
as possible.

Think Safety!

Somersault from a vertical head down position. Stand upside down with
your feet on the wall. Hands very close to the wall and stand in a vertical
position facing the wall Let you shoulder touch the floor and do the
somersault.
Scientists and Astronaut Strength, Conditioning & Rehabilitation (ASCR)
Specialists working with the astronauts must make sure they have a safe
environment in which to practise, so that the astronauts can’t get injured.
A warming-up and cooling-down period is always
recommended.
Avoid obstacles, hazards, and uneven surfaces.
Wear appropriate attire that allows you to move freely
and comfortably.
Use appropriate mats to avoid accidents to your neck
and back.

Mission Explorations
Find a gym which is equipped with trampolines and try to do spectacular
somersaults.
In the swimming pool, try to do somersaults in the water. How is it? Is it
more difficult?
Find a gym which is equipped with gymnastic rings. Can you do a roll? Do
you need your teacher’s help? Do you have enough strength in your arm
muscles?

Status Check: Have you updated your Mission Journal?
An ESA Mission X - Train Like an Astronaut Mission Handout

Train Like an Astronaut:
Adapted Physical Activity Strategies
Do a Spacewalk
YOUR MISSION
You will perform the “bear crawl” and “crab walk” to increase muscular strength and
improve upper and lower body coordination. You will also record observations about
improvements in muscular strength and upper and lower body coordination during this
physical experience in your Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 2.01.10.01 Understand variance in the progression of fundamental
motor skill performance among individuals with disabilities
Activity Specific Terms/Skills
Gross motor skills, mobility, dexterity, flexibility

SPACE RELEVANCE
Astronauts must develop muscular strength and coordination. In a reduced
gravity environment, astronauts are unable to walk like they do on Earth. Instead,
they coordinate their hands, arms, and feet to pull and push themselves from one
place to another. Whether inside a space vehicle or outside doing Extra Vehicular
Activities (EVA), strong muscles and coordination help astronauts move in space.

WARM-UP & PRACTICE
 se your hands to “walk the wall” (wall walk)
U
“Astronaut Walk” or “Dead Bug” (walk like on Moon or lay on the ground
and put one arm in air and opposite leg behind you)
Bird dog (get on all fours and put one arm in air and extend opposite leg
behind you)
Raise both arms above head, and then raise one arm at a time above head
Marching
Any type of bilateral and alternating movement (wrist, arms, legs)
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Suggested Adapted
Equipment:
Ab Wheel
Thera-bands
Swivel chair
SCOOTER

Do a Spacewalk
LET’S “TRAIN LIKE AN ASTRONAUT!”
Measure a distance of about 12 m (40 ft).
Bear Crawl:
Get down on your hands and feet (facing the floor) and walk on all fours
like a bear.
Try to travel the measured distance.
Rest for two minutes.
Repeat two times.
Crab Walk:
Reverse the “bear crawl.” Sit on the ground and put your arms and hands
behind you, knees bent and feet on the floor. Lift yourself off the ground
(facing upwards).
Try to travel the measured distance.
Rest for two minutes.
Repeat two times.
Record observations before and after this physical experience in your Mission Journal.

TRY THIS! Some ideas for Adapted Activity
Use an “ab wheel” to move forward
Move wheelchair foot rests, then using feet move forward in chair
Let performer self-propel wheelchair/walker
Permit partner to push/assist performer in wheelchair or with walker to use
hand over hand assistance for retrieval and placement of items
Use jump rope/rope to pull body through space (on scooter/carpet square)
Lengthen distance
Shorten distance
Include extensions/reach grippers to assist performers with limited range of
motion (ROM) or limb strength
Attach preferred items along the desired distance to motivate the walker
(toys, paper ribbons, stickers, balloons (if latex allergy does not exist), and
sound emitting items (bell/beeper ball)
Use verbal cues/caller, tether rope, sighted guide, or partner assistant to
direct performer along on space walk; mark area in colored tape or textured
boarder; color choice is dependent on performers needed
Provide sentence or visual picture/ physical demonstration in order of
instruction/steps to follow and complete task
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YOUR MISSION:

Do a Spacewalk!

You will perform the “bear crawl” and “crab walk” to increase muscular
strength and improve upper and lower body coordination. You will also
record observations about improvements in muscular strength and
upper and lower body coordination during this physical experience in
your Mission Journal.
Many activities require strength and coordination so you can
support your weight and move without falling over. When you ride
a skateboard, do push-ups, crawl across the ground, or lift your
backpack, you are developing muscular strength and coordination.
MISSION QUESTION: How could you perform a physical
activity that would increase muscular strength, as well as
improve upper and lower body coordination?
MISSION ASSIGNMENT:

Coordinated Strength Training

Measure a distance of about 12 m (40 ft).
Bear Crawl:
Get down on your hands and feet (facing the floor) and walk on
all fours like a bear.
Try to travel the measured distance.
Rest for two minutes.
Repeat two times.
Crab Walk:
Reverse the “bear crawl”. Sit on the ground and put your arms
and hands behind you, knees bent and feet on the floor. Lift
yourself off the ground (facing upwards).
Try to travel the measured distance.
Rest for two minutes.
Repeat two times.

Coordination:
Using your
muscles
together to
move your
body the way
you want it to.
Extra Vehicular
Activity (EVA):
Any human
movement
activity that
takes place
in space,
outside the
space vehicle,
commonly
called a
spacewalk.

Record observations before and after this physical experience
in your Mission Journal.
Follow these instructions to train like an astronaut.
www.trainlikeanastronaut.org
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DO A SPACEWALK!

It’s a Space Fact:
Just like you, astronauts must develop muscular strength and coordination. In a reducedgravity environment, astronauts are unable to walk like they do on Earth. Instead, they
coordinate their hands, arms, and feet to pull and push themselves from one place to
another. Before their mission, they practice these movements underwater with divers and
specialists at the Neutral Buoyancy Laboratory (NBL) in Houston, Texas. Whether inside
a space vehicle or outside doing Extra Vehicular Activities (EVA),
strong muscles and coordination help astronauts move in space.

Fitness Accelerations
Complete a 6m (20 ft) relay with other classmates. Travel the measured distance doing
the crab walk. Return to the starting place doing the bear crawl. Repeat three times.
Measure the distance for your student ahead of time or have the student’s
measure out the course themselves.
Increase the above acceleration by completing an 18 m (60 ft) relay.
Stress to your students that once they complete this acceleration they will have
traveled 36 m (118 ft).

Participating in
physical activities
that use your
arms and legs to
support your body
weight will help
your muscles
become stronger
and improve your
coordination.

Think Safety!

Continue the above acceleration. This time wear hand and ankle weights.

NASA engineers must design the surfaces of space vehicles
with an astronaut’s safety in mind. The surfaces must be free of
obstacles so it is safe to move around.
Avoid obstacles, hazards, and uneven surfaces.
Perform this activity only on a smooth surface to avoid injury to hands.
Stay an arms length distance between you and others while moving.
Look where you are going!
Remember that drinking plenty of water is important before, during,
and after physical activities.

Mission Explorations:
Try moving in a forward direction, then try backward. Do this for both the
bear crawl and the crab walk.
In the crab position, play team soccer with a large inflatable ball.
Set up a course to travel through.
Perform these activities as a relay team.
Keep your feet stationary and use your arms to move your body around in
a circle, like the hands of a clock.

Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

DO A SPACEWALK!
Learning Objectives

Students will
 perform the “bear crawl” and “crab walk” to increase muscular strength and improve upper and
lower body coordination.
 record observations about improvements in muscular strength and coordination during this
physical experience in the Mission Journal.

Introduction

In space, astronauts must be able to perform physical tasks that require muscle strength and
coordination. One task that certain astronauts must be able to complete is an Extra Vehicular Activity
(EVA), or spacewalk. Spacewalks allow a crew member to examine the outside of space vehicles (like
the space shuttle and the International Space Station) and make repairs or modifications to the vehicle
if necessary.
Although safely tethered to the space vehicle, the conditions under which a spacewalk is completed
can be long and strenuous for the crew member. An astronaut must manipulate his or her fingers within
large, thick gloves – sometimes for hours at a time. A spacewalk also involves coordinating arm and leg
movements to move around, or “translate”. Astronauts prepare for EVAs by practicing these strenuous
tasks and movements underwater at the Neutral Buoyancy Laboratory at NASA Johnson Space
Center. By training on Earth, crew members learn to rely on their upper body strength and coordination
to pull and secure themselves close to the vehicle and to complete their assigned tasks in space.
On Earth, muscle strength and coordination are important to being physically fit and help us perform a
variety of everyday tasks. An increase in muscular strength and coordination can be developed by
practicing exercises such as the “bear crawl” and the “crab walk”. Use the information below to help
administer the Fit Explorer Mission Handout and help your students train like an astronaut.

Administration

Follow the outlined procedure in the Do a Spacewalk! Mission Handout. The duration of this physical
activity can vary, but will average 25 minutes. In order for students to perform at their maximum
potential, positive reinforcement should be used throughout the activity.

Location

This physical activity should be conducted on a smooth, flat, and dry surface, at least 12 m (40 ft) in
length.
The use of a closely placed metronome may assist small groups in keeping cadence in the repetitions.

Set-up

Students should maintain an arms length distance from each other.
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Equipment



Mission Journal and pencil
tape measure or meter stick

Optional equipment:
o watch or stopwatch
For physical activity, students should wear loose-fitting clothing that permits freedom of movement.

Safety






The traveled surface should be smooth, flat, and dry as students will be placing their hands on
the floor.
Proper distance between students will ensure safety for hands and feet and will help prevent
collisions.
Proper hydration is important before, during, and after any physical activity.
Be aware of the signs of overheating.
A warm-up/stretching and cool-down period is always recommended.
For information regarding warm-up/stretching and cool-down activities, reference the Get Fit
and Be Active Handbook (ages 6-17) from the President’s Council on Physical Fitness and
Sports at http://wwwpresidentschallenge.org/pdf/getfit.pdf.

Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use descriptors to
verbally communicate their answers.
Use the following open-ended questions before, during, and after practicing the physical activity to
help students make observations about their own physical fitness level and their progress in this
physical activity:
 How do you feel?
 How far did you go?
 How does the “bear crawl” feel different from the “crab walk”?
 What do your arms and legs feel like now compared to when we first tried this physical activity
together?
 Where is the energy you are using coming from?
 Why might muscular strength and coordination be important for a spacewalk?
 If you were doing a spacewalk, do you think you would feel the same way as you do on Earth?
Some quantitative data for this physical activity may include:
 rate of perceived exertion (on a scale of 1-10)
 length of time activity was performed without rest
 distance traveled
 length of rest period
Some qualitative data for this physical activity may include:
 technique performance
 identifying soreness in body parts
www.trainlikeanastronaut.org
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identifying shakiness or muscle cramping

Collecting and Recording Data

Students should record observations about their physical experience developing muscular strength and
coordination in their Mission Journal before and after the physical activity. They should also record their
physical activity goals and enter qualitative data for drawing conclusions.
 Monitor student progress throughout the physical activity by asking open-ended questions.
 Time should be allotted for students to record observations about their experience in their
Mission Journal before and after the physical activity.
 Graph the data collected in the Mission Journal on the graph paper provided, letting students
interpret the data individually. Share graphs with the group.

Fitness Accelerations
 Complete a 6 m (20 ft) relay with other classmates. Travel the measured distance
doing the crab walk, then return to the starting place doing the bear crawl. Repeat
three times. Measure the distance for your student ahead of time or have the
student’s measure out the course themselves.
 Increase the above acceleration by completing an 18 m (60 ft) relay. Stress to your
students that once they complete this acceleration they will have traveled 36m
(118ft).
 Continue the above acceleration. This time wear hand and ankle weights. For safety
purposes, use 1-3lb ankle weights. Don’t allow weights to exceed 3lbs.
National Standards

National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies, and
tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and others in
physical activity settings
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or
social interaction.
National Health Education Standards (NHES) Second Edition (2006):
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication skills to
enhance health and avoid or reduce health risks.
o 4.5.1. demonstrate effective verbal and non-verbal communication skills to enhance
health.
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Standard 5: Students will demonstrate the ability to use decision-making skills to enhance
health.
o 5.5.4 Predict the potential outcomes of each option when making a health-related
decision.
o 5.5.6 Describe the outcomes of a health-related decision.
Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and
avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or improve
personal health.

National Initiatives and Other Policies
Supports the Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of
2004 and may be a valuable resource for your Student Health Advisory Council in implementing
nutrition education and physical activity.

Resources
For more information about space exploration, visit www.nasa.gov.
To learn about exercise used during past and future space flight missions, visit
http://hacd/jsc.nasa.gov/projects/ecp.cfm.
Access fitness-related information and resources at www.fitness.gov.
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html.
For guidelines for fluid replacement and exercise:
National Athletic Trainer’s Association (NATA)
 Fluid Replacement for Athletes (Position Statement)
http://www.nata.org/statements/position/fluidreplacement.pdf
For information on warm-up and cool-down stretches, visit:
American Heart Association (AHA)
 Warm-up and Cool-down Stretches
http://americanheart.org/presenter.jhtml?identifier=3039236
For information about rate of perceived exertion (RPE), visit:
Centers for Disease Control and Prevention (CDC)
 Perceived Exertion
http://www.cdc.gov/nccdphp/dnpa/physical/measuring/perceived_exertion.htm
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Train Like an Astronaut:
Adapted Physical Activity Strategies
Speed of Light
YOUR MISSION
You will perform a time reaction activity using a ruler to practice your hand-eye
reaction time and improve your concentration. You will collect, record, and analyze
data during the skill-based experience in your Mission Journal.

LINK TO SKILLS AND STANDARDS
APENS: 2.03.04.01
Understand how certain types of disabilities may affect reaction time
Modify activities to allow more or less processing time, as needed
Activity Specific Terms/Skills
Hand-eye coordination, fine-motor skills, communication, team work, reaction time

SPACE RELEVANCE
Reaction time can be improved with training. Operating the robotic arm on the
International Space Station (ISS) or landing the space shuttle requires crew
members to have quick reaction times. Crew members must also be prepared for
environmental hazards such as lighting and solar winds which could have a negative
impact on reaction times.
Space shuttle pilots used simulators on Earth to improve hand-eye coordination and
sharpen concentration skills. Experience has shown that shuttle pilots with better
hand-eye coordination and sharper concentration skills had more success landing the
shuttle after a 12 to 14 day mission.

WARM-UP & PRACTICE
Provide a stimulus to generate
reactionary response
Squeeze stress balls; squeeze and
release hands
Practice dropping or catching an
object
Wrist circles
www.trainlikeanastronaut.org

Catching a ball
Play catch
Passing a ball around
Running to pick-up objects and
bring back
Touch each other’s hands quickly
Play rock, papers, scissors

Suggested Adapted
Equipment:
Pool noodle
Yard stick
Tap lights

Speed of Light
LET’S “TRAIN LIKE AN ASTRONAUT!”
Instructions for individual or group play: (Adjust steps and procedures as appropriate
for participants)

You will complete this mission by yourself or with a leader.
One person will be the crew member and the other the trainer. You will sit or stand
directly across from each other. Progress towards two players independently playing.
The crew member will do the following:
Extend your dominant arm out in front of your body.
Make a fist with your hand, thumb side up.
Point your thumb and index finger forward, keeping them about 2 cm apart.
Use your index finger and thumb to catch the ruler immediately after it has
been released by the trainer.
The trainer will do the following:
Hold the ruler between the outstretched index finger and thumb of the crew
member’s dominant hand.
Line the top of the crew member’s thumb level with the zero centimeter line
on the ruler.
Without warning, release the ruler letting it fall between the crew member’s
thumb and index finger. When the crew member catches the ruler, determine
the distance between the bottom of the ruler and the top of the crew member’s
thumb.
Record the measurement in centimeters in your Mission Journal.
Repeat and record for a total of ten times.
Switch roles and repeat the procedure above for a total of ten trials.

TRY THIS! Some ideas for Adapted Activity

Use
a full-hand grip
Perform while seated or supported against a wall
Choose a yard stick or longer item
Select brightly colored objects, or ones with wide stripes to visibly measure
reaction speed
Try a slower moving object such as a plastic bag
Instead of catching the item, have participant drop an item (like a ruler or
noodle) at the same time as instructor
Pool noodle instead of yard stick
Tap light or sound emitting device
www.trainlikeanastronaut.org
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YOUR MISSION:

The Speed of Light

You will perform a time reaction activity using a ruler to practice your hand-eye
reaction time and improve your concentration. You will collect, record, and
analyze data during the skill-based experience on your Mission Journal.
Reacting quickly and having good concentration can be very important
in life. A quick hand-eye reaction time can allow you to catch something in
mid-fall. When you learn and/or practice a new skill, such as catching a ball,
crossing the street, riding a bicycle, or someday driving a car, you are working
on your concentration and your ability to react.

MISSION QUESTION: How can you perform a test and improve your
concentration and hand-eye reaction time?
MISSION ASSIGNMENT:

Hand-eye Reaction Training

You will complete this mission with a partner.
One will be the crew member the other the trainer.

1

2

3

4

5

6

You will sit or stand directly across from each other. Your teacher
will give you specific instructions.
The crew member will do the following:
Extend your dominant arm out in front of your body.
Make a fist with your hand, thumb side up.
Point your thumb and index finger forward, keeping them
about 2 cm apart.
Use your index finger and thumb to catch the ruler immediately after
it has been released by the trainer.
The trainer will do the following:
Hold the ruler between the outstretched index finger and thumb of the
crew member’s dominant hand.
Line the top of the crew member’s thumb level with the zero
centimeter line on the ruler.
Without warning, release the ruler letting it fall between the crew
member’s thumb and index finger. When the crew member catches the
ruler, determine the distance between the bottom of the ruler and the
top of the crew member’s thumb.
Record the measurement in centimeters in the Mission Journal.
Repeat and record for a total of ten times.
Switch roles and repeat the procedure above for a total of ten trials.
Measure each time score using the Distance and Time chart.
Note: There are 1,000 milliseconds (ms) in 1 second.
Record your best time in the Mission Journal.

With practice
and concentration
you can improve
your hand-eye
coordination which
will increase your
reaction time. This
will prepare you to
react when something unexpected
happens. This is
especially important
if you can prevent
an accident.

Record observations before and after this skill-based experience in
your Mission Journal.
Follow these instructions to train like an astronaut.
www.trainlikeanastronaut.org
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THE SPEED OF LIGHT

It’s a Space Fact:
In preparation for space travel, astronauts invest many hours with NASA ASCR’s and
instructors to practice their hand-eye reaction time. Operating the robotic arm on the
International Space Station (ISS) or landing the space shuttle requires crew members
to have quick reaction times. Crew members must also be prepared for environmental
hazards such as lighting and solar winds which could have a negative impact on
reaction times. Fatigue, physical stamina and noise levels can also have a detrimental
effect on an astronaut’s reaction time. One responsibility of space shuttle pilots is to
safely land the shuttle at the end of the mission. Pilots must practice landing techniques
before they go into space. They use simulators on Earth to improve hand-eye
coordination and sharpen concentration skills. Experience has shown that
shuttle pilots with better hand-eye coordination and sharper
concentration skills have more success landing the shuttle after
a 12 to 14 day mission.

Fitness Acceleration
Squeeze a stress relief ball 15 times and then try the Speed
of Light activity. Did this affect your time? Explain.
Ride in an elevator while doing the ruler catch activity. Did
this affect your reaction time? Explain.
Do twenty jumping jacks and then try the Speed of Light
activity. Did this affect your reaction time? Explain.

Robotic arm:
A programmable,
robot manipulator,
that has functions
similar to a
human arm.
Fatigue:
A lack of energy.
Trials:
The act or process
of trying and testing.
ASCR:
Astronaut Strength,
Conditioning, and
Rehabilitation
Specialists; a
fitness specialist
that provides
training pre- and
post-flight for
NASA astronauts.

Think Safety!

Dominant:
A part of the body
that instinctively
takes the lead
over another.

Researchers and NASA ASCR’s work with the astronauts by providing
a safe environment to practice and master skills so astronuats are not
injured. You must always practice safety!
Sit or stand in a comfortable position during this activity.
Use tools and equipment in the appropriate manner for this activity.
Avoid obstacles, hazards, and uneven surfaces.
Wear appropriate clothes and shoes that allow you to move freely
and comfortably.

Mission Explorations:
Practice a video or computer game that requires quick decision making.
Participate in quick-moving sports such as volleyball, tennis, table-tennis,
or racquetball.
Visit an internet site approved by your teacher that has a reaction time test.
Some involve changing lights, sounding buzzers, and even driving cars.
Status Check: Have you updated your Mission Journal?

Mission X: Train Like an Astronaut

THE SPEED OF LIGHT

Learning Objectives
Students will:
 perform a time reaction activity using a ruler to practice your concentration and improve
your hand-eye reaction time; and
 record observations about improvements in this skill-based experience in the Mission
Journal.

Introduction
Have you ever played a quick moving sport such as basketball, tennis, or racquetball? As in
most sports, these physical activities require you to be quick on your feet and stay focused.
Thinking quickly about your next move takes a lot of practice and dedication to improve your
game.
Each time you practice a sport or engage in physical activity, you are improving your reaction
time. Reaction time is how fast you can respond to a stimulus. A stimulus can be a noise or
something you feel or see. Astronauts practice their mission duties on Earth to improve reaction
time and concentration and be prepared for their mission
NASA has a variety of environments where astronauts train for their missions. They often
simulate unforeseen situations and events to help the astronauts practice reaction time and
concentration in space. Astronauts preparing for Extra-Vehicular Activities (EVAs) or robotic arm
operations test their skills in the Virtual Reality Laboratory (VR) at Johnson Space Center (JSC).
In a virtual reality microgravity environment, astronauts, wearing special gloves, video display
helmets, chest packs, and controllers, learn how to orient themselves in outer space. In space,
up and down are not recognized and even a minor tweaks with a thruster can send someone
spinning off into space. In the VR Lab, astronauts can safely practice dangerous events such as
self-rescue techniques during an EVA. Practicing their reaction time here on Earth will help the
EVA astronauts have successful EVAs in space.
The Jake Garn Training Center at the Johnson Space Center is a training facility where
astronauts prepare for space shuttle operations. A motion-based trainer simulates the
vibrations, noise, and views that the astronauts experience during a space shuttle launch or
landing. The Jake Garn facility also houses a functional space station simulator, which
familiarizes astronauts with the laboratory systems of the International Space Station (ISS).
Space shuttle and ISS trainers and instructors in this facility introduce the astronauts to various
situations that they may face during their missions. Space shuttle pilots know the importance of
reaction time and concentration, because they are required to land the space shuttle safely.
Pilots practice on Earth in space shuttle simulators for many hours. They are presented various
landing situations and they must practice to be able to land the space shuttle successfully.
Therefore, astronauts must depend on their reaction time and concentration in order to have a
successful shuttle landing.
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Administration
Follow the outlined procedure in The Speed of Light Mission Handout. The duration of this
physical activity can vary, but will average 10-15 minutes per class. In order for students to
perform at their maximum potential, positive reinforcement should be used throughout the
activity.

Location
This physical activity should be conducted on a flat, dry surface. It could be done in the
classroom with limited distractions.

Set-up




If sitting, position two chairs directly across from each other. One chair for each student
in a team of two.
Give each student their mission handout either on a clip board or have them sit close to
a desk to place their mission handout on while they are engaged in the activity.
Print or display a copy of the Distance and Time Chart. (Appendix A)

Equipment



Mission Journal and pencil
Metric rulers – wood, hard plastic, or metal

Safety





Sit or stand in a comfortable position during the activity
Use tools and equipment in the appropriate manner for this activity.
Avoid obstacles, hazards, and uneven surfaces.
Wear appropriate clothes and shoes that allow you to move freely and comfortably.

Monitoring/Assessment
Ask the Mission Question before students begin the physical activity. Have students use
descriptors to verbally communicate the answers.
Use the following open-ended questions before, during and after practicing the skill-based
activity to help students make observations about their own skill level and their progress in this
skill-based activity:




Are your trial scores improving as you are practicing?
Was your first and last trial different? If they were, what do you think played a factor in
making both trials different?
If your reaction time did not increase, what can you do to make your reaction time
faster?

Some quantitative data for this physical activity may include:
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changes in trial scores
how many trials were performed over the course of the class

Some qualitative data for this physical activity may include:
 environmental factors
 student fatigue level
 identifying soreness in body parts

Collect, Record, and Analyze Data
Students should record observations about their skill-based experience in their Mission Journal
before and after the activity. They should also record their skill-based goals and enter qualitative
data for drawing conclusions.
 Monitor student progress throughout the skill-based activity by asking open-ended
questions.
 Time should be allotted for the students to record observations about their experience in
their Mission Journal before and after the skill-based activity.
 Graph the data collected in the Mission Journal on the graph paper provided, letting
students analyze the data individually. Share graphs with the group.
 Find a mean, median, and mode of your reaction times.
Apply mathematics! Convert the centimeters to millimeters.
http://www.onlineconversion.com/length_common.htm
Students should practice the Mission Handout physical activity several times before progressing
or trying the related Fitness Accelerations and Mission Explorations.

Fitness Acceleration




Squeeze a stress relief ball 30 seconds and then try the Speed of Light activity. Did this
affect your reaction time? Explain.
Ride in an elevator while doing the ruler catch activity. Did this affect your reaction time?
Explain.
Do twenty jumping jacks, and then try the Speed of Light activity. Did this affect your
reaction time? Explain.

Mission Explorations




Practice a video or computer game that requires quick decision making.
Participate in quick-moving sports such as volleyball, tennis, table-tennis, or racquetball.
Visit an internet site approved by your teacher that has a reaction time test. Some
involve changing lights, sounding buzzers, and even driving cars.

www.trainlikeanastronaut.org
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National Standards
National Physical Education Standards:
 Standard 1: Demonstrates competency in motor skills and movement patterns needed to
perform a variety of physical activities.
 Standard 2: Demonstrates understanding of movement concepts, principles, strategies,
and tactics as they apply to the learning and performance of physical activities.
 Standard 3: Participates regularly in physical activity.
 Standard 4: Achieves and maintains a health-enhancing level of physical fitness.
 Standard 5: Exhibits responsible personal and social behavior that respects self and
others in physical activity settings.
 Standard 6: Values physical activity for health, enjoyment, challenge, self-expression,
and/or social interaction.
National Health Education Standards:
 Standard 1: Students will comprehend concepts related to health promotion and disease
prevention to enhance health.
o 1.5.1 Describe the relationship between healthy behaviors and personal health.
 Standard 4: Students will demonstrate the ability to use interpersonal communication
skills to enhance health and avoid or reduce health risks.
o 4.5.1. Demonstrate effective verbal and non-verbal communication skills to
enhance health.
 Standard 5: Students will demonstrate the ability to use decision-making skills to
enhance health.
o 5.5.4 Predict the potential outcomes of each option when making a health related
decision.
o 5.5.6 Describe the outcomes of a health related decision.
 Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance
health.
o 6.5.1 Set a personal health goal and track progress toward its achievement.
 Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors
and avoid or reduce health risks.
o 7.5.2 Demonstrate a variety of healthy practices and behaviors to maintain or
improve personal health.
National Science Education Standards:
Standard F: Science in Personal and Social Perspectives
 Personal health (K-8)
Standard B: As a result of the activities in grades K-4, all students should develop an
understanding of:
 Properties of objects and materials
 Position and motion of objects

www.trainlikeanastronaut.org
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National Initiative
Local Wellness Policy, Section 204 of the Child Nutrition and WIC Reauthorization Act of 2004
may be a valuable resource for your Student Health Advisory Council in implementing nutrition
education and physical activity.

Resources
For more information about space exploration, visit www.nasa.gov.
To learn about exercise used during past and future space flight missions, visit
http://hacd.jsc.nasa.gov/projects/ecp.cfm
Access fitness-related information and resources at www.fitness.gov
View programs on health and fitness:
Scifiles™ The Case of the Physical Fitness Challenge
http://www.knowitall.org/nasa/scifiles/index.html.
NASA Connect™ Good Stress: Building Better Bones and Muscles
http://www.knowitall.org/nasa/connect/index.html
NASA Connect™ The Right Ration of Rest: Proportional Reasoning:
http://www.knowitall.org/nasa/connect/index.html
NASA Connect™ Better Health From Space to Earth
http://www.knowitall.org/nasa/connect/index.html

Credits and Career Links
Lesson development by the NASA Johnson Space Center Human Research Program Education and
Outreach team. Special thanks to the subject matter experts who contributed their time and knowledge to
this project.

Bruce Nieschwitz, ATC, LAT, USAW
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
David Hoellen, MS, ATC, LAT
Astronaut Strength, Conditioning & Rehabilitation (ASCR) Specialists
NASA Johnson Space Center
http://www.wylelabs.com/services/medicaloperations/ascr.html
John Dewitt
Biomechanist, Exercise Physiology Laboratory
NASA Johnson Space Center
Carwyn Sharp, Ph.D.
Scientist, Biomedical Research & Countermeasures Projects
NASA Johnson Space Center
Linda H. Loerch, M.S.
Manager, Exercise Countermeasures Project
NASA Johnson Space Center
http://hacd.jsc.nasa.gov/projects/ecp.cfm
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Appendix A

Distance

Time

5 cm (2 in)

100 ms (0.10 sec)

7.5 cm (3 in)

120 ms (0.12 sec.)

10 cm(4 in)

140 ms (0.14 sec)

12.5 cm(5 in)

160 ms(0.16 sec)

15 cm(6 in.)

180 ms (0.18 sec)

17.5 cm(7 in)

190ms (0.19sec)

20 cm (8 in)

200 ms (0.20 sec)

22.75 cm (9 in)

220ms(0. 22 sec)

25.5 cm (10 in)

230 ms (0.23 sec)

27.5 cm (11 in)

240 ms (0.24 sec)

30.5 cm. (12 in.)

250 ms. (0.25 sec.)
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Mission X: Train Like an Astronaut

Taste in Space
EDUCATOR SECTION (PAGES 1-6)
STUDENT SECTION (PAGES 7-15)

Ages: 8-12
Topic: Senses and Making Observations
Time: 1-2 class periods
Standards: This activity is aligned to national standards
in science, technology, health and mathematics.
For example: Next Generation Science Standards:
3-5-ETS1-3 Plan and conduct an investigation,
4-LS1-2 Use a model for information through senses
Common Core State Standards: W.5.9 Draw
evidence from literary or informational texts

In this activity, students will investigate
and discover variables that affect their
own sense of taste.

Background
For astronauts, all their food and drink needs to be carried to the
International Space Station (ISS). Eating is an important part of crew
morale and the one communal time when they share both a meal and
talk with each other. From the early 1960s, astronauts found that their
taste buds did not seem to be as effective when they were in space.
Why does this happen in space? This is because fluids in the body
get affected by the reduced gravity conditions (also called fluid shift).
On Earth, gravity acts on the fluid in our bodies and pulls it into our
legs. In space, this fluid is distributed equally in the body.
The Expedition 37 crew are imitating the photo taken
This change can be seen in the first few days of arriving in space
when astronauts have a puffy face as fluid blocks the nasal passages. on Einstein’s 72nd birthday in 1951, by United Press
International photographer Arthur Sasse.
The puffy face feels like a heavy cold and this can cause taste to be
affected in the short term by reducing their ability to smell. After a few
days the fluid shift evens out as the human body adapts. In the long term, it could also be that in the confines of
such a small space like the space station, the food competes with other odours in the station (e.g. body odours,
machinery) that could also ‘dull’ the sense of taste. The sense of smell is very important to tasting food.
But….
When food seems to lose its flavour, astronauts usually ask for condiments, such as hot sauces, to give food
some intensity of taste. A variety of condiments are available for the crewmembers to add to their food such as
honey, and sauces like soy sauce, BBQ, and taco.

Lesson Objectives. Students will:
• conduct an experiment to see where on the tongue they can identify
4 of the 5 basic taste sensations;
• conduct a series of taste experiments to appreciate the
different senses which influence taste;
• learn how an astronaut experienced the changes in taste intensity
before and during a mission;
• learn how reduced gravity affects the human body.
www.trainlikeanastronaut.org

To use with student engagement section:
Some examples of opening questions for students
may be: How do you feel when you try to taste
something when you are ill and have a heavy cold?
If something smells not so pleasant, are you likely
to want to taste it? Think of a type of food in which
this may have had an effect on you? Why do you
think the smell of baking has a positive effect on
your hunger?
HREC CB 2102014
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Problem: Can I compare taste sensations on Earth and in space?
FOOD SAFETY!! Remind students of the importance of classroom and lab safety. Send home a
letter with students to notify parents that food tasting will take place and any student with allergies will
be given another task. Parents must grant authorization for their child to participate. Make sure to
follow the district or school’s food allergy management policy and use clean glassware or disposable
containers. This activity is in 2 parts and requires proper clean-up. For guidelines and information
about schools and food allergies please read http://www.cdc.gov/healthyyouth/foodallergies/index.htm.

Part 1 - Explore
Mapping your tongue and exploring taste buds!
Background: Receptors – how we taste
When you look at your tongue, you should be able to see small bumps – these are the taste buds (called papillae)
which contain the taste receptors. There are four basic types of taste receptors for the following flavours: (1) sweet,
as produced by table sugar; (2) sour, as produced by vinegar; (3) salty, as produced by table salt; and (4) bitter, as
produced by caffeine or quinine. A fifth taste called umami (savory in Japanese) is identified in flavours such as soy
sauce and miso soup.
The location on the tongue’s surface of each of these taste receptors varies between people. While it was once
hypothesized that the locations of the receptors were found in certain zones, the current understanding is that
these locations somewhat overlap.
Pre-lesson Preparation: The day of the lesson
• 4 clean containers, at least 1 L in size, labelled 1 to 4
• In container 1, mix 1 litre of water with 5 teaspoons salt to make a salty solution
• In container 2, mix 1 litre of water with 15 teaspoons of sugar to make a sweet solution
• In container 3 add commercial lemon juice
• In container 4 add commercial grapefruit juice
Materials needed
• A supply of drinkable water available in cups
• 4 clean containers, at least
• A small hand mirror and magnifying glass
1 L in size, labelled 1 to 4
•
Salt
Procedure:
• Sugar
1. Before starting the experiment ask each student to examine their tongue
• Lemon Juice
with the mirror and magnifying glass. Ensure the edges of the mirror and
• Grapefruit Juice
glass are not sharp. They should note what they see and feel.
• Drinkable water
2. Each group collects 4 cups, 4 droppers, and a black marker.
• Plastic Cups
3. Label cups 1-4. Pour solutions from each container to the labelled cups.
4. One student in each group does the tasting and one can give the test
Per Group of 2
solution. They can take turns being tasters keeping care not to cross
• 4 small disposable cups +
contaminate the droppers.
water to rinse mouth
5. Each taster sticks their tongue out, receives about 4 to 5 drops of the
•
4 droppers
liquid on the tongue, and after a few seconds states what they can taste
• 1 marker
and where on the tongue the taste seems to be most strongly identified.
• Student worksheets
This is marked on the map of the tongue on their student sheet.
• Small hand mirror and
6. Students should rinse out their mouth between each tasting.
magnifying glass
7. At the end of the experiment discuss what tastes they were able to identify
and where they seem to ‘taste’ them on the tongue.
www.trainlikeanastronaut.org
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Explain:
1. Fill out the tongue map for your results. [Answer: maps may vary between students.]
2. Which tastes could you identify? [Results will vary.]
3. Was there a difference in the intensity of the tastes? Use a scale of 0-10 to estimate
the intensity of taste. (0 is no taste, 10 is maximum taste intensity) [Results will vary.]
4. Compare your results with other teams. [Results will vary.]

Student Data tables and tongue maps are located in the Student Section.
A sample is below:
Which tastes were you able to identify?
Liquid 1_______________________________________
Liquid 3_______________________________________
Record of the class results:
Taste
Describe where
on tongue each
flavour is tasted

Bitter

Liquid 2_______________________________________
Liquid 4_______________________________________

Sour

Sweet

Salty

SUGGESTED PLACE TO STOP ACTIVITY. RESUME DURING NEXT CLASS.

Part 2 – Explore
How do I taste food? Is this the same as in reduced gravity?
Pre-lesson Preparation:
• Gather the following foods:
– Applesauce
– Mushroom soup
– Blueberry/raspberry yogurt
– Black coffee (can be decaffeinated) or grapefruit juice
– Chocolate drink
– Orange juice
• Place a sample of each food in a container and cover with
lid. For safety, store foods such as yogurt and mushroom
soup at refrigerated temperatures. When testing, use the
food close to room temperature so temperature will not influence results.
• Label each container 1 to 6.
• Make sure students are not aware of the content or smell the food.
Allow 30 minutes for this task
www.trainlikeanastronaut.org

Materials needed
Per class:
• Computer with Internet
access
• LCD projector
Per Group of 2:
• 6 closed containers with
food items
• 3 droppers or syringes plus
3 plastic spoons
• Water (to rinse out mouth)
• Blindfold
• Pair of disposable gloves
(optional)
• Student sheet and data
sheet for the activity
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Procedure:
Divide the class into Crew A - tasters and Crew B - those who will help with the preparation of the food.
1. Ask students to form groups of 2 and to sit appropriate distances apart so tasting can begin.
2. One student wears the blindfold (Crew A) and one gives the food (Crew B) and can write down the observations.
3. Crew A, now blindfolded, pinches his/her nose and sticks out their tongue. A small amount of the food is placed
on the top of the tongue and moved along the surface of the mouth. Immediately afterward, Crew A should
release his or her nose. Crew A compares the intensity of the taste when the nose is pinched with when the nose
is released. [Note: remind students to not swallow until after nose is released]
4. The observations are noted on the data sheet. The mouth is rinsed with water, swallowed and the next food item
is offered.
5. For liquids, use a dropper to gently squirt 4 to 5 drops over the surface of the tongue or offer with a cup to
take a sip.
6. The results can be compared between when the nose is open and nose is closed to draw conclusions about the
relationship between the sense of smell and taste. Student comparisons can be made after filling in data for the
entire class.

Explain:
Sample data table is below. The full table is located in the student section.
Data sheet for Taste in Space
Name of Student:
Food Sample

With nose
With nose
closed
closed
Taste description Intensity (0-10)

With nose
With nose
open
open
Taste description Intensity (0-10)

Identified
food? (Yes/No)

Container 1

Show the students the video clip of Taste in Space (http://trainlikeanastronaut.org/media) and have them read
the student reading section on page 11. Generate discussion about why the astronauts float in space and what
happens to their body fluids, which can lead to changes in how they taste. Point out that everything on the ISS has
to be attached (with hook and loop fasteners such as Velcro) – otherwise it would float away like the astronaut’s
water bottle.
1. What is known as “fluid shift?” [While on Earth, gravity causes most of the body’s fluids to be distributed
below the heart. In contrast, living in space with less gravity allows fluids in the body to spread equally
throughout the body.]
2. Humans have been on the moon before, and space agencies are discussing sending humans to Mars. How
might fluid shift be different between floating in the ISS and standing on the moon, Earth and Mars?
[Mars has more gravity than the moon and thus fluid shift throughout the body will be less. For the strength
of gravity at these locations, Earth has the most gravity, followed by Mars and then the moon. Mars has
about 37% the gravity of Earth and the moon has about 16% the gravity of Earth. Astronauts on the ISS
have no gravity effect so the fluid shift on ISS will be the most.]
3. You are asked to recruit students to participate in a taste test for a major food company in your country.
Would you allow people to participate who had colds? Why or why not? [Answers will vary]
www.trainlikeanastronaut.org
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Evaluate:
1. How do the floating astronauts keep themselves and their food secure in the special weightless environment
of space? [They use hook and loop fasteners, sliding their feet under bars attached to the station, etc.]
2. Explain the purpose of using a blindfold and pinching the nose before tasting. [Vision and smell affect taste.]
3. Suggest a reason for rinsing the mouth between each tasting. [Rinsing the mouth will help the previously
tested flavour to not affect the other taste tests.]
4. Were you able to identify the flavours with the nose pinched or without? Why do you think this happens?
[Answers will vary. Smell does influence the intensity of taste.]
5. In the video, was the astronaut able to identify any of the tastes? – remember this is normal astronaut food
and drink so she would have eaten and drunk this every day while in space. What are some reasons why her
taste was affected? [When first in space, fluid shift in the body creates a condition similar to having a closed,
or stuffy, nose. This improves over time living in space. When the nose was pinched, astronauts could not
taste the foods and this is similar to on Earth.]

Elaborate:
Look at the results of another astronaut who did the same testing of the foods while in space. The astronaut
data is in the table below. Analysing the tongue map and the results from your class and astronauts, answer the
following:
1. Are there any situations on Earth where your body may change that would influence how you taste? Would
that simulate the changes the astronauts noticed? [Having a head cold, suffering from allergies, etc.]
2. Why are there differences in the intensity of the flavours when tasted by the astronaut on the ground and in
space? [Fluid shift from being in space affects astronauts’ sense of smell, which influences the intensity of
the flavours.]
3. Your group is now made up of space scientists. What would you do differently to improve this scientific
experiment? [Answers will vary.]
4. Do you use any condiments for your own food at home? Which ones, and why? Explain why most
astronauts add condiments to their space food. [Answers will vary. Astronauts typically use condiments to
add extra flavour to their food.]

Astronaut Taste Data

Astronaut 1

Astronaut 1

Astronaut 2

Ground Tasting

Space Tasting

Ground Tasting

Intensity
Identified?
(0=none, Identified?
Yes/No Flavour (salty, sweet, etc.) 10=max)
Yes/No Flavour (salty, sweet, etc.)

Applesauce

Intensity
(0=none,
10=max)

Sweet

6

Y

Sweet and Fruity

4

Y

Apple sauce taste

5

Salty

6

N

Very salty

7

Y

Saltier

7

N

Hard to tell, slightly sweet

4

N

Smooth and bland

2

Y

Fruit yogurt

7

Y

Think chocolate due to
sweetness

6

Y

Full-bodied and sweet

6

Y

High on sweetness

6

N

Sharp and bitter, very
unpleasant

8

Y

Little bitter

7

N

Guessed it as 'grapefruit
juice'

Y

Fruity, not very sweet,
bitter/sour taste

5

Y

Cream of Mushroom
Soup

(Chicken
soup)

Blueberry/Raspberry
Yoghurt
Chocolate
Breakfast Drink

Intensity
(0=none, Identified?
10=max)
Yes/No Flavour (salty, sweet, etc.)

Black Coffee

(Green
tea)

Orange Juice

(Citrus
juice)

A sharp taste
Tart

www.trainlikeanastronaut.org
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Extend: Social aspect of eating:
On the ISS there are astronauts from many different
countries. Different countries have different cultures
and that means the foods are varied, which adds to the
variety of flavours. As the crew members are busy with
many activities aboard the ISS it is important that they
get together at least for meals. Think of your own lunch
time and dinner times – what is important about these
times for you? Is getting together and sharing, talking
about what is happening in class/school etc. important
to you? This time is also used to connect with friends. It
makes us feel good to be part of a team/group. When
we feel better, we can perform better.
Watch the video of astronaut Frank de Winne talk about
the importance of dinnertime on the ISS and come up
with your own reasons why this is important for you too.

Expedition 20 crewmembers share a meal in the Unity node of the
International Space Station. Pictured from the left are Japan Aerospace
Exploration Agency (JAXA) astronaut Koichi Wakata, flight engineer;
cosmonaut Gennady Padalka, commander; cosmonaut Roman Romanenko
and ESA astronaut Frank De Winne, both flight engineers.

Astronaut Frank de Winne talks about food on the ISS [Scroll down the lesson to the video ‘Eating and drinking on
the ISS’ in the link]: http://www.esa.int/Our_Activities/Human_Spaceflight/Lessons_online/Life_in_Space

Useful Websites for Further Information
Eating in Space
http://www.esa.int/esaKIDSen/SEMBQO6TLPG_LifeinSpace_0.html
http://www.nasa.gov/centers/johnson/slsd/about/divisions/hefd/facilities/space-food.html
Supply ship to ISS: To learn about how food gets to the ISS
http://www.esa.int/Our_Activities/Human_Spaceflight/ATV
http://www.nasa.gov/mission_pages/station/structure/assembly_elements.html
http://www.spacex.com/dragon
http://www.jaxa.jp/projects/rockets/htv/index_e.html
Café ISS
http://spaceflight.nasa.gov/station/crew/exp7/luletters/lu_letter3.html
http://science.howstuffworks.com/nasa-space-food-research-lab.htm
This video on the NASA website can be located under Our World videos called Fluid Shift
http://www.nasa.gov/audience/foreducators/nasaeclips/search.html?terms=&category=1000

www.trainlikeanastronaut.org
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Mission X: Train Like an Astronaut

Taste in Space
Student Section
Problem: Can I compare taste sensations on Earth and in space?

?

Engage:

Did you know?
Taste intensity may vary for
each person. For example, some of your
friends may taste the bitterness of medication
more intensely than others.
http://www.ncbi.nlm.nih.gov/pubmed/18712160

When you put some food into your mouth, think of all the senses
that come into play before you taste the food.
• Discuss this with your group and make a list.
• What tastes can you identify from food?

Part 1 - Explore
Mapping your tongue and exploring taste buds!
With your group:
STAY HEALTHY!! Before handling any food products, please thoroughly wash your hands.
FOOD SAFETY!! Each member of the group can taste the liquids (unless you are allergic to some
foods, in which case your teacher will assign you a different job).

Look at all the
different tongues on
these astronauts!
- What does your tongue
look like?
- D
 oes it look like one of the
astronauts' tongues?

In this 2013 picture, the Expedition 37 crew are imitating the photo taken on Einstein’s 72nd
birthday in 1951, by United Press International photographer Arthur Sasse.
www.trainlikeanastronaut.org
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Procedure:
1. Before you begin tasting, examine your tongue using the magnifying glass and mirror. Make a note of what you
see and feel.
2. Collect 4 cups, 4 droppers, and a black marker.
3. Label cups 1-4. Pour solutions from each container to the labelled cups.
4. One student in each group does the tasting and one can give the test solution. Take turns being tasters keeping
care not to cross contaminate the droppers.
5. Each taster sticks their tongue out and receives about 4 to 5 drops of the liquid on the tongue. After a few
seconds, describe what you can taste and where on the tongue the taste seems to be most strongly identified.
This is marked on the map of the tongue on your student sheet.
6. Rinse out your mouth with water between each tasting.
7. At the end of the experiment, discuss what tastes you were able to identify and where they seem to ‘taste’ on
the tongue.

Explain:
Mapping of tongue: Label on the tongue where you tasted each flavour.

	
  

1. Which tastes were you able to identify?
Liquid 1_______________________________________

Liquid 2_______________________________________

Liquid 3_______________________________________

Liquid 4_______________________________________

2. Record of the class results:
Taste
Describe where
on tongue each
flavour is tasted

Bitter

www.trainlikeanastronaut.org

Sour

Sweet
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Part 2 – Explore
How do I taste food? Is this the same as in reduced gravity?
In this lesson, you will try to identify foods (similar to the ones tried by astronauts) by first pinching your nose and
then releasing your nose. The tasting will be done blindfolded. Remember in Part 1 you were able to identify 4 of
the basic tastes: salty, sour, sweet and bitter.
Materials needed Per Group:
• 6 covered containers labelled 1 to 6
• 3 droppers or syringes and 3
plastic spoons
• Water (to rinse out mouth)

• Blindfold
• Pair of disposable gloves (optional)
• Student sheet and data table for
the activity

Procedure: If possible, work in groups of two people
1. One student wears the blindfold (Crew A), one gives the food (Crew B) and can write down the observations.
2. Crew A: When you are ready, put on your blindfold. Pinch your nose and stick out your tongue.
3. Crew B: Place a small amount of food on the top of Crew A’s tongue, and gently move it along the surface of
the mouth.
4. Crew A: Once the food is in your mouth, release your nose and describe what you taste and how intense is the
taste with your nose open and closed. Use a scale of 0-10 to estimate the intensity of taste. (0 is no taste, 10
is maximum taste intensity)
5. Note the observations on the data sheet. The mouth is rinsed with water, swallowed and the next food item is
offered.
6. For liquids, use a dropper to squirt gently 4 to 5 drops over the surface of the tongue or offer with a cup to take
a sip.
7. When Crew A has tasted all the items, look at the results with the nose open and closed. Collect the class
results and draw a bar graph or other graph to show the results.
8. Comment on any differences you notice in taste when the nose was pinched and suggest reasons for the
differences.

www.trainlikeanastronaut.org
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Data sheet for Taste in Space
Name of Student:
Food Sample With nose closed With nose closed With nose open With nose open Identified
Taste description
Intensity (0-10)
Taste description Intensity (0-10)
food? (Y/N)
Container 1
Container 2
Container 3
Container 4
Container 5
Container 6

Class Results:
Food Sample With nose closed With nose closed With nose open With nose open Identified
Taste description
Intensity (0-10)
Taste description Intensity (0-10)
food? (Y/N)
Container 1
Container 2
Container 3
Container 4
Container 5
Container 6

www.trainlikeanastronaut.org
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Student reading section:
For astronauts, all their food and drink needs to be carried to the International Space Station (ISS). Eating is an
important part of crew morale and the one communal time when they share both a meal and talk with each other.
The reduced gravity conditions on the ISS and the confined space means that there are physiological and
environmental effects when it comes to being able to enjoy the taste of food.
From the early 1960s astronauts found that their taste buds did
not seem to be as effective when they were in space. Why does
this happen in space? This is because fluids in the body get
affected by the reduced gravity conditions (also called fluid shift).
On Earth, gravity acts on the fluids in our bodies and pulls it into
our legs. In space, this fluid is distributed equally in the body.
This change can be seen in the first few days of arriving in
space as astronauts have a puffy face as fluid blocks the nasal
passages and reduces their ability to smell. After a few days the
fluid shift evens out as the human body adapts.
The puffy face feels like a heavy cold and this can cause taste to
be affected in the short term. But in the long term, it could be that in the confines of such a small space like the
space station, the food competes with other odours in the station (e.g. body odours, machinery). This could also
‘dull’ the sense of taste. The sense of smell is very important to tasting food.
Food seems to lose its flavour, which may be due to the competing odours and fluid shift so astronauts usually
ask for condiments such as hot sauces to give the food some intensity of flavour. A variety of condiments are
available for the crewmembers to add to their food such as honey, and sauces like soy sauce, BBQ, and taco.

Explain:
1. What is known as “fluid shift?”

2. Humans have been on the moon before, and space agencies are discussing sending humans to Mars. How
might fluid shift be different between floating in the International Space Station and standing on the surface of
the moon and Mars?

3. You are asked to recruit students to participate in a taste test for a major food company in your country. Would
you allow people to participate who had colds? Why or why not?

www.trainlikeanastronaut.org
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Evaluate:
1. How do the floating astronauts keep themselves and their food secure in the special weightless
environment of space?

2. Explain the purpose of using a blindfold and pinching the nose before tasting?

3. Suggest a reason for rinsing the mouth between each tasting.

4. Were you able to identify the flavours with the nose pinched or without? Why do you think this happens?

5. Was the astronaut able to identify any of the tastes? – remember this is normal astronaut food and drink so she
would have eaten and drunk this every day while in space. What are some reasons why her taste was affected?

Elaborate:
Look at the set of results of another astronaut who did the same testing of the foods before they went into space.
You will notice that just like your class results, everyone tastes differently depending on the sensitivity of their taste
buds. We all have taste receptor distributions which are varied for the majority of the population - your tongue
maps will show this.
1. Are there any situations on Earth where your body may change that would influence how you taste? Would that
simulate the changes the astronauts noticed?

2. Why are there differences in the intensity of the flavours when tasted by the astronaut on the ground and in
space?

3. Your group is now space scientists. What would you do differently to improve this scientific experiment?

4. Do you use any condiments for your own food at home? Which ones, and why? Explain why most astronauts
add condiments to their space food.

www.trainlikeanastronaut.org
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Extend: Social aspect of eating:
On the ISS there are astronauts from many different
countries. Different countries have different cultures
and that means the foods are varied, which adds to the
variety of flavours. As the crew members are busy with
many activities aboard the ISS it is important that they
get together at least for meals. Think of your own lunch
time and dinner times – what is important about these
times for you? Is getting together and sharing, talking
about what is happening in class/school etc. important
to you? This time is also used to connect with friends. It
makes us feel good to be part of a team/group. When
we feel better, we can perform better.
Watch the video of astronaut Frank de Winne talk about
importance of dinner time on the ISS and come up with
your own reasons why this is important for you too.

Expedition 20 crewmembers share a meal in the Unity node of the
International Space Station. Pictured from the left are Japan Aerospace
Exploration Agency (JAXA) astronaut Koichi Wakata, flight engineer;
cosmonaut Gennady Padalka, commander; cosmonaut Roman Romanenko
and ESA astronaut Frank De Winne, both flight engineers.

Astronaut Frank de Winne talks about food on the ISS [Scroll down the lesson to the video to ‘Eating and drinking
on the ISS’]: http://www.esa.int/Our_Activities/Human_Spaceflight/Lessons_online/Life_in_Space

Thank you to our Contributors:
- The European Space Agency (ESA)
- NASA Human Research Program Engagement and Communications
- Dr. Scott Smith, NASA Nutritional Biochemistry Laboratory
- Vickie Kloeris, NASA Space Food Systems Laboratory
For more information:
The Nutritional Biochemistry Lab at Johnson Space Center in Houston, Texas is
responsible for promoting astronaut health by determining the nutritional requirements for
spaceflight. For example, the lab is responsible for determining the number of calories,
vitamins and nutrients that are needed to maintain optimum health while in space. This
information is then provided to the Space Food Systems Lab Food scientists who will
design, develop and test a food system meeting these requirements (among other
spaceflight requirements).
Scott M. Smith is the lead for the Nutritional Biochemistry Laboratory at Johnson Space
Center. Image Credit: NASA
“We do essentially two types of work,” Smith explained. “We do what we call operational work, which is more
clinical-type assessment where we evaluate the nutritional status of crewmembers before and after flight. Then
we also conduct research to better understand how the body reacts to flight and how nutrient needs of the body
change in weightlessness.”
You can read more about Dr. Smith and Nutritional Biochemistry here:
http://www.nasa.gov/audience/foreducators/stseducation/stories/Scott_Smith_Profile.html
www.trainlikeanastronaut.org
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The NASA Space Food Systems Laboratory at Johnson Space Center in Houston, Texas is responsible for
creating great tasting food that meets the nutritional and flight requirements for the space program. In her current
position as Manager of the Space Food Systems Laboratory, Vickie Kloeris is responsible for the operation and
continuing development of the ISS food system.

Vickie Kloeris is the manager of the Space Food System Laboratory at NASA’s Johnson Space Center.
The team at the Space Food Systems Laboratory has created more than 12 new freeze-dried items and 50 new
thermostablized foods, which are foods that have been processed with heat to destroy microorganisms and
enzymes that can cause spoilage. To test the taste of these products, a sensory booth (pictured) is used to isolate
the subject from other evaluators and from other external distractions.
NASA sensory booth used to test food tastes. The food is
passed through the slot to the tester and results are recorded
on the computer.

You can find out more about NASA food science and the Space
Food System Laboratory here: http://www.nasa.gov/centers/
johnson/slsd/about/divisions/hefd/facilities/space-food.html
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SuperBowl LI this year is being hosted in Houston,
TX... Home of NASA Astronaut Training
Find out if you have what it takes to play football
and be an astronaut
Submit team points to the MX website and
receive a special e-Badge
Learn about proprioception!

Introduction
Did you know that many sports relate to astronaut training? On the
surface, preparing to play a game of American football may not
seem similar to astronaut preparations in that the sport of football is
very fast-paced with high amounts of bodily contact. However, if we
look a bit deeper into both, we can find some similarities.

It takes a team to win

Playing sports requires teamwork and preparation. Teammates
must work together. In space, astronauts also must react to new
situations as a team. Their teamwork is imperative to the success
of a mission, and often such teamwork ensures the safety of the
crew.

Muscles and Bones
In space, astronauts float and have very small loads on
their bodies. Their bodies would lose a significant
amount of muscle and bone, so astronauts exercise on
the International Space Station (ISS) for about two
hours per day. It is crucial to their health to exercise with
heavy loads, just as football players must lift weights.

Recovery from the
game
After a game, athletes have tired muscles and must take care to let their
bodies recover. Similarly, astronauts return to Earth with less balance and
muscle control than when they left our planet.
Proprioception is the term for how our bodies sense the world around us
and what lets us react to our environment. When astronauts first return to
Earth, they are tested to see how well they can balance. Typically,
astronauts’ balance returns to their normal, pre-flight, condition in a few
weeks after landing. What does this have to do with football practice? Well,
the balance tests are very similar to several football exercises.

Let’s play!
When your teacher says, “walk”, walk in a straight line:
When your teacher says “Proprioception”, turn to change directions and step with high feet as if you are walking
over an obstacle
When your teacher says “Corner Back”, turn and run backwards for 10 steps and then spin around to run 10 steps
forwards. Run with high steps over any lines or cracks on the ground

When your teacher says, “Nadir”, lie on the ground: (Nadir is the term for the direction that points towards the Earth)
When your teacher says “Balance”, rise to your feet and stand on one leg
When your teacher says “Lineman” rise to your feet and run in place
To have the students walk heel-toe, say “heel-toe”:
When your teacher says, “Soyuz Landing” walk 4 more steps heel-toe and then jump in the air and land with
good balance

When your teacher says, “Sideline” take 4 more steps and stop with both toes next to each other as you lean
forward without falling. Try to maintain balance

Let’s play!
Have the students run like a football player:
To test speed, american football players run 40 yards (37 meters).
Starting from rest, try to run it in the least amount of time. How much
time does it take you to run 40 yards?
Chris Johnson, of the Arizona Cardinals, ran the 40-yard dash in 4.24 seconds.
Large lineman players are often over 130 kg and run 40 yards in 5 seconds.
NASA
astronaut Mike
Hopkins!

40 yards
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WHAT'S YOUR SPACE HEIGHT?
trainlikeanastronaut.org/mission-data/html/whats-your-space-height

Your Mission
Problem: How can I find my space height?
How tall are you? Are you sure you know the answer? Does your height change in your life, and how
much time does it take for your height to change?
So, how tall are you? That seems like a fairly easy question to answer. However, did you know our
height changes throughout the day? In fact, our height changes from morning to night. It really has
very little to do with the sun and moon, though. Instead, our height becomes less – yes, we shrink –
as the day goes on because gravity compresses our bodies. When we lie down at night, gravity no
longer pulls in a direction to make us shorter so our bodies stretch and we return to our taller
height again. Imagine what happens to astronauts who don’t experience the effect of gravity for
months at a time! That’s right; they grow taller. In fact, NASA Astronaut and MissionX ambassador
Kate Rubins grew from her "Earth height" of 171 cm to her "space height" of 174.4 cm.

Mission X: Mission Handout
In this NASA video from NASA's Human Research Program, NASA astronaut Mike Barratt and NASA
Principal Investigator Sudhakar Rajulu discuss how the body changes in space while explaining the
science behind the activity, "What's Your Space Height?"

Lesson Objectives
Students will:
Measure their body for height, leg length and arm span
Compare measurements for their class

Teacher Note
Suggestions for student engagement: To help engage the students, have them line up by height or
ask them questions such as what is keeping them on the ground, can they stretch and rotate in
different directions (to show spine flexibility). Also, watch the video, “What’s your space height?”
NOTE: Some children will not measure their height at night. For this situation, use the provided 3%
growth graph to estimate their Space Height.

Background

https://www.printfriendly.com/p/g/4wnwKG
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Each human is unique, yet there are trends within populations. Credit: NASA

https://www.printfriendly.com/p/g/4wnwKG
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NASA drawings showing range of motion and body measurements. Credit: NASA
The study of body measurements is called anthropometry. At NASA, there is an entire team of
people who are anthropometrists. These scientists work and collaborate with a wide variety of
design teams because human measurements dictate spacecraft design for seat sizes, hatch
openings, spacesuit construction, and much more. NASA has found that the height of astronauts
increases approximately 3% over the first 3 to 4 days of weightlessness in space. There are many
factors that influence each individual, so each astronaut will experience more or less of an increase
than others. As soon as astronauts return back to Earth, gravity pulls on them once again and
astronauts will typically return to their pre-flight height in a short amount of time. In space, almost
all of this height increase comes from changes in the spinal column, which affects body
measurements such as sitting height, eye height, standing height, how space suits fit, and much
more. Remember, even though astronauts are floating in space and don't stand and walk around
like we do on Earth, their height measurements are important to calculate whether they can
perform tasks such as reach buttons and switches or grasp objects. To work on the International
Space Station (ISS), the astronauts often brace themselves by placing their feet under bars on the
floor to keep from floating away from their work area. The diagram pictured shows this bracing
action and the scientists in NASA's Johnson Space Center Human Factors group study many
measurements of astronauts to make sure everyone can reach the variety of features on the ISS. It is
interesting to note that as astronauts increase height, their shoulder height increases as well. This
means that in space, their arms are farther from the floor than on Earth which allows them to reach
higher objects when in space. An increasing spinal column length is an important factor to consider
when designing spacecraft and habitats. Astronauts must be able to reach everything! Spacecrafts
must be built correctly before they fly, because changing the walls or control locations is either not
possible or overly expensive once the craft has launched to space.

Engage

https://www.printfriendly.com/p/g/4wnwKG
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Expedition 26, with ESA astronaut Paolo Nespoi standing in the center. Credit: NASA

NASA astronaut Kate Rubins returns to Earth 3.4 cm taller than when she left! Credit: NASA
Take a look at the picture of the astronauts in the picture. Astronauts come in all shapes and sizes!
For reference, Paolo Nespoli is the Italian astronaut standing in the center of the picture. According
to the European Space Agency, Paolo is about 188 cm (74 inches) tall on the Earth. Paolo is taller
than most astronauts. Many features in a spacecraft are adjustable for the astronauts using them.
Before each flight, the seats of the spacecraft are adjusted to fit each astronaut. And remember,
astronauts will be a different height when they return! This means the spacecraft and space suits will
fit differently whether one is launching to or returning from space. Do your pajamas fit differently
from when you go to bed at night to when you wake up? Let's investigate that concept together!
In this activity, you and your crew members will measure your height and discuss the factors
involving how your bodies might change in space. This is just like what astronauts do in space.
Astronauts must take scientific measurements, work as a team, and clearly communicate with
others. In fact, just like in this activity, astronauts measure their bodies when in space, too!
Safety: This activity has no reasonable associated safety risks.
Materials: Tape measure

Explore
Procedure
Suggested step – by – step instructions to perform activity.
1. In class, measure your height and learn how to measure yourself when you are at home.
https://www.printfriendly.com/p/g/4wnwKG
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2. You will measure yourself at night, and then again in the morning when you first wake up. decide on which units you will use in measuring (cm, meters, inches) - It is important to measure
yourself as soon as you stand up in the morning, before you walk around too much. Try to measure
yourself before gravity can reduce your height!
3. You will record your height changes in your height chart.
4. You will graph the class results, or analyse a teacher-provided graph.

Conversion Chart
Graph showing 3% growth, representing an average increase of height during space flight.

TRY IT YOURSELF!
Earth Height (cm):
Space Height (cm):

Explain
The following are taken from the student section.
1. How tall were you at night? _________ cm or ________ inches
2. How tall were you in the morning? _________ cm or ________ inches
3. How much is the difference in those two heights? _________ cm or ________ inches
4. What is the reason your height changed?
5. Do you think taller people or short people would have the greatest change in their height?

Evaluate
1. Compare your own measurements with those of your teammates.
2. Which student had the largest difference in their height? Which student had the least change?
3. Based on your class information was your answer correct from question #5 in the Explain section?
(Do you think taller people or short people would have the greatest change in their height?) _____
yes ___no
4. Astronaut Paolo Nespoli is 188 cm tall on Earth. Using what you have learned for how much you
grew while you were in bed, how tall do you think he might have become when he was in space?
_____ cm
5. Astronaut Kate Rubins has an Earth height of 171 cm to a space height of 174.4 cm. How did your
height change compare with Kate's?
https://www.printfriendly.com/p/g/4wnwKG
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Elaborate
The fitting of a space suit can change once the body changes. Imagine wearing a suit that is slightly
too short for you. When you stand up, the suit may pull on your neck, your arms, or through the
pants and seat area. Other measurements can change due to spaceflight, or may be influenced by
changes in height. As an example, try this: untuck your shirt and place your hands by your side and
look where the bottom of your untucked shirt touches your pants. Now raise your hands and point
to the sky. Did your shirt raise? If you were wearing a tight suit, it would not have the necessary
volume to let you raise your arms. Too loose of a suit can also be a problem, too. Suit sizing is
critical for astronauts. Another way to see the issues with how space suits must fit for a variety of
movements can be tested like this: Let one arm hang by your side with your fingers relaxed towards
the ground. Reach across your chest with your other hand, grab the fabric near your elbow and hold
it to the side of your chest. Now, without letting the fabric move from your side, try to raise your
arm. Could you raise it all the way up? Why or why not?
Remember, the suits are designed for many people to wear them. This means they must fit loose
enough for people of different sizes to be able to move inside the suits without being too baggy or
too tight. And, the spacesuits must protect the astronauts from extreme temperature differences
and contain all the necessary functions for humans to survive for many hours, such as air to breathe
and water to drink. While wearing the suit, the astronauts must be able to move freely inside. Also
keep in mind that even with the great variety in astronauts, all astronauts must be able to fit in to
only two suit sizes. That means the suits must be flexible to accommodate a wide range of human
shapes and sizes. That is not an easy suit to design!

Try This!
1. There are many measurements in our life. For example, what if there were no chairs in your
classroom and you had to stand to write at your desk. How high off the ground would you want
your desk? Compare the height you would want your desk with the heights your teammates would
want.
2. How high from the floor are the door knobs in your classroom? Are all the doorknobs at the
same height in your school? Why do you think that height was chosen?
3. Hold your arms to your side and have a teammate hold the bottom of your shirt close to your
sides. Now try to raise your arms. How do you think astronaut suits must be made in order for
astronauts to be able to raise their arms?

Extend
Are there other ways to estimate our Space Height?
As we have seen in this activity, people’s heights change. The exact amount of height change in
each astronaut is too difficult to predict before the astronauts fly. However, from measurements
taken of astronauts over the years, scientists such as Dr. Sudhakar Rajulu and his team of
anthropometricians at NASA’s Johnson Space Center can make educated estimates to help
engineers as they design everything from sizing of spacesuits to where the buttons should be
https://www.printfriendly.com/p/g/4wnwKG
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placed on spaceships. Dr. Rajulu has noticed an average of 3% growth for astronauts when they fly
to space. Keep in mind that each human changes differently, so not many of the astronauts grow
by exactly 3%; some change more and some change less, but the combined average growth is
about 3%. Such measurement data can be displayed with graphs. Using the graph above, answer
the following questions:
1. Use the graph above to find your height here on Earth. _______
2. Use the graph to find your estimated Space Height. _________
3. How did your estimated Space Height compare with the measurement you made first thing in the
morning when you woke up?

Contributors Section
A special thanks to NASA astronaut Dr. Michael Barratt and NASA Principal Investigator Dr.
Sudhakar Rajulu for their extra efforts in helping create this activity. Dr. Barratt is a medical doctor
and flight surgeon, was Manager of the Human Research Program at JSC, has flown to space twice
and, as of this publication in 2017, serves in the International Space Station Operations and
Integration branches to handle medical issues and onorbit support. Dr. Rajulu leads a team of
scientists in the Anthropometry and Biomechanics Facility at NASA’s Johnson Space Center, where
they improve the living and working conditions in space. If you would like more information about
this topic please visit www.nasa.gov/centers/johnson/capabilities/hhp. Perhaps one day you may
want to persue a career in anthropometry!
Crew time on the ISS is finite, with every minute scheduled and planned for maximum efficiency.
The Anthropometry and Biomechanics team uses its data to improve crew living and working
conditions in order to enhance productivity and operational efficiency. This includes biomechanics
and ergonomics research studies that deal with issues humans will encounter while living, working
and exploring in space. Engineers and scientists have been instrumental in evaluating crew work
procedures and equipment, spacesuit design, spacewalk or Extravehicular Activities (EVA) and
Intravehicular Activities (IVA) human performance issues, EVA/IVA tool design and EVA/IVA crewinduced loads. This group is also heavily involved in conducting and supporting projects for
evaluating space suit and human performance data for future missions. It is one of the very few
facilities in the world that has gathered both suited and unsuited human strength data relevant to
Earth, Lunar and Martian gravitational environments. The majority of this work is completed in the
Anthropometry and Biomechanics Facility (ABF).
A very special thank you goes to Anna Murgano, from Scoula Media Nicola Festa in Italy and Tim
Vigorito, from Height's Elementary School in the USA. Along with their wonderful students, these
two educators helped develop this activity by providing feedback and guidance. Their input is very
much appreciated and we thank their students for being the first ones to find out What's Your
Space Height!
This lesson was developed by the NASA Human Research Program Communications team at NASA
Johnson Space Center by Scott Townsend and Tim Gushanas.
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New Activity

26.2 with Tim
WHO

Mission X Teams

WHEN

4-24 April 2016

WHERE

School, Home,
Gym…anywhere.

HOW

You can run, walk,
swim, bike or a
combination of all.

MISSION:

Join forces with Astronaut Tim Peake as he runs the
London Marathon (26.2 miles) while aboard the
International Space Station.

Cause..
Tim Peake is running the marathon for Prince’s Trust.
Don’t forget to run for a cause. It can be cans for the Food
Bank, 1,037
or a association
in your community. Let’s Train 26.2
Total Teams
with Tim!
4 Observing Countries

Tim Peake is running the marathon for Prince’s Trust.
Don’t forget to run for a cause. It can be cans for the
Food Bank, or an association in your community.
Let’s Train 26.2 with Tim!

www.facebook.com/trainastronaut

www.twitter.com/trainastronaut

Accumulate a total of
26.2 miles between

4-24 April as a team,
an individual or as a
family... it is up to
you! We suggest the
children run as a
group to reflect this
distance.
24
Teams

EARN AN
eBADGE by

uploading points
and blog on the
Mission X Website!
www.trainlikeanastronaut.org

