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National Aeronautics and Space Administration

Background to Science Missions

General Approaches to The Content.  

Introduce the lesson objective and learning objectives to the students. Have the students discuss and make observations about the subject  by completing the first two columns of a KWL (KNOW/WANT TO KNOW/LEARNED) chart to help students organize prior knowledge, identify interests, and make real world connections.   At the conclusion, have students update the LEARNED column in their KWL chart.  Prompt students to ask questions following the activity.  Assess student knowledge through questioning and through the quizzes. 
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Food fit for spaceflight  (Material for up to 3 hours lessons)
Educator Section

Introduction
Nutrition has played a critical role throughout the history of exploration, and space exploration is no exception. Astronauts may spend months aboard the International Space Station or several years on a mission to another planet so it is absolutely critical that they have adequate nutrition on board. 

Essential nutrients must be available in the spaceflight food system which is extremely different today from how it was during the first space missions. The early Mercury programme (1961-1963) included food packaged in bite-sized cubes, freeze-dried powders and semi-liquid foods in aluminium tubes. The menu today is composed mainly of packaged foods that are freeze-dried and thermostabilised (canned), with very few fresh foods. However, the crew members do plan their own menus with the assistance of a dietitian, and an effort is made to include all of the nutrients needed for working in the space environment. Refrigerators, freezers and a microwave convection oven are now found on some spacecraft allowing there to be a more extensive menu including a variety of fresh foods. 

The astronauts must consume sufficient energy (calories) whilst in space for optimal work performance and good health. Vitamins and minerals can be particularly important, including calcium and vitamin D due to their beneficial effect on bone. Astronauts can be prone to poor bone health due to the weightlessness of the environment and the loss of any weight-bearing exercise which we take for granted every day on Earth where gravity is present.
Lesson Objectives

· Students will investigate the eatwell plate as they learn the basic points to make up a healthy, varied and balanced diet. 

· Students will learn about the correct proportions of food that should be eaten from each of the five food groups.

· Students will look at the aspects which go towards making a certain food healthy.

· Students will design a five-day menu for astronauts on the next space mission, based on the eatwell plate recommendations and the constraints on space food due to the micro-gravity environment.  Students will design their own five day menu plan.
· Students will design a label for their food packaging that could go into space with our astronauts on their next mission. 

Problem
How can I provide the next team of astronauts with a healthy, varied and nutritionally balanced menu that is appetising, appealing, easy to eat and creates the fewest amount of crumbs whilst in a micro-gravity environment?
Learning Objectives

The students will:

· Investigate the eatwell plate and the correct proportions of foods which should be eaten from each of the five food groups. 

· Investigate nutrition labelling on food packaging. 

· Create a 5-day in-flight menu for astronauts on the next space mission.

· Design a food label for their own food packaging range. 

Materials

Per class: 

· Computer with internet access
· Food pictures from various food groups

· Food packages

· Food labels/stickers

· Nutrition information labels

· Eatwell plate information sheet

· In-flight menu record

Observation

Astronauts must consume enough energy (calories) every day so they can maintain their energy level and good health. Many astronauts simply do not consume enough calories due to a variety of reasons including lack of time, unappetising menu, adverse reactions to food eaten, and potential difficulties with actually eating and then digesting the food available. Menu variety with crew exposed to healthier and tastier foods has been shown to decrease stress during a space mission and therefore lead to a less stressed, healthier crew who perform to the best of their ability.

Nutrition is essential to maintain important functions of the body, skeletal and muscle condition, and hydration status of all space crews on their space mission, all of which are especially important for extended-duration missions. 
The provision of a variety of foods that are tasty and stimulate the senses when on a space mission will enhance food intake by the crew. However, spacecraft are limited by the amount of food storage space they can contain, as well as the weight restrictions to physically launch the aircraft into space. 

Macronutrients and micronutrients

Macronutrients make up the majority of the diet supplying energy and the essential nutrients needed for growth, maintenance and activity. Macronutrients include carbohydrate, protein and fat, with fats supplying twice as much energy per gram as the other two macronutrients (1 gram of fat provides 9 calories, whereas 1 gram of protein or carbohydrate each provides 4 calories). 

Carbohydrates can be split into two main types: simple and complex. Simple carbohydrates include added sugars as well as the natural sugars found in fruit and milk. Complex carbohydrates or starchy foods include bread, cereals, rice, pasta and potatoes. For a healthy diet you should base your meals on starchy carbohydrates and try to eat wholegrain varieties where possible. 

Protein is used in the body for growth and repair. Foods rich in protein include meat, fish, milk and dairy foods, eggs, beans, lentils and nuts.

Fat is a good source of energy and helps the body to absorb certain vitamins. However, fat is high in energy (calories) making you more likely to put on weight if you eat lots of it. Different types of fat include saturates, monounsaturates and polyunsaturates. Saturated fat can raise blood cholesterol levels, which increases the chance of developing heart disease. Monounsaturates and polyunsaturates are both types of unsaturated fat. These don't raise blood cholesterol in the same way as saturated fats and provide us with the essential fatty acids that the body needs, so if you can try to replace the saturated fat that you eat with unsaturated fat.

Micronutrients include the vitamins and trace minerals that are needed by the body in small amounts. Most people can get all of their micronutrients by eating a healthy and well-balanced diet. Calcium and vitamin D are especially important to astronauts.

If needed, additional research can be done on the following topics: nutritional requirements in space, macro and micro-nutrients, energy needs of human, space exploration, food labeling, 
Let’s think about your in-flight menu record

Think about the macro and micro-nutrients and list which of these are the most important to astronauts and why. State which of these (if any) must be eaten in different amounts compared to the requirements on earth and state the reason for this difference.

List a number of foods rich in the different macro- and micro-nutrients.

Investigate the eatwell plate by going to http://www.eatwell.gov.uk/healthydiet/eatwellplate/
Fill out the eatwell plate data sheet. Discuss and label each food group and write examples of food that would represent each group. 

Use the eatwell plate graphic provided below to check for placement accuracy of the eatwell plate categories. Keep in mind we need more servings of certain groups than others. 
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Use your completed eatwell plate to complete the in-flight menu record for the first day of spaceflight. Remember to include foods from each of the food groups, but keep foods that are high in fat and/or sugar to a minimum or only for a treat after a specific task or part of the space mission has been completed successfully.  Or you can use a paper plate to create and draw your meal.  Reflect on foods rich in macro-and micro-nutrients and then complete the inflight menu for astronauts for 5 days.  Compare with your own food diary or menu plan. 
Discuss these questions with the class. 
Do you think that your team of astronauts will remain fit and healthy for the duration of their mission if they were to eat foods from your menu plan for the mission duration?

What are some of the healthy choices that you made and why?

What are some of the unhealthy choices that you made and what were the reasons behind these choices?

If you were to become an astronaut would you be happy to eat your menu for 3 months? If not, why not, and what would you change about it?

When you were putting together your menu did you think about how the astronauts will eat your foods? Will they be squeezed out of toothpaste-type tubes, can they be eaten from a spoon-bag or is there another method?

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

· What is a nutrient?

· How does a macro-nutrient differ from a micro-nutrient?

· Why do some people require more nutrients than others?

· Why do some people take supplements?

· Do astronauts in space need different nutrients to us here on Earth?

Think about your own diet. Are there any nutrients that you feel you should be having more of? Are there any nutrients that you eat too much of? 

What can we do to find out exactly what is in the foods that we eat?  

Let’s design a food label
· Have a look at the food labels and packages that you have in the classroom.  Discuss with your class the main points that always appear on food labels. Discuss the common themes that make a food label good. Why are food labels important?

Do food labels influence which foods you buy? If so, why? 

Do you or your parents read food labels before putting that item in your trolley? 

What are traffic light labels and how might they help us to have a healthier diet?

Design a label for your own space mission food packaging range. The label must:
Reflect the healthy aspects of the food
Describe what the food is

Have your company logo on it

Be fairly simple and easily recognizable

Be colourful




Be easy to read

Be appropriate



Be scalable ( large and small  packages)
Include the use by date


Include the ingredients 

Nutrition labelling can influence the food that we choose to eat. Food labels are a useful source of information, primarily to inform and protect consumers, e.g. if you suffer from a nut allergy it must be clear from the label that this food contains nuts or has been made in a factory where nuts are present. Are there any nutrients within the food that you have chosen to market that need to be mentioned on the label as potential allergens?

Curriculum Explorations
To extend the concepts in this activity, the following explorations can be conducted:

· Students can take part in a sensory evaluation session where they will determine which of the foods provided stimulate which of their senses and also state which sense is the most critical, without which eating would be less enjoyable. Students could then rate that particular food. Possible foods to use include salt and vinegar crisps, grapes, rice cakes, jelly and celery sticks. 

· Students could design a food tray for use in the spacecraft that the astronauts could use to eat from. This tray should attach to the astronaut,  have a number of compartments to hold down the meal  components and hold cutlery. Students could take part in an exercise to look at the different types of food that are available to astronauts whilst in space. They could taste a variety of foods and rank them according to their individual preferences and then state which type of food they are. For example tuna fish is a thermostabilised food, whereas beef steak is an irradiated food. 
Quiz

Answer the following questions about the Food fit for spaceflight activity

1. Many astronauts do not consume enough calories whilst on a space mission. What are some of the reasons for this?

2. Why are crumbs bad news for astronauts?

3. Astronauts can often lose their sense of smell and taste when in the spacecraft for long periods of time. How can this effect be minimised or overcome?

4. How does the food eaten on present day space missions differ from that of the earliest missions?

5. What are the different types of food available to astronauts on the spacecraft?

6. What do astronauts use to eat from?

7. Why is it important that astronauts eat at least one meal of the day together?

8. Why is nutrition so important for astronauts in space?

9. What is the limiting factor affecting an astronauts food requirement in space?
10. Why are food labels so important?

Appendix B

Food fit for spaceflight Quiz Answers
1. Many astronauts do not consume enough calories whilst on a space mission. What are some of the reasons for this?

Many astronauts do not consume enough calories due to a variety of reasons including lack of time, unappetising menu, adverse reactions to food eaten, and potential difficulties with actually eating and then digesting the food available. 
2. Why are crumbs bad news for astronauts?

 Crumbs can float around the spacecraft and cause possible damage to expensive machinery and equipment. 
3. Astronauts can often lose their sense of smell and taste when in the spacecraft for long periods of time. How can this effect be minimised or overcome?

Through the provision of a variety of foods that are tasty and stimulate the senses when on a space mission. Menu variety with crew exposed to healthier and tastier foods has been shown to decrease the stress during a space mission and therefore lead to a less stressed, healthier crew who perform to the best of their ability.
4. How does the food eaten on present day space missions differ from that of the earliest missions?

Space food systems have evolved as space programmes have developed. The early Mercury programme (1961-1963) included food packaged in bite-sized cubes, freeze-dried powders and semi-liquid foods stuffed into aluminium tubes. Later space missions had hot water to re-hydrate foods improving their taste and quality, as well as enabling the use of actual utensils to eat with making the overall action of eating closer to the experience of eating on Earth. Today, astronauts needn’t worry too much as ‘proper’ food is sent up to space that has been designed by a dietitian and can be eaten from individual food trays.

5. What are the different types of food available to astronauts on the spacecraft?

a) Rehydratable food – water is removed from the food during packaging, e.g. hot cereal such as oatmeal.

b) Thermostabilised food – heat processed so the food can be stored at room temperature, e.g. tuna fish.

c) Intermediate moisture food – preserved by taking some water out of the product while leaving enough to maintain the soft texture, e.g. dried apricots.

d) Natural form food – ready to eat, packaged in flexible pouches with a naturally long shelf-life, e.g. nuts.

e) Irradiated food – cooked and packaged in flexible foil pouches and sterilized by ionizing radiation so they can be kept at room temperature, e.g. beef steak.

f) Frozen food – quick frozen to prevent a build up of large ice crystals and maintain the original texture of the food so that it tastes fresh, e.g. casserole.

g) Fresh food – neither processed nor artificially preserved. Must be eaten within the first 2-3 days of the mission or they will spoil, e.g. apple.

h) Refrigerated food – foods that require cold or cool temperatures to prevent spoilage, e.g. sour cream.

6. What do astronauts use to eat from?

Astronauts use special trays in space because of the special micro-gravity environment. These trays are designed to hold everything in place while food is being prepared and eaten. On the spacecraft, the trays used have straps on the back so that the astronauts can attach them to either the wall or their leg in order to hold them in place. They also use Velcro to attach the food and drink packages. Utensils (including knife, fork, spoon and sometimes most importantly scissors) can be held in place using magnets or Velcro straps. The food trays have special compartments to hold special bowl-like containers which snap into place and hold the food in the tray. 

7. Why is it important that astronauts eat at least one meal of the day together?

Evidence shows that it is not just about basic nutrition and what to eat that is important to astronauts but also the psychosocial benefits of eating together with the rest of the crew for interaction and morale boosting effects.

8. Why is nutrition so important for astronauts in space?

Nutrition is essential to maintain important functions of the body, skeletal and muscle condition, and hydration status of all space crews on their space mission, all of which are especially important for extended-duration missions. 

9. What is the limiting factor affecting an astronauts food requirement in space?

Space. Spacecraft have a limited amount of food storage space they can contain, as well as the weight restrictions to physically launch the aircraft into space. 

10. Why are food labels so important?

Food labels can give you advice on a particular food to help you make healthier, safer and more informed choices.

Appendix C
Glossary

	Nutrition
	The study of food consumption.

	Nutritionally balanced foods
	Foods containing the correct nutrients in the right amounts for optimum health.

	Macronutrients
	Make up the majority of the diet supplying energy and the essential nutrients as carbohydrate, protein and fat.

	Micronutrients
	Include vitamins and trace minerals that are needed by the body in small amounts. 

	Eatwell plate
	Pictorial representation showing the types and proportions of foods we need to have a healthy and well-balanced diet. 

	Calories
	Unit used to measure food energy.

	Micro-gravity environment
	An environment in which the effects of gravity are greatly reduced. 

	Graphic design
	The process of designing visual information that stimulates the sight.


Appendix D
Eatwell Plate Information Sheet
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Appendix E

In-flight menu record  and home food diary
	Day
	Date

	Time
	Meal
	Food/drink description & preparation 
	Portion size

	8am
	Breakfast
	Unsweetened orange juice

Cornflakes, Kellogg’s

Milk (semi-skimmed)

Toast, Hovis granary

Olivio spread
	1 glass

1 medium bowl

200ml

1 slice

Medium spread

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


REDUCED GRAVITY, LOW-FAT

Educator Section
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.

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. http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts131/index.html

Curriculum Explorations 
To extend the concepts in this activity, the following explorations can be conducted:

• Give your students obesity rates in different countries all over the world and discuss with your students possible reasons for that and possible countermeasures.

Ask students to research obesity rates across the UK. What are the differences between Scotland and England?  Suggest reasons why?

• 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?

Reduced Gravity, Low-Fat Glossary[image: image4.png]Use the index card o make
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ENERGY OF AN ASTRONAUT

Educator Section

Introduction

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.

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.  Other food eaten is dehydrated fruit – the sort you find is breakfast cereal.
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
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 explorationo spaceflight countermeasures energy needs of humans

Fill out the Eatwell Plate.   
Discuss with your class the importance of healthy, balanced meals.  Revisit Yesterday’  Food Diary.  Have one student at a time read off their food choices from Yesterday’s Meal Plan.

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?

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.]

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.

Appendix C
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Energy of an Astronaut Glossary (Continued)
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LIVING BONES, STRONG BONES

Educator Section

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 identify ways to keep bones healthy.

-     Extend vocabulary.
Problem

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

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

Background and Space context

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 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!  Additional research can be done on: calcium, vitamin D, space travel and bone loss, osteoporosis, resistive exercise (ARED) a spaceflight countermeasure for bone loss.

If needed, additional research can be done on the following topics: calcium VitaminD, space travel and bone loss, bone remodelling, resistive exercise, Advanced Resistive Exercise Device (AREE), spaceflight countermeasures.  

Examine the bones with a hand lens. What is the shape of the bone? 

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?

What is the bone’s size (recorded earlier) compared to the size of the animal?  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. 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. • What is the difference between human bones and animal bones? Chicken bones are smaller and more lightweight. What would happen to bones if we took the force of gravity away from the body? Lack of gravity makes bones become weak.

How would you build a model of a bone using index card or paper?
Discuss the shape, size, and thickness of bones.  Decide how you would like to design your group bone model from the index card.
Design a bone model making sure your bone model is:

§ made much like the bone, and

§ sturdy enough to hold weight.

Demonstrate to students how to design the bone model by using a rolled index card, making it into a cylinder, and fastening with tape. 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
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.
  Place the bone model on the table in the same way your leg bone is in your body when you are standing up. Place the cardboard square on top of the bone model.
      Predict how many textbooks you will be able to stack on the bone model.  The textbooks represent the weight of your body.  Vary your bone design by changing the thickness of layers of paper.  




      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.

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.

.

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?

Appendix B

Living Bones, Strong Bones Glossary
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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.

www.trainlikeanastronaut.org 
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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:

o Sugar, proteins and acidity levels in urine samples
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

Hydration Poster:

Have the students discuss and make observations about Hydration by designing and creating a hydration web poster. Use the hydration poster to help students organize prior knowledge, identify interests, and make real world connections.

• 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

This is a variation of pin the tail on the donkey but using the water bottle instead of a pin and using the astronaut as a target. 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?

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.  
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

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

Label 4 cups 1-4 and fill each with 2oz of water.  In the first cup use 1 toothpick to add 1 dab of yellow foodcolouring.  In cup 2 use a toothpick and add two dabs of yellow food colouring.  In cup 3 add 1 drop of yellow food colouring.  In cup four add 1 drops of red food colouring and two crops of yellow and 1 drop of green.  Compare your simulated urine to the Urine color chart. (Appendix H) and 0. Arrange your simulated samples into the four hydration levels.

a. Optimal

b. Well Hydrated

c. Dehydrated

d. Seek Medical Aid

Identify each sample of hydration levels by placing the hydration card next to the appropriate simulated urine to determine levels of hydration.
Hydration Log 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
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.

Curriculum Explorations and Extensions 

• 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.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.

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?

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?
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.

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?

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.

Drink


Size of Can/Bottle       
gms of sugar
             No of sugar cubes equivalent
Lucozade (cherry)


500 ml



68


24

Dr Pepper



500 ml



51.8


18

Coca Cola



330 ml



35


13

Red Bull



250 ml



27.5


10

Freshly Squeezed Orange 

250 ml



25


9

C

Capri Sun (summer fruits)

200 ml



22.4


8

Ri

Ribena




200 ml



21


8

O

Oasis Summer Fruits


500 ml



21


8

Li

Lilt – Pineapple and 


330 ml



15.3


6

Gr

grapefruit

G

Glass of Squash 


250 ml



1.5


1

(n

no added sugar)



Diet Coke



330 ml



0


0

W

Water (bottle)



500 ml



0


0

Coca Cola, Dr Pepper and Diet Coke all have Phosphoric Acid in them which eat at the enamel on your teeth. Diet coke has no sugar but has high levels of Aspartame a man made sweetener which may be related to hyperactivity.Fresh Orange has natural sugars in it, and has vitamin C, but should be diluted 50/50 with water, or drunk in moderation with a meal. Be careful which Ribena and Capri Sun you buy  it is easy to be fooled by the labelling. The Energy drinks all have very high levels of caffeine and are actually labelled as not being safe for children to drink.
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Sample Hydration Web
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Appendix F
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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.



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?






Emulsion�



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.�
�
�
�



Balanced Diet�



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.�
�
�
�
Nutrition Facts


label�



The label required on most pre-packaged foods.�
�






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.�
�



problem�



A question to be investigated.�
�
�
�
hypothesis�
An educated guess to answer a problem/question.�
�
�
�



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






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)�
A dense and compact outer layer of bone that forms a shell around bone marrow.�
�
�
�
trabecular bone


(trə-běk'yə-lər)�
Smaller bones that form a spongy structure in the bone marrow found inside the cortical bone shell.�
�



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 Objectives


To create a poster about hydration


To learn about the effects of hydration on different parts of the body.


To learn about hydration using sample fake urine samples


To keep an hydration diary





Materials





Materials Required:


• Water• Internet connection


Hydration cards


Marmite, Toothpicks


• Yellow, Red and Green food coloring


• Clear cups


• 8 inch disposable plate


• Toothpicks














Healthy hydration drinks�
Unhealthy hydration drinks�
�
Water Sodas�
�
�
Sports Drinks�
Coffee or Tea�
�
Fortified waters�
Alcohol�
�
Energy Drinks (beware of artificial color and high fructose)�
Coca cola�
�



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�
�



Bathroom


Time


(hr)�



Urine Color�



Urine Category�



What I


drank�



How much


I drank�
Physical Activity (None,


Low, Moderate,


High)�
�
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