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Explain how you figured this out.

3. How many buttons in all does Gita need to make Pattern 11?

Explain how you figured this out.

Pattern 5

2. How many white buttons does Gita need for Pattern 5 and Pattern 6?

1. Draw Pattern 4 next to Pattern 3.

Pattern 1

How many buttons does she need to make Pattern 24?

How do you know that she is not correct?

This problem gives you the chance to:
• describe, extend, and make generalizations about a numeric pattern

Gita plays with her grandmother’s collection of black and white buttons.
She arranges them in patterns.
Her first 3 patterns are shown below.

4. Gita thinks she needs 69 buttons in all to make Pattern 24.
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Winter Sports

Silver Bronze Total

Test 5: Form A

3 points
1 point

Silver medal
Bronze medal
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5. Show that Norway has the highest total number of points.

Use this table to calculate Finland’s total number of points.
Show how you figured it out.

6 points

Gold medal

Winter Sports
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Norway

Gold

4. The table below shows the points awarded for each medal.

3. Which country won the most bronze medals?

2. Which country won the highest total number of medals?

This problem gives you the chance to:
• interpret and use tables
• perform number calculations in context

The table below shows the number of gold, silver, and bronze medals won by
20 countries during a sports competition. The right-hand column shows the
total number of medals won by each country.

1. Write the correct numbers in the two empty boxes in the table.

Winter Sports
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6th Grade English Language Arts 
f or the week of
May 18th, 2020

STUDENT LESSON SUMMARY

Denotation and Connotation
ELA L.6.5c, ELD PI.6.8

A word’s denotation is its literal meaning that you would find in the dictionary.
Its connotation is the emotional associations a word has for readers or listeners.
Words with similar denotations can have very different connotations. For
example, persistent and pushy have similar denotations. However, persistent has
a positive connotation and pushy has a negative connotation. Use the following
steps to identify and distinguish the denotations and connotations of words.
Step 1: Recognize when a word’s meaning is unfamiliar. Consider whether a
word has more than one meaning, or denotation. In the following example, the
word bold, which can mean courageous, must have a different meaning. If you try
substituting courageous for bold, the example makes no sense. You must find a
new meaning.
EXAMPLE The young boy’s parents punished him for being too bold.
Step 2: Check a word’s denotation(s) in the dictionary. Looking up bold in
a dictionary reveals that it has several denotations, or literal meanings, one of
which will work best in a given sentence.
EXAMPLE Denotations of bold: 1. courageous. 2. shameless, brazen.
Step 3: Examine context to determine a word’s connotation. A word’s
connotation, or emotional association, goes beyond its dictionary meaning.
Look for context clues—such as other words in the same sentence—to
determine whether a word’s connotation is positive or negative. For example,
cautious may connote either common sense or fear.
EXAMPLE Positive connotation: The scout was cautious and alert.
Negative connotation: The scout was cautious and timid.
Step 4: Choose words carefully, noting their connotations. Words with the
same meanings may have a wide range of positive, neutral, or negative feelings.
The example shows several synonyms for bold, each with its own connotationssome positive, some negative.
EXAMPLE Positive: The hero’s attempt to rescue the wounded was
daring.
Positive: The hero’s attempt to rescue the wounded was brave.
Negative: The hero’s attempt to rescue the wounded was rash.
Negative: The hero’s attempt to rescue the wounded was
foolhardy.
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Denotation and Connotation

PRACTICE WORKSHEET A

Denotation and Connotation
A. Practice and Apply Read each vocabulary word. Then read its two synonyms.
Put a plus sign (+) next to any synonym with a positive connotation. Put a
minus sign (–) next to any synonym with a negative connotation.
Vocabulary Word
1. aggressive
2. well-known
3. thin
4. clever
5. colorful

Synonym
go-getting
notorious
scrawny
witty
gaudy

+/–

Synonym
pushy
famous
lean
sly
bright

+/–

B. Practice and Apply In each example, decide what connotation the italicized
word has. Write P for a positive or N for a negative connotation. Use the hint
and context clues as a guide. Then explain your answer in a sentence.
6. EXAMPLE: Her outfit was much too showy for a casual party.
		HINT: Showy can mean “striking” (+) or “flamboyant” (–).

7. EXAMPLE: Doesn’t the smell of cookies baking call up happy memories?
HINT: The noun smell can mean “aroma” (+) or “stink” (–).

8. EXAMPLE: The soldier knew instantly that she had received a serious
wound.
HINT: Serious can mean “businesslike” (+) or “grave” (–).

9. EXAMPLE: We admired the old craft of the carver, who magically
transformed wood into art.
HINT: Old can mean “ancient” (+) or “outdated” (–).

10. EXAMPLE: He is smart enough to do well in math, if only he would study.

HINT: Smart can mean “intelligent” (+) or “disrespectful” (–).
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Denotation and Connotation

PRACTICE WORKSHEET B

Denotation and Connotation
A. Practice and Apply Read each vocabulary word. Write two synonyms for
it, first one with a positive (+) connotation, then one with a negative (-)
connotation. You may consult a dictionary or thesaurus.
Vocabulary Word
1. aggressive
2. well-known
3. thin
4. clever
5. colorful

(+) Synonym

(-) Synonym

B. Practice and Apply Read each vocabulary word. Write one sentence that
uses the word in its positive sense. Write another sentence that uses the word
in its negative sense. Use the example below as a guide.
EXAMPLE vocabulary word: the adjective smart
Positive: He is smart enough to do well in math if only he would
study.
Negative: He is so smart he talks back to his mother.
6. vocabulary word: the noun smell
		Positive:
		Negative:
7. vocabulary word: the adjective serious
		Positive:
		Negative:
8. vocabulary word: the adjective old
		Positive:
		Negative:
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Reteach Worksheet

Denotation and Connotation
Review Denotation is the dictionary meaning or meanings of a word.
Connotation is the emotional associations a word evokes in a reader or listener.
Context is the words and sentences surrounding a word. The context may help
you figure out if the word has a positive or negative connotation.
A. Practice and Apply Read each statement. Circle T if the statement is true or F
if it is false.
T F
1. The connotation of a word is the same as the denotation of a word.
T

F

2. All words have at least one denotation.

T

F

3. Synonyms are words that always mean exactly the same thing.

T

F

4. The denotation of a word is its emotional association.

T

F

5. Context can help you figure out a word’s denotation and connotation.

B. Practice and Apply Read each boxed example. Then, write answers to the
questions.
EXAMPLE She was praised for remaining cool during the emergency.

6. In the example, does cool have a positive or a negative connotation?

7. Write a synonym for cool with the same connotation as the example.

EXAMPLE The ice-cream was too soft, almost like soup.

8. In the example, does soft have a positive or a negative connotation?

9. Write a sentence using the word soft. Choose a connotation that is opposite
to the example.
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Using Reference Aids
ELA L.6.4c, ELD PI.6.6c

Read a Dictionary Entry
A dictionary entry contains more than just a definition. You can use a dictionary
to determine the pronunciation and parts of speech of unfamiliar words.
Dictionary entries may also provide information about a word’s origin in an
etymology. Etymologies help you understand the meaning of an unfamilar
word by telling you its history.
ballot (bal’St)intr. v. to cast a vote. [From Italian ballotta, small ball or pebble.
Italian citizens once voted by casting a small ball or pebble into one of several
boxes.]
The pronunciation of the word ballot is indicated immediately after the entry
word. The sounds represented by the symbols in the pronunciation guide are
explained in a key in the dictionary. After the pronunciation, you find the word’s
part of speech. Ballot is an intransitive verb, or a verb that does not take an
object. The definition appears after the part of speech. After the definition of
the word, you find the word’s etymology. This etymology tells you that the word
comes from the Italian word for ball, which citizens once used to vote.
Practice and Apply Look up each word in a print or digital dictionary. First,
identify the pronunciation and part of speech of each word. Then write down
the origin of each word and explain how the history will help you remember
the meaning.
1. algorithm

2. hippopotamus

3. radar

4. safari

Syllabication and Pronunciation
Syllables are the units of sound that make up a word. When you come across
a word that is difficult to pronounce, it can be helpful to break the word into
syllables and sound them out loud. Once you feel comfortable pronouncing the
syllables, try to pronounce the entire word. Keep in mind that some words have
only one syllable and cannot be divided.
The syllabication and pronunciation of words can be found in a dictionary
or a glossary. A glossary is a list of specialized terms and their definitions. The
glossaries in the textbooks you’ve used often include syllabication guides. Look
at the example below. The word lagoon has two syllables. The raised dot shows
the division between syllables. Can you say the word out loud?
la • goon
Practice and Apply Use a glossary to look up the syllabication of each of
the following words and record them in your notebook. Then, practice the
pronunciation of each word by sounding the syllables out loud. When you are
comfortable pronouncing a word, use it in a sentence.
1. antibiotic

2. degradation

3. pestilence

4. predator

5. technician
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Using Reference Aids

Using Reference Aids continued

Using Thesauruses and Dictionaries
To express ideas clearly and correctly, you need to choose your words carefully.
Sometimes this means that you need to replace a vague or general word with
a more specific synonym. Synonyms are words with similar meanings. For
example, gorgeous is a synonym for exquisite. To find a synonym for a word, look
in a reference aid, or information resource.
• A reference book of synonyms, such as a thesaurus, or a synonym finder
lists synonyms of words. Many word processing programs feature an
electronic thesaurus tool.
exquisite adjective beautiful, gorgeous, flawless, superb
• A dictionary often lists synonyms after the definition(s) of a word.
exquisite (ek’skwi-zit) adj. of extraordinary beauty or charm: They
watched the exquisite sunset. syn beautiful, gorgeous, flawless, superb

Practice and Apply Use a dictionary or thesaurus to find a synonym for each
word. Note the synonym as well as the reference aid you used to find it.
1. bravery

2. battle

3. naughty

4. calm
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Using Reference Aids

Social Studies
May 18th, 2020
These and other resources are also
available digitally on the
HemetLearnsTogether.org website.

6th grade History
Week of May 18, 2020
Thermopylae Lesson
Central Historical Question:
How many Persians were at the Battle of Thermopylae?
Materials:
• Documents A-D
• Graphic Organizer
• Battle of Thermopylae PowerPoint
Instructions:
1. View PowerPoint to review the Battle of Thermopylae and the lesson’s objectives.
a. Slide 2: Athens and Persia. In the early 400s BCE, the Greek city-state of
Athens came into conflict with the Persian Empire over Greek colonies in
Ionia, which were located in Persia.
Note: Sparta and Athens were both part of Greece.
b. Slide 3: Conflict Begins. After Athens sent aid to Greeks living in Ionia, the
Persian emperor Darius decided to invade Athens.
c. Slide 4: Battle of Marathon. The Persians and Greeks clashed at a town
called Marathon. The Persians were defeated, which was unexpected as they
outnumbered the Greeks. Furious at the defeat, Darius’ son Xerxes aimed to
get revenge and planned another attack ten years later in 480 BCE.
d. Slide 5: The Battle of Thermopylae. In one of the initial battles of the second
invasion, a huge Persian force fought against a much smaller group of
Spartans, who were aiding Athens. Although greatly outnumbered, the
Spartans held the Persians back at the Battle of Thermopylae. This gave
Athens valuable time to prepare for the Persian invasion and ultimately led to
a Greek victory. The battle remains famous today for how the Spartans
fought. Recently, this battle was the subject of the movie 300.
e. Slide 6: Central Historical Question. Over the past centuries, historians have
argued over how many Persians participated in the Battle of Thermopylae.
Our task is to look at four different sources and address the question: How
many Persians were at the Battle of Thermopylae?
2. Review the work of historians.
a. In order to create accounts of the past, historians work with both primary
and secondary sources. They investigate sources and find evidence to
develop and support their claims. They also use sources to evaluate the
claims of other historians. Part of this process involves looking at multiple
sources and comparing and contrasting – or corroborating – and trying to
determine the trustworthiness of evidence.
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b. We are going to look at how four different historians from different
times made claims about the Battle of Thermopylae, explore the evidence
they used, and try to figure out how many Persians were at the Battle of
Thermopylae.
3. Take out Document A and the Graphic Organizer.
a. Read the header.
i. Answer question #1 in the Graphic Organizer.
b. Now read document and answer the remaining guiding questions.
c. Points to note:
• Herodotus was Greek and alive during the Battle of Thermopylae.
• Although his methodology is unclear, historians believe that he
relied on interviews for his history.
• Would Herodotus have any reason to exaggerate these numbers?
He might be trying to make the Greeks look more impressive by
saying they beat more Persians than they really did.
4. Take out Document B.
a. Read the header.
i. Answer Question #1 in the Graphic Organizer.
b. Now read the document and answer the remaining guiding questions.
c. Points to note:
• Ctesias offers much lower numbers than Herodotus along with
greater detail about the Battle of Thermopylae.
• Ctesias apparently had access to Persian archives, which may
have provided a more accurate accounting than Herodotus’s
version of events. Consider what some of these archives might
include (e.g., ship manifests, government records, census
records, etc.).
• However, Ctesias’s account may have been biased by his
relationship to the Persians. And, given that the original work was
lost and that Photius recorded this version in the 9th century, the
reliability of this source is low.
5. Take out Document C.
a. Read the header.
i. Answer Question #1 in the Graphic Organizer.
b. Now read Document C and answer remaining guiding questions.
c. Points to note:
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•

•

Bradford is a modern-day historian and presumably knows the
work of Herodotus, Ctesias, and other histories of Thermopylae
well.
Bradford relies on geographical evidence to support his claim.

6. Take out Document D.
a. Read the header.
i. Answer Question #1 in the Graphic Organizer.
b. Now read the document and answer remaining guiding questions.
c. Points to note:
• Matthews offers evidence that questions the claims of all the other
historians.
• He relies on evidence similar to Bradford (and Maurice) but adds
further evidence to contend that Maurice may have underestimated the size of the Persian army.
7. Final claims: After reading all four documents, how many Persians soldiers do
you think there were at the Battle of Thermopylae? Make sure to use historical
evidence to support your argument. What other types of evidence might you
consult to further investigate this question?

Citations:
Document A
The History of Herodotus, 4 vols. trans. George Rawlinson (New York: Tandy-Thomas Co.,
1909). Retrieved from
http://oll.libertyfund.org/?option=com_staticxt&staticfile=show.php%3Ftitle=1898&Itemid=27
Document B
Ctesias of Cnidus, Persica, retrieved from:
http://www.livius.org/ct-cz/ctesias/photius_persica2.html
Document C
Ernle Bradford, The Year of Thermopylae (Macmillan: London, 1980).
Document D
Rupert Matthews, The Battle of Thermopylae: A Campaign in Context (Spellmount Limited
Publishers: Gloucestershire, 2006).
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Document A: Herodotus
Herodotus was an ancient Greek historian who lived in the 5th
century BCE. He was a young boy during the Persian War, and
interviewed Greek veterans of the Persian War to get the
information he needed for his history. The following is an excerpt
from his book The Histories that describes the Persian army at
the Battle of Thermopylae.

Until they reached Thermopylae, Xerxes armament was free from
misfortune. The king’s sea forces amounted to 517,610 men. The
number of foot soldiers was 1,700,000; that of the horsemen
80,000; to which must be added Arabs who rode on camels and
the Libyans who fought in chariots, whom I reckon at 20,000. The
whole number, therefore, of the land and sea forces added
together amounts to 2,317,610 fighting men brought by Xerxes,
the son of Darius, as far as Thermopylae.

Source: From the book The Histories, written by Herodotus in the
450s-420s BCE.
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Document B: Ctesias of Cnidus
Ctesias was an ancient Greek physician and historian from the 5th
century BCE who worked for the king of Persia. Ctesias claims to
have had access to the official Persian archives, which he used to
write his own history of the Persian War in 398 BCE. The
following is an excerpt about the Persian army at the Battle of
Thermopylae.

Xerxes decided to make war upon Greece . . . having collected a
Persian army, 800,000 men and 1,000 triremes set out against
Greece. His general Artapanus, with 10,000 men, fought an
engagement with Leonidas, the Spartan general, at Thermopylae.
The Persian host was cut to pieces, while only two or three of the
Spartans were slain.

Source: From Ctesias of Cnidus’s book Persica written in 398
BCE. This excerpt was included in a book by the scholar Photius
in the 9th century.

Vocabulary
triremes: Greek warships
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Document C: Ernle Bradford
Ernle Bradford is an English historian specializing in the ancient
Mediterranean world. The following is an excerpt from his book
The Year of Thermopylae, published in 1980.

Although it is true that Herodotus . . . had access to all the records
available, it is impossible to accept the figures that he gives for
the size of the Persian army and of the fleet. . . .
General Sir Frederick Maurice, who had the opportunity of
covering the area of the march of the Great King not long after the
First World War, came up with the conclusion that the total of the
Persian army was about 210,000. Unlike most desk-bound
scholars he [Maurice] had the opportunity to travel the whole
area, and had excellent military and logistical knowledge of the
terrain. He based his conclusion particularly on his observation of
the water supplies available. . . . It seems that there is no
possibility of the army of Xerxes having exceeded 250,000 men.
Even this number . . . would have been sufficient to exhaust the
water resources at a number of places along their route.

Source: Ernle Bradford, The Year of Thermopylae, 1980, p. 34.
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Document D: Rupert Matthews
Rupert Matthews is an English author and politician. He has
written over 200 books on history. The following is an excerpt
from his book The Battle of Thermopylae: A Campaign in Context,
published in 2006.

No aspect of the Thermopylae campaign has given rise to greater
controversy than the size and composition of the army led by
Xerxes into Greece. . . .
. . . Herodotus puts the strength of Xerxes’ army at around two
million men and says that they drank the rivers dry as they
advanced. . . . As usual, Herodotus does not tell us where he got
this information from, but it does bear all the hallmarks of being an
official document. . . . Whatever the source of information given
by Herodotus, it is quite clear that the list is not an accurate
record of the army Xerxes led into Greece. It would have been
physically impossible to march that many men along the roads
available to them and keep them supplied.
We know that Xerxes sent an advance guard of laborers and
engineers forward to prepare the route for his invasion. . . . While
it is not recorded exactly what these men did, it is clear that they
were undertaking construction work that would aid the army. If
streams were dammed to create reservoirs of water, Xerxes
would have been able to move an army considerably larger than
the 210,000 men that General Maurice [see Document C] thought
the land could support. Even so, it is unlikely that the increase
could have been more than around 50%, say a total of 300,000 to
350,000.
Source: Rupert Matthews, The Battle of Thermopylae: A
Campaign in Context, 2006, p. 10-15.
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Final Claim
After reading all four documents, how many Persians do you think there were at the
Battle of Thermopylae? Make sure to use historical evidence to support your
argument. What other types of evidence might you consult to further investigate this
question?
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Historian

Who is the historian?
When was the account
written?

How many Persian soldiers
were at the Battle of
Thermopylae?

What evidence does the historian
use to back this claim?

Do you find this evidence reliable and
convincing? Why or why not?

Herodotus

Ctesias

Bradford

Matthews

STANFORD HISTORY EDUCATION GROUP

sheg.stanford.edu

The Battle of Thermopylae

Athens and Persia

.

2

Conflict Begins

A 4th century rendering of Emperor Darius

3

The Battle of Marathon

• Persians and Athenians
clashed at Marathon
• Persians were unexpectedly
defeated
• Darius’ son Xerxes planned
another attack in 480 BCE
4

The Battle of Thermopylae
• Persians vs. small group of Spartans
• Spartans held off Persians for 7 days
• Persians won battle
• Meanwhile, Athens prepared for
Persian invasion
• Ultimately Greeks won
5

Central Historical Question
How many Persians were at
the Battle of Thermopylae?

6th Grade Science - Humans in Space
Week 05/18/20
Reading:
● Annotate the article: Astral Bodies
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
○ Answer questions at the end of the article
Activity:
● Design a Mars habitat station
○ Mars Habitat Station Activity
Writing:
● Read the article: Debate: NASA study uses twins to investigate DNA changes in space
○ Answer the writing prompt at the end of the article.

6to Grado Ciencia - Humanos en el Espacio
Semana de 05/18/20
Lectura:
● Anotar el artículo: Astral Bodies
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
○ Conteste las preguntas al final del artículo
Actividad:
● Diseñe una estación de hábitat en Marte
○ Mars Habitat Station Activity
Escritura:
● Lea el artículo: NASA study uses twins to investigate DNA changes in space
○ Responda la pregunta al fin del artículo.

Astral Bodies

Astral Bodies
by Kirsten Weir

The personal risks that astronauts face in space
Astronauts are heroes, brave men and women who take giant leaps for humankind. No matter
how great the leap, though, their bodies remain stubbornly terrestrial, adapted for life on solid
ground.
Mary Roach takes a look at the personal challenges of space travel in her book, Packing for
Mars: The Curious Science of Life in the Void. What does it take to stay healthy and happy in
the depths of space? The answers, Roach says, are surprising, inspiring, and often pretty
gross.

Space Sanitation
Consider, for instance, basic hygiene. On Earth we take bathing for granted. In a cramped
space capsule-not so much.
The first spacecraft had no bathtubs or showers. And as astronauts ventured farther into
space, the trips got longer and stinkier. NASA's Gemini VII mission in 1965 involved "two
men, two weeks, no bathing, same underwear," writes Roach. By day four, the astronauts
described the stench wafting from their spacesuits as "absolutely horrible."
The first spacecraft had no toilets, either. Astronauts pooped in plastic bags. When bacteria
break down human waste, they release gas as a by-product. To prevent gas from building up
and bursting the bags, the astronauts had to massage a germicide (a solution that kills
bacteria) into the waste. They found the whole process "distasteful," Roach writes.
Fortunately for today's astronauts on the International Space Station, a toilet is on board.

NASA
NASA/Roger Ressmeyer/Corbis- An astronaut cleans a toilet on the space shuttle Endeavour.
ReadWorks.org
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One of the biggest challenges in space is coping with weaker gravity. This is called
microgravity. Gravity is a force of attraction between two objects that have mass. On Earth,
the planet's massive gravity pulls you toward it. In space, tools float away and water droplets
drift off, making it almost impossible to perform everyday tasks. Roach explains, "Everything
you build for space has to be rethought."
Roach got a taste of microgravity aboard a NASA plane nicknamed the "Vomit Comet." It's
designed to fly in parabolas (U-shaped curves). On the downward path of each curve, gravity
weakens, and riders free fall. At this point, riders experience weightlessness.
The sensation of weightlessness was surprising, Roach says. Your arms don't pull down on
your shoulders. Your hair doesn't sit on your scalp. Your organs float up beneath your rib cage
instead of hanging heavily in your gut. "It's like you're unburdened from something you didn't
know was weighing you down," Roach told Current Science. "It's so comfortable, you just feel
giddy. Plus just to fly across the room like Superman-it's a dream!"

Falling Apart
Life with weaker gravity isn't all fun and games. On Earth, working muscles counteract gravity
and enable you to walk and lift objects. With weaker gravity, astronauts' muscles get no
workout. They atrophy (waste away).

AP Images
AP Images- Astronauts exercise to keep their bones and muscles fit.

Space travel also weakens the skeleton. On Earth, every time you run or pick up a heavy
object, your bones experience tiny amounts of damage. Cells called osteocytes sense that
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damage and send in cells to patch it like road crews fixing potholes. "The repaving
strengthens the bones," Roach writes. In space, astronauts don't experience that minute
damage. Their bones aren't "repaved," so they weaken and become brittle.
Muscles recover a few weeks after astronauts return to Earth, Roach writes. It can take
months, however, for bones to build up again. Some studies suggest that an astronaut's
weakened bones never completely recover. That's a concern for NASA, which plans to send
astronauts to Mars. The round-trip journey will take two or three years. No human has ever
been weightless for so long.

NASA
NASA- Astronauts exercise to keep their bones and muscles fit.

High Costs
A Mars expedition raises other health concerns too. Earth's atmosphere protects us from
high-intensity radiation. Too much radiation can cause mutations (random changes) in DNA
that trigger abnormal cell growth. Cancer results. The longer you're in space, the greater the
risk of DNA mutations.
For that reason, NASA will probably send older astronauts to Mars. It takes 10 to 20 years for
radiation damage to result in cancer. So astronauts in their 60s would be nearing the end of
their natural life spans by the time cancer showed up. "There are a lot of astronauts who
would sign up to go to Mars, even knowing full well the dangers," says Roach.
To succeed, a Mars mission would have to be totally sustainable. Practically everything would
have to be recycled. Roach tested one of NASA's sustainability solutions: recycled urine. The
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foul chemicals in it had been filtered by osmosis, a process in which water molecules pass
through a membrane, leaving dissolved particles behind. The resulting liquid was safe to drink
-and surprisingly sweet and tasty, she writes.
A mission to Mars would cost about $500 billion. To Roach, it would be worth every penny, in
part because the lessons learned from it might solve problems related to waste, energy
production, and water shortages on Earth.
"I think we can do it," she says. "I think you'll be seeing someone go to Mars."
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Astral Bodies - Comprehension Questions

Name: ___________________________________ Date: _______________

1. How can the weaker gravity in space negatively affect the health of astronauts?
A. Astronauts' organs may float around in their bodies and become damaged.
B. Astronauts' muscles get no workout and can waste away.
C. Astronauts' bones are repaved in space and they become brittle.
D. Astronauts are not exposed to radiation that can prevent abnormal cell growth.

2. How do the three sections-"Space Sanitation," "Falling Apart," and "High Costs"contribute to the overall structure of the passage?
A. Each section considers the negative and positive effects of space travel.
B. Each section describes a different problem faced by space astronauts.
C. The three sections describe the space shuttle improvements in chronological order.
D. The first two sections describe problems; the third section describes the solution.

3. Read the following sentences from the passage:
"For that reason, NASA will probably send older astronauts to Mars. It takes 10 to 20
years for radiation damage to result in cancer. So astronauts in their 60s would be
nearing the end of their natural life spans by the time cancer showed up. 'There are a
lot of astronauts who would sign up to go to Mars, even knowing full well the dangers,'
says Roach."
What can we conclude from the sentences above?
A. NASA is not committed to saving the lives of any of its aging astronauts.
B. NASA is committed to saving the lives of its aging astronauts, especially those who
are willing to go to Mars.
C. Astronauts of all different age groups are less willing to go to Mars because of the
threat of cancer.
D. Many NASA astronauts would risk radiation, which may lead to cancer, for the chance
to travel to Mars.
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4. Read the sentence:
"No matter how great the leap, though, their bodies remain stubbornly terrestrial,
adapted for life on solid ground."
What does adapted mean as used in this sentence?
A. unaccustomed
B. addicted
C. suited
D. changed

5. Which statement best describes the main idea of the passage?
A. There are several major challenges associated with humans traveling in space.
B. The mission to Mars will solve the major challenges of space travel.
C. There is nothing more worthwhile than space travel, so many astronauts are willing to
risk their lives to participate.
D. It is important for astronauts to stay healthy, so they should limit their space travel.

6. What are two challenges that astronauts going to Mars will face that previous
astronauts have not faced?
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7. The author begins the ninth paragraph by stating, "Life with weaker gravity isn't all
fun and games." Why do you think the author wrote this sentence?

8. Choose the answer that best completes the sentence.
A trip to Mars __________ may be "worth every penny" because it might solve
problems related to waste, energy production, and water shortages on Earth.
A. never
B. ultimately
C. initially
D. above all

ReadWorks.org · © 2020 ReadWorks®, Inc. All rights reserved.

Building a Mars Habitat Station
In this activity, you will research a Mars habitat station and determine what is necessary to allow humans to live
on Mars. You will then design your own Mars habitat station. Use the attached article Mars Habitat, to
research topics about a Mars habitat station. You do not need to read the entire article. It is provided as a
source of information to research ideas about the needs of a Mars habitat. You may search the internet for other
sources as well.
Use Table 1 to collect facts about a Mars habitat station.
Interesting fact from research

Table 1 - Facts about a Mars habitat station.

What more would you like to know about that fact?

Use Table 2 to identify a human need that would be difficult for Mars to provide. Determine what a possible
solution might be to that need.
Human Need
Example: Oxygen to breathe

Mars Fact
Very little oxygen available on
Mars.

Solution
Grow bacteria colonies that
produce oxygen.

Table 2 - Human needs on Mars and their solutions.
Questions:
1. What are two facts you found interesting from your research? Why do you find these facts interesting?

2. What more would you like to know about a Mars habitat station?

3. Would you like to live in a Mars habitat station? Why or why not?

Sketch a top view (blueprint) of your Mars habitat station. Label rooms, exits, devices, etc

1. What features did you add to your Mars habitat station? Why did you add these features?

Optional activity: Using household products such as plastic cups, cardboard, paper, string, etc. create a
3-D model of your Mars habitat station. Take a picture of it and share it with friends, family members,
and/or your science teacher.

Mars habitat
A Mars habitat is a place that humans can live in on
Mars.[2] Mars habitats must contend with surface
conditions that include almost no oxygen in the air,
extreme cold, low pressure, and high radiation.[3]
Alternatively, the habitat may be placed underground,
which helps solve some problems but creates new
difficulties.[4]
One challenge is the extreme cost of building materials
for Mars, which by the 2010s was estimated be about
US$2 million per brick to the surface of Mars.[5] While
the gravity on Mars is lower than that on Earth, there is
increased solar radiation, temperature cycles, and the
high internal forces needed for pressurized habitats to
contain air.[6]
To contend with these constraints, architects have
Mars Ice Home (https://cloudsao.com/MARS-ICEworked to understand the right balance between in-situ
HOME) design for a Mars base (NASA LaRC /
materials and construction, and ex-situ to Mars.[7] For
Clouds Architecture Office, 2016)
example, one idea is to use the locally available regolith
to shield against radiation exposure, and another idea is
to use transparent ice to allow non-harmful light to enter the
habitat.[7] Mars habitat design can also involve the study of local
conditions, including pressures, temperatures, and local materials,
especially water.[7]
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Overview
Significant challenges for Mars habitats are maintaining an artificial
environment and shielding from intense solar radiation. Humans
require a pressurized environment at all times and protection from
the toxic Martian atmosphere. Connecting habitats is useful, as
moving between separate structures requires a pressure suit or
perhaps a Mars rover. One of the largest issues lies in simply getting
to Mars, which means escaping Earth's atmosphere, sustaining the
journey to Mars, and finally landing on the surface of Mars. One
helpful aspect is the Mars atmosphere, which allows for aerobraking,
meaning less need for using propellant to slow a craft for safe
landing. However, the amount of energy required to transfer
material to the surface of Mars is an additional task beyond simply
getting into orbit. During the late 1960s, the United States produced
the Saturn V rocket, which was capable of launching enough mass
into orbit required for a single-launch trip holding a crew of three to
the surface of the Moon and back again. This feat required a number
of specially designed pieces of hardware and the development of a
technique known as the Lunar Orbit Rendezvous. The Lunar Orbit
Rendezvous was a plan to coordinate the descent and ascent vehicles
for a rendezvous in Lunar orbit. Referring to Mars, a similar
technique would require a Mars Excursion Module, which combines
a crewed descent-ascent vehicle and short stay surface habitat. Later
plans have separated the descent-ascent vehicle and surface habitat,
which further developed into separate descent, surface stay, and
ascent vehicles using a new design architecture. In 2010 the Space
Launch System, or growth variants therefore, is envisioned as having
the payload capacity and qualities needed for human Mars missions,
utilizing the Orion capsule.
On the surface of Mars some human needs:
Air
Food
Water
Shelter
Toilet
Sleep
Temperature
Bathing

1990s era NASA design featuring
'spam can' type habitat landers. The
downside may be minimal shielding
for crew, and two ideas are to use
Mars materials, such as ice to
increase shielding, and another is
move underground, perhaps caves

A unique tower design for this World
fair structure, highlights the
alternative forms structure's in new
environments might take

One of the challenges for Mars habitats is maintaining the climate, especially the right temperature in
the right places.[8] Things like electronic gadgets and lights generate heat that rises in the air, even as
there are extreme temperature fluctuation outside.[8][9]
One idea for a Mars habitat is to use a Martian cave or lava tube, and an inflatable air-lock was proposed
by Caves of Mars Project for making use of such a structure.[10] The idea of living in lava tubes has been
suggest later, noted for its potential to provide increased protection from radiation, temperature
fluctuation, Martian sunlight, etc.[11] An advantage of living underground is that it avoids the need to
create a radiation shield above ground.[12] Another idea is to use robots to construct the base in advance
of human's arrival.[12]
The use of living plants or other living biologicals to aid in the air and food
supply if desired can have major impact on the design.[13] An example of
how engineering demands and operational goals can interact, is a reducedpressure green house area. This would reduce the structural demands of
maintain air pressure, but require the relevant plants to survive at that
lower pressure.
Taken to an extreme, the question remains just how a low a pressure
could a plant survive in and still be useful.[14]
A Mars habitat may need to focus on keeping a certain type of plant
alive for example, as part of supporting its inhabitants.[15]
NASA Caves of Mars study suggested the following aspects to a bio
support for inhabitant food in their example:[15]

A mobile habitat on the move, such
as for a circumnavigation of the
planet

Rapid growth
survive in low light
wide pH range
high nutrition
minimal waste
The study noted two plants, duckweed (Lemna minor) and water fern (Azolla filiculoides), as
particularly suitable, and they grow on the surface of water.[16] The Mars habitat would have support the
conditions of this food source, possible incorporating elements from greenhouse design or farming.
Historically, space missions tend to have a non-growing food supply eating out of set amount of rations
like Skylab, replenished with resupply from Earth. Using plants to effect the atmosphere and even
enhance food supply was experimented with the 2010s aboard the International Space Station.
Another issue is waste management. On Skylab all waste was put in a big tank; on Apollo and the Space
Shuttle urine could be vented out into space or pushed away in bags to re-enter Earth's atmosphere.
Considerations for maintain the environment in a closed system included, removal of carbon dioxide,
maintaining air pressure, supply of oxygen, temperature and humidity, and stopping fires. Another issue
with closed system is keeping it free from contamination from emissions from different materials, dust,
or smoke. One concern on Mars is the effect of the fine Martian dust working its way into the living
quarters or devices. The dust is very fine that collects on for example solar panels, as fine as tobacco
smoke. (see also Martian soil)

A Mars habitat in conjunction with other surface elements on Mars (artwork)

Relevant technologies
Some possible areas of needed technology or expertise:
3D Printing
Mars atmospheric entry
Caves of Mars Project
Mars Excursion Module
Aerospace engineering
Space capsule
Plants in space

Orion spacecraft

Context
A Mars habitat is often conceived as part of an ensemble of Mars base and infrastructure
technologies.[17] Some examples include Mars EVA suits, Mars rover, aircraft, landers, storage tanks,
communication structures, mining, and Mars-movers (e.g. Earth-moving equipment).[17]
A Mars habitat might exist in the context of a human expedition, outpost, or colony on Mars.[18]

Air
In creating a habitat for people, some considerations are maintaining the right air temperature, the right
air pressure, and the composition of that atmosphere.
While it is possible for humans to breathe pure oxygen, a pure oxygen atmosphere was implicated in the
Apollo 1 fire. As such, Mars habitats may have a need for additional gases. One possibility is to take
nitrogen and argon from the atmosphere of Mars; however, they are hard to separate from each
other.[19] As a result, a Mars habitat may use 40% argon, 40% nitrogen, and 20% oxygen.[19] See also
Argox, for the argon breathing gas mixture used in scuba diving

A concept to scrub CO2 from the breathing air is to use re-usable
amine bead carbon dioxide scrubbers.[20] While one carbon dioxide
scrubber filters the astronaut's air, the other can vent scrubbed CO2
to the Mars atmosphere, once that process is completed another one
can be used, and the one that was used can take a break.[21]
One unique structural force that Mars habitats must contend with if
pressurized to Earth's atmosphere, is the force of air on the inside
walls.[6] This has been estimated at over 2,000 pounds per square
foot for a pressurized habitat on the surface of Mars, which is
radically increased compared to Earth structures.[6] A closer
comparison can be made to crewed high-altitude aircraft, which
must withstand forces of 1,100 to 1,400 pounds per square foot
when at altitude.[6]

Bubbles of gas in a soft drink (soda
pop)

At about 150 thousand feet of altitude (28 miles (45 km)) on Earth,
the atmospheric pressure starts to be equivalent to the surface of
Mars.[22]

People inside a clear diving bell on
Earth

Atmospheric pressure comparison
Location

Pressure

Olympus Mons summit

0.03 kPa (0.0044 psi)

Mars average

0.6 kPa (0.087 psi)

Hellas Planitia bottom

1.16 kPa (0.168 psi)

Armstrong limit

6.25 kPa (0.906 psi)

Mount Everest summit[23]

33.7 kPa (4.89 psi)

Earth sea level

101.3 kPa (14.69 psi)

Surface of Venus[24]

9,200 kPa (1,330 psi)

Mars habitats with astronauts

See also Effects of high altitude on humans
Temperature
One of the challenges for a Mars habitat is for it to maintain suitable temperatures in the right places in a
habitat.[8] Things like electronics and lights generate heat that rises in the air, even as there are extreme
temperature fluctuation outside.[8][25] There can be large temperature swings on Mars, for example at
the equator it may reach 70 degrees F (20 degrees C) in the daytime but then go down to minus 100
degrees F (−73 C) at night.[26]
Examples of Mars surface temperatures:[26]
Average −80 degrees Fahrenheit (−60 degrees Celsius).

Polar locations in winter −195 degrees F (−125 degrees C).
Equator in summer daytime High 70 degrees F (20 degrees C)

Temporary vs permanent habitation
A short term stay on the
surface of Mars does not
require a habitat to have a
large volume or complete
shielding from radiation.
The situation would be
similar to the International
Space
Station,
where
individuals
receive
an
unusually high amount of
radiation
for
a
short
duration and then leave.[27]
A small and light habitat can
be transported to Mars and
used immediately.
Long
term
permanent
habitats require much more
volume
(i.e.:greenhouse)
and thick shielding to
A vision for habitats published by NASA from CASE FOR MARS from the 1980s,
minimize the annual dose of
featuring the re-use of landing vehicles, in-situ soil use for enhanced radiation
radiation received. This type
shielding, and green houses. A bay for a Mars rover is also visible.
of habitat is too large and
heavy to be sent to Mars,
and must be constructed making use of some local resource.
Possibilities include covering structures with ice or soil, excavating
subterranean spaces or sealing the ends of an existing lava tube.[28]
A larger settlement may be able to have a larger medical staff,
increasing the ability to deal with health issues and emergencies.[18]
Whereas a small expedition of 4–6 may be able to have 1 medical
doctor, an outpost of 20 might be able to have more than one and
nurses, in addition to those with emergency or paramedic
training.[18] A full settlement may be able to achieve the same level
of care as a contemporary Earth hospital.[18]

A human landing on Mars would
necessitate different levels of
support for habitation

Medical
One problem for medical care on Mars missions, is the difficulty in returning to Earth for advanced care,
and providing adequate emergency care with a small crew size.[18] A crew of six might have only trained
at the level of Emergency medical and one physician, but for a mission that would last years.[18] In
addition, consultations with Earth would be hampered by a 7 to 40 minute time lag.[18] Medical risks
include exposure to radiation and reduced gravity, and one deadly risk is a Solar Particle Event that can

generate a lethal dose over the course of several hours or days if the astronauts do not have enough
shielding.[18] The effect of radiation on stored pharmaceuticals and medical technology would have to be
taken into account also.[18]
One of the medical supplies that may be needed is intravenous fluid, which is mostly water but contains
other things so it can be added directly to the human blood stream. If it can be created on the spot from
existing water then it could spare the weight of hauling earth-produced units, whose weight is mostly
water.[29] A prototype for this capability was tested on the International Space Station in 2010.[29]
On some of the first crewed missions, three types of medications that were taken into orbit were an antinausea, a pain-killer, and a stimulant.[30] By the time of ISS, space crew-persons had almost 200
medications available, with separate pill cabinets for Russians and Americans.[31] One of the many
concerns for crewed Mars missions is what pills to bring and how the astronauts would respond to them
in different conditions.[30]
In 1999, NASA's Johnson Space Center published Medical Aspects of Exploration Missions as part of the
Decadal Survey.[18] On a small mission it might be possible to have one be a medical doctor and another
be a paramedic, out of a crew of perhaps 4–6 people, however on a larger mission with 20 people there
could also be a nurse and options like minor surgery might be possible.[18] Two major categories for
space would be emergency medical care and then more advanced care, dealing with a wide range
concerns due to space-travel.[18] For very small crews its difficult to treat a wide range issues with
advanced care, whereas with a team with an overall size of 12–20 on Mars there could be multiple
doctors and nurses, in addition to EMT-level certifications.[18] While not at the level of a typical Earth
hospital this would transition medical are beyond basic options typical of very small crew sizes (2–3)
where the accepted risk is higher.[18]
One idea to enhance under-qualified crew who might need to perform an advanced surgery, is to have a
robotic surgery machine on Mars which would be operated by a crew-member with help via
telecommunications from Earth.[32] Two examples of medical-care situations that been mentioned in
regard to people on Mars is how to deal with a broken leg and an appendicitis.[32] One concern is to stop
what would otherwise be a minor injury becoming life-threatening due to restrictions on the amount of
medical equipment, training, and the time-delay in communication with Earth.[33] The time delay for a
one way message ranges from 4 to 24 minutes, depending.[34] A response to a message takes that time,
the delay processing the message and creating a reply, plus the time for that message to travel to Mars
(another 4 to 24 minutes).[34]
Examples of acute medical emergency possibilies for Mars missions:[18]
Wounds, lacerations, and burns
Exposure to a toxin
Acute allergic reactions (anaphylaxis)
Acute radiation sickness
Dental
Eye (Ophthalmologic)
Psychiatric
An example of spaceflight related health emergency was the inert gas asphyxiation with nitrogen gas
aboard Space Shuttle Columbia in 1981, when it was undergoing preparations for its launch [35] In that
case, a routine purge with nitrogen to decrease risk of fire lead to 5 medical emergencies and 2
deaths.[35] Another infamous space related accident is the Apollo 1 incident, when a pure oxygen

atmosphere ignited in the interior of space capsule during tests on the ground, three died.[36] A 1997
study of about 280 space travelers between 1988 and 1995, found that only 3 did not have some sort of
medical issue on their spaceflight.[37] A medical risk for a Mars surface mission is how, after several
months in zero gravity, they astronauts will handle operations on the surface.[37] On Earth, astronauts
must often be carted from the spacecraft and take a long time to recover.[37]
See Space medicine

Library
One idea for a Mars missions is a library sent to the surface of that
planet.[38] The Phoenix lander, which landed on the North polar
surface of Mars in 2008, included a DVD library that was heralded
as the first library on Mars.[38] The Phoenix library DVD would be
taken by future explorers who could access the content on the
disk.[38] The disc, both a memorial to the past and a message to the
future, took 15 years to produce.[38] The content on the disc includes
Visions of Mars.[38] One idea for exploration is knowledge arks for
space, a sort of back-up of knowledge in case something happens to
Earth.[39]
The Biodome 2 spaceflight and closed-loop biosphere test included a
library with the living quarters.[40] The library was positioned at the
top of a tower, and known as Library tower.[40][41]

Library Tower of Biodome 2, an
Earth analog space habitat tested in
the 1990s

Meteor impacts
Another consideration for Mars habitats, especially for long-term
stay, is the need to potentially deal with a meteor impact.[42][6] The
atmosphere is thinner so more meteors make it to the surface, so
one concern is if a meteor punctured the surface of the habitat
causing a loss of pressure or damaging systems.[42][6]

Fresh impact craters detected in the
early 2000s by Mars satellites

In the 2010s it was determined that something struck the surface of
Mars, creating a spattering pattern of larger and smaller craters
between 2008 and 2014.[43] In this case the atmosphere only
partially disintegrated the meteor before it struck the surface.[42]

Radiation
Radiation exposure is a concern for astronauts even on the surface, as Mars lacks a strong magnetic field
and atmosphere is thin to stop as much radiation as Earth. However, the planet does reduce the
radiation significantly especially on the surface, and it is not detected to be radioactive itself.
It has been estimated that sixteen feet (5 meters) of Mars regolith stops the same amount of radiation as
Earth's atmosphere.[44]

Power
For a 500-day crewed Mars mission NASA has studied using solar
power and nuclear power for its base, as well as power storage
systems (e.g. batteries).[45] Some of the challenges for solar power
include a reduction in solar intensity because Mars is farther from
the sun, dust accumulation, and periodic dust storms, in addition to
the usual challenges of solar power such as storing power for the
night-time.[45] One of the difficulties is enduring the global Mars
dust storms, which cause lower temperatures and reduce sunlight
Space art illustrating a group
reaching the surface.[45] Two ideas for overcoming this are to use an
approaching the Viking 2 lander
additional array deployed during a dust storm and to use some
probe, which were supported by
nuclear power to provide base-line power that is not affected by the
RTG power
storms.[45] NASA has studied nuclear-power fission systems in the
2010s for Mars surface missions.[46] One design was planned for an
output of 40 kilowatts, and its more independent of the sunlight reaching the surface of Mars which can
be affected by dust storms.[46][47]
Another idea for power is to beam the power to the surface, a solar power satellite would send the power
down to the surface to a rectifying antenna (aka rectenna) receiver.[48] 245 GHz, laser, in-situ rectenna
construction, and 5.8 GHz designs have been studied.[49] One idea is combine this technology to with
Solar Electric Propulsion to achieve a lower mass that the surface solar power.[49] The big advantage is
that the rectennas should be immune to dust and weather changes, and with the right orbit, a solar
power Mars satellite could beam power down continuously to the surface.[49]
Technology to clean dust off the solar panels was considered for Mars Exploration Rover's
development.[50] In the 21st century there have been proposed ways of cleaning off solar panels on the
surface Mars that are accumulating dust.[51] The effects of Martian surface dust on solar cells was
studied in the 1990s by the Materials Adherence Experiment on Mars Pathfinder.[52][53][54]
Lander power (examples)
Name

Main Power

Viking 1 & 2

Nuclear – RTG

Mars Pathfinder

Solar panels

MER A & B

Solar panels

Phoenix

Solar panels

MSL

Nuclear – RTG

History
One early idea for a Mars habitat was to use put short stay accommodation in a Mars ascent-descent
vehicle. This combination was called a Mars Excursion Module, and also typically featured other
components such as basic rover and science equipment. Later missions tended to shift to a dedicated
descent/ascent with a separate habitat.

In 2013 ZA architects proposed having digging robots
build a Mars habitat underground.[4] They chose an
interior inspired by Fingal's Cave and noted the
increased protection from high-energy radiation below
ground.[4] On the other hand, the issue of the difficulty of
sending digging robots that must construct the habitat
versus landing capsules on the surface was also noted.[4]
An alternative may be to build above ground, but use
thick ice to shield from radiation but with advantage that
it lets visible light in.[2]

NASA vision for the first Humans On Mars
(Artist Concept; 2019)

In 2015 the SHEE project noted the idea of autonomous
construction and preparation for Mars habitat versus
human construction.[55]

NASA
In early 2015 NASA outlined a conceptual plan for three stage Mars
habitat design and construction award program.[56] The first stage is
a design only, then in the next stage a construction technology based
using discarded spacecraft components is conducted, and finally
building an actual habitat for Mars using 3D printing technology.[56]
In September 2015, NASA announced the winners of its 3-D Printed
Habitat Challenge.[57] The winning submission titled 'Mars Ice
House'[58] by Clouds Architecture Office / SEArch proposed a 3Dprinted double ice shell surrounding a lander module core.[2] Two
European teams were awarded runner up prizes.[57] The contenders
explored many possibilities for materials, with one suggesting
separately refining iron and silica from the Martian dust and using
the iron to make a lattice-work filled in with silca panels.[59] There
were 30 finalists selected from an initial pool of 165 entries in the
habitat challenge.[60]
The second-place winner proposed the printing robots build a shield
out of in-situ materials around inflatable modules.[61] Another
NASA project that has developed extraterrestrial surface habitats is
the X-Hab challenge and the Habitation Systems Project.[62][63]

NASA six-legged mobile habitat
module (TRI-ATHLETE)

Habitat Demonstration Unit of the
Desert Research and Technology
Studies

The Sfero House by Fabulous also a contender in the 3D Mars
Habitat program, featured levels above and below ground level.[64]
The proposed location was Gale crater (of Curiosity rover fame) with
a focus on using both in-situ iron and water which would hopefully be available there.[64] It has a double
walled spherical design filled with water to both keep the higher-pressure of Mars habitat in, but help
protect against radiation.[64]
In 2016, NASA awarded the first prize of its In-Situ Materials Challenge to University of Southern
California engineering professor Behrokh Khoshnevis "for Selective Separation Sintering -- a 3Dprinting process that makes use of powder-like materials found on Mars." [65]

In 2016 NASA Langley showed the Mars Ice Dome, which used in-situ water to make an ice structure
part of the design a Mars habitat.[66] (see also Igloo)
In June 2018, NASA selected the top ten finalists of Phase 3: Level 1 in the 3D-Printed Habitat
Challenge.[67]
Phase 3: Level 1 Winners:[67]
ALPHA Team – Marina Del Rey, California
Colorado School of Mines and ICON – Golden, Colorado
Hassell & EOC – San Francisco, California
Kahn-Yates – Jackson, Mississippi
Mars Incubator – New Haven, Connecticut
AI. SpaceFactory – New York, New York
Northwestern University – Evanston, Illinois
SEArch+/Apis Cor – New York, New York
Team Zopherus – Rogers, Arkansas
X-Arc – San Antonio, Texas
In May 2019, NASA announced that the top winner of the 3D Printed Habitat Challenge was from AI
SpaceFactory, with an entry called "Marsha," and there was several other prizes awarded also.[68] In the
final challenge contestants had 30 hours to build 1/3 scale models using robotic construction
technology.[68]

Mars analogs and analog habitat studies
Mock Mars missions or Mars analog missions typically construct
terrestrial habitats on Earth and conduct mock missions, taking
steps to solve some of the problems that could be faced for one on
Mars.[69] An example of this was the original mission of Biosphere 2,
which was meant to test closed ecological systems to support and
maintain human life in outer space.[70] Biosphere 2 tested several
people living in closed loop biological system, with several biological
areas in support including rainforest, savannah, ocean, desert,
marsh, agriculture, and in an area in support of a living space.[71]
An example of Mars analog comparison mission is HI-SEAS of the
2010s. Other Mars analog studies include Mars Desert Research
Station and Arctic Mars Analog Svalbard Expedition

Biosphere 2 tested a closed-loop
greenhouse and accommodation in
the early 1990s

Australia Mars Analog Research Station
Flashline Mars Arctic Research Station
MARS-500
Concordia Station
The ISS has also been described as a predecessor to Mars expedition, and in relation to a Mars habitat
the study importance and nature of operation a closed system was noted.[72]

At about 28 miles (45 km, 150 thousand feet ) Earth altitude the pressure starts to be equivalent to Mars
surface pressure.[22]
An example of regolith simulant is Martian regolith simulant (further information about Mars analogs
List of Mars analogs)

Biodomes

Interior of the ESO Hotel which has
been called a "boarding house on
Mars", because the desert
surroundings are Mars-like; it
houses observatory staff at an
observatory in the high Chilean
desert.[73]

Illustration of plants growing in a Mars base.

One example concept that is or is in support of habitat is a Mars
biodome, a structure that could hold life generating needed oxygen
[74]
and food for humans.
An example of activity in support of this goals, was a program to develop
bacteria that could convert the Martian regolith or ice into oxygen.[74] Some issues with biodomes are
the rate at which gas leaks out and the level of oxygen and other gases inside it.[71]
One question for Biodomes is how low the pressure could be lowered to, and the plants still be useful.[13]
In one study where air pressure was lowered to 1/10 of Earth's air pressure at the surface, the plants had
a higher rate of evaporation from its leaves.[13] This triggered the plant to think there was drought,
despite it having a steady supply of water.[13] An example of a crop NASA tested growing at lower
pressure is lettuce, and in another test green beans were grown at a standard air pressure, but in low
Earth orbit inside the International Space Station.[75]
The DLR found that some lichen and bacteria could survive in simulated Martian conditions, including
air composition, pressure, and solar radiation spectrum.[76] The Earth organisms survived for over 30
days under Mars conditions, and while it was not known if they would survive beyond this, it was noted
they seemed to be performing photosynthesis under those conditions.[76]
To convert the entirety of Mars into a biodome directly, scientists have suggested the cyanobacteria
Chroococcidiopsis.[77] This would help convert the regolith into soil by creating an organic element.[77]
That bacteria is known to survive in extremely cold and dry conditions on Earth, so might provide a basis
for bioengineering Mars into a more habitable place.[77] As the bacteria reproduces the dead ones would
create an organic layer in the regolith potentially paving the way for more advanced life.[77]
A study published in 2016 showed that cryptoendolithic fungi survived for 18 months in simulated Mars
conditions.[78][79]

On Earth, plants that utilize the C4 photosynthesis reaction account for 3% of flowering plant species but
23% of carbon that is fixed, and includes species popular for human consumption including corn (aka
maize) and sugar cane; certain types of plants may be more productive at producing food for a given
amount of light.[80] Plants noted for colonizing the barren landscape in the aftermath of the Mt Saint
Helen's eruption included Asteraceae and Epilobium, and especially Lupinus lepidus for its (symbiotic)
ability to fix its own nitrogen.[81] (see also Category:Nitrogen-fixing crops, Rhizobia, Nitrogen fixation)

In-situ resources
In situ resource utilization
involves
using
materials
encountered on Mars to produce
materials needed. One idea for
supporting a Mars habitat is to
extract subterranean water,
which, with sufficient power,
could then be split into
Pine trees have been suggested, in
hydrogen and oxygen, with the
combination with other techniques
intention of mixing the oxygen
for creating more hospitable
with nitrogen and argon for
atmosphere on Mars.[82]
breathable air. The hydrogen
can be combined with carbon
dioxide to make plastics or
methane for rocket fuel.[83] Iron has also been suggested as a
building material for 3D printed Mars habitats.[64]

A concept for a combined surface
habitat and ascent vehicle from the
1990s era Design Reference
Mission 3.0-based mission, that
integrated in-situ resources
production in this case for propellant

In the 2010s the idea of using in-situ water to build an ice shield for protection from radiation and
temperature, etc. appeared in designs.[66]
A material processing plant would use Mars resources to reduce reliance on Earth provided material.[84]
The planned Mars 2020 mission includes Mars Oxygen ISRU Experiment (MOXIE), which would
convert Mars carbon dioxide into oxygen.
To convert the whole of Mars into a habitat, increased air could come from vaporizing materials in the
planet.[82] In time lichen and moss might be established, and then eventually pine trees.[82]
There is a theory to make rocket fuel on Mars, by the Sabatier process.[82] In this process hydrogen and
carbon dioxide are used to make methane and water.[82] In the next step, the water is split into hydrogen
and oxygen, with the oxygen and methane being used for a Methane-Oxygen rocket engine, and the
hydrogen could be re-used.[82] This process requires a large input of energy, so an appropriate power
source would be needed in addition to the reactants.[82]

NASA study uses twins to investigate DNA
changes in space
By How Stuff Works, adapted by Newsela staff on 04.16.19
Word Count 881
Level 1040L

Brothers Mark Kelly and Scott Kelly participated in the landmark NASA twins study. Photo by: NASA

Have you ever wondered what happens to the human body when it's suspended in space for an
extended period of time? Based on Hollywood movies, men and women who navigate the stars
always seem to be just fine by the time they land back on Earth. Are astronauts so lucky in the real
world? NASA made it its mission to find out, and the results may surprise you.
Researchers from John Hopkins, Stanford and other institutions published a groundbreaking new
DNA study. It was published in the April 12 issue of the journal Science. The study reveals that
after a year in space, astronaut Scott Kelly experienced no major, long-term differences to his
epigenome compared to that of his twin brother, Mark Kelly, who stayed firmly planted on
Earth. The epigenome is the record of chemical changes to DNA.
Implications Not Clear Yet

The scientists behind the study say the implications of their work aren't entirely clear yet.
However, it appears additional research on the genomes of astronauts in space could help predict
This article is available at 5 reading levels at https://newsela.com.

what kinds of unique health issues they may be at risk for. The genome is one's complete set of
genetic material. Genes are made up of DNA, which contains the instructions for how each part of
the body works and is passed on from parents to children.
J.D. Polk is the leading health and medical officer for NASA headquarters. "The Twins Study has
been an important step toward understanding epigenetics and gene expression in human
spaceflight," he said in a statement. "This has helped inform the need for personalized medicine
and its role in keeping astronauts healthy during deep space exploration."
Known And Unknown Dangers

Putting your body in space has many dangers. It exposes you to harmful ultraviolet rays and
radiation. It means limited food and exercise, lower gravity, disrupted sleep cycles and an
unknown number of other potential dangers. Scientists have spent decades studying the effects of
space travel on astronauts, but most of these men and women have traveled on missions that max
out at six months. In order to travel somewhere, like say, Mars, missions need to be much
longer. Scientists say it's critical to understand the effects these super-extended missions have on
the human body.
Andrew Feinberg is a professor of medicine, biomedical engineering and mental health at Johns
Hopkins University in Maryland. "This is the dawn of human genomics in space," he said in a
statement. "We should be doing more research to draw conclusions about what happens to
humans in space."
When scientists talk about epigenetic changes, they're referring to chemical DNA changes. These
tiny alterations may have a major effect on a person's health. Epigenetic changes simply change
how genes are expressed. They do not change a person's genetic code itself. Potential problems
pop up when epigenetic changes happen at the wrong time or place. In turn, they cause certain
genes to turn on or off at the inappropriate time and place. Epigenetic changes happen in natural
processes like aging. They also happen when one has a disease like cancer.
A major advantage of this new research is the fact that it studies twins who naturally have the
same genetic material. The study subjects offer a rare and unique glimpse into the potential for
long-term genetic changes in space. However, the researchers are quick to admit the study was too
small, and more testing is essential. "Since we only have two people in our study, we can't say that
these changes are due to space travel itself," Feinberg said. "We need more studies of astronauts to
draw such conclusions."
Rocket Transported Blood Samples To Earth

The study involved collecting blood samples, data about physical health and measurements of
mental activity from each Kelly twin. The data was collected at various points over a 27-month
period. It was collected before, during and after Scott's one-year space mission. If you're
wondering how in the world Scott's samples reached the scientists from space, they were
transported via a rocket. Yes, seriously.
In the future, scientists hope to process and store samples onboard the International Space Station
itself. However, for the purposes of this study, samples were rocketed back to Earth and processed
within 48 hours. Then Feinberg and his team examined the brothers' genomes. They looked for
epigenetic changes.
This article is available at 5 reading levels at https://newsela.com.

Generally speaking, there were just about as many epigenetic changes in Scott as there were in his
twin. The biggest difference was observed nine months into Scott's space mission. There were
changes near genes that handle immune system response. The immune system protects the body
from diseases. The researchers believe these changes were because Scott had signs
of inflammation. This is a normal response when the body is hurt or sick and needs to heal.
No Massive Disruption

Lindsay Rizzardi is a senior scientist at the HudsonAlpha Institute for Biotechnology in
Alabama. "It was encouraging to see that there was no massive disruption of the epigenome in
either Mark or Scott," she said in a statement. "However, with only two people in the study, we're
limited in the conclusions we can draw about the effect of space travel on the genome."
"The findings give us clues to what we should examine more closely in future studies of
astronauts," she said.

Writing Prompt: What was the final conclusion of the researchers on how space affects
DNA? What are epigenetics and how are they part of this study? What further research do
you think scientists can do to study the impacts of space travel on DNA?

This article is available at 5 reading levels at https://newsela.com.
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Write About Academic Information
Use the information in the graphic organizer to answer the two
questions.
The Missing Purse

Write one sentence explaining why Jovanny and his mom weren’t
able to see the purse in the car. Use at least two details from the
graphic organizer.
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
One of your group members thinks the story, The Missing Purse, has
a boring ending. Using the information in the graphic organizer,
explain to your group member why The Missing Purse has a
satisfying ending. Make sure you write a paragraph of at least three
sentences.
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________

H.U.S.D. Secondary
Suggested Daily Schedule
Time

Suggested Enrichment Activities & Resources
(Modify as needed based on your family’s needs.)

8:00 - 9:00 a.m.
9:00 - 9:45 a.m.

☀ Start your day: Wake up, stretch, make your bed, eat breakfast, clean up your dishes, and get
ready for the day!

🧮 Math: Complete a Math Enrichment Activity from the provided packet or from the H.U.S.D. math
digital resources at HemetLearnsTogether.org.

9:45 - 10:00 a.m.
10:00 - 10:45 a.m.

🧠 Brain Break: Use the restroom, stretch, & eat a healthy snack!
📚 English Language Arts:  Complete an ELA Enrichment Activity from the provided packet or from

the H.U.S.D. ELA digital resources at HemetLearnsTogether.org.. Then spend 20-30 minutes reading
a book!
10:45 - 11:30 a.m.
11:30 - 12:30 p.m.
12:30 - 1:00 p.m.

😅 Exercise Break: T ake a walk outside or try some workout programs on darebee.com.
🥪
Lunch & Free Time: Eat lunch, clean up your dishes, use the restroom, and do something you
enjoy! (Check Hemetusd.org for updated lunch pick-up day, time, & locations.)
📓 Creative Writing/Journaling: S pend some time writing about a topic of your choice! Write your
own stories or poems or keep a journal of your thoughts.
Here are some writing prompts to get you started:
● What are you excited or worried about?
● Write a letter to yourself 10 years in the future. What do you want to tell your future self?
● How do you think the world will be different after the coronavirus pandemic?
Explore more journal topics here or create your own!

1:00 - 2:45 p.m.

🧪 Science: Complete a S cience Enrichment Activity from the provided packet or from the
H.U.S.D. science digital resources at HemetLearnsTogether.org..

2:45 - 3:00 p.m.
3:00 - 3:30 p.m.

🧠 Brain Break: Use the restroom, stretch, & eat a healthy snack!
📜 Social Studies: Complete a Social Studies Enrichment Activity from the provided packet or
from the H.U.S.D. social studies digital resources at HemetLearnsTogether.org.
Explore additional enrichment activities at HemetLearnsTogether.org

#HemetLearnsTogether

Distrito Escolar Unificado de Hemet
Tabla de Actividades Sugeridas
Tiempo
Aproximado
8:00-9:00 a.m.
9:00 - 9:45 am

Actividades y Recursos de Enriquecimiento Sugeridos
(Modificar según s ea necesario según las necesidades de su hijo /hija.)
☀ Para empezar el día: Despierta, estirar, hacer la cama, desayunar, limpia tus platos y prepárate
para el día!

🧮 Matemáticas: Complete una a ctividad de enriquecimiento matemático del paquete provisto o
de los recursos digitales matemáticos a HemetLearnsTogether.org.

9:45 - 10:00 am
10:00 - 10:45 am

🧠 Rotura de Cerebro:: Use el baño, estirar y comer una merienda saludable!
📚 Artes del Lenguaje en Inglés:  Complete una a ctividad de enriquecimiento de ELA del paquete
provisto o de los recursos digitales de ELA a HemetLearnsTogether.org. ¡Entonces pasé 20-30
minutos leyendo un libro!

10:45 - 11:30 am
11:30 - 12:30 pm

😅
Pausa Para Ejercicio: Salga a caminar o pruebe algunos programas de entrenamiento en
darebee.com.
🥪
Almuerzo y Tiempo Libre: Almorzar y, limpie sus platos, use el baño y haga algo que disfrute!
(Visite Hemetusd.org para conocer el día, la hora y los lugares de recogida del almuerzo
actualizados.)

12:30 - 1:00 pm

📓Escritura Creativa /Diario: Dedique algo de tiempo a escribir sobre un tema de su elección!
Escribe tus propias historias o poemas o lleva un diario de tus pensamientos.
Aquí hay algunos consejos de escritura para comenzar:
● ¿Por qué está emocionado o preocupado?
● Escribe una carta 10 años en el futuro. ¿Qué quieres decir a tu futuro yo?
● ¿Cómo crees que el mundo será diferente después de la pandemia de coronavirus?
¡Explore más temas de revistas aquí o cree el suyo propio!

1:00 - 2:45 pm

🧪 Ciencia: Complete una a ctividad de enriquecimiento de la ciencia del paquete provisto o de los
recursos digitales de cienci aa HemetLearnsTogether.org.

2:45 - 3:00 pm
3:00 - 3:30 pm

🧠 Rotura de Cerebro: Usa el baño, estira y come un bocadillo saludable!
 studios Sociales: Complete una a ctividad de enriquecimiento de estudios sociales del paquete
E
provisto o de los recursos digitales de estudios sociales a HemetLearnsTogether.org.
Explore actividades de enriquecimiento adicionales en HemetLearnsTogether.org

#HemetLearnsTogether

THINKING ABOUT TEXTS

Questions & Sentence Frames to use while reading Literature & Informational Texts
Preface: When reading, we can improve our comprehension by periodically stopping to ask ourselves questions about the
text. The questions we ask will vary depending on the type of text we’re reading.
Below you’ll find text analysis questions divided into two categories: literary (fiction) and informational (expository). While
you’re reading, or once you’ve finished, take some time to consider a few of these questions. Discuss your thoughts with
someone in order to hear yourself speak your ideas aloud. In a writing journal, write a brief response to the question(s) of
your choice. Cite evidence from your text to support your response. Sentence frames have been provided to support you in
your thinking and writing.

Literary (Fiction) Text Analysis
Plot

What is the story about? What are the main events in the story, and how are they related to each other? Are the
main events of the story arranged chronologically or in some other way? Explain. Use evidence from the text.
● The story ___________is about ____________.
● The main event is ___________. The main event involves ___________.
● Another important event is _______________.
● These events are related (connected) because ____________.
● The events are arranged ___________. Evidence to support this includes ______.

Setting

Where does the action take place? How does the setting affect characters in the story? Describe social forces that
shape the characters (political, social, economic, religious, educational, etc.)
● The action occurs __________________.
● _________is influenced by _______(aspect of the setting) because ___________.
● ________ is shaped by ______ forces. Evidence to support this includes _______.

Character

What are some of the chief characteristics (personality traits) of the main character? How are these
characteristics revealed in the story?
● The main character __________seemed______________because_______________.

Point of View

From what point of view is the story told? How do you know? How does this affect the telling of the story?
● The author uses_______________ to tell the story. Evidence to support this includes__________.
● First-person point of view affects the story by____________________________.

Imagery

What scenes, moments, descriptive passages, phrases or words stand out in your reading of the story?
● I could visualize _______________ because of the author’s use of ____________.
● I felt ______________ when the author used _____________to describe ____________.

Tone

What is the author’s attitude toward actions/events in the story? Is the story tragic, humorous, frightening? How
does the author want the reader to react?
● The story has a _________________ feeling because the author uses______________.
● As a reader, I feel __________________ because ___________________.

Theme

What theme(s) does this story reveal? Does the theme(s) support or oppose popular notions of life? Does it offer
new insight about the human experience or support traditional ideas?
● One theme of the story is_____________________.
● The theme connects to life by_______________________________.

Informational (Expository) Text Analysis
Main Idea

What point is the author making in the text?
● The author’s first point is ______________.
● The author makes several points. To begin with,_____________. Additionally, _______.

Supporting Details

What evidence does the author use to support each point?
● The author supports the point that_______by stating _______.

Claims

What is the main claim the author makes in the text?
● The author’s main claim is ________________.

Paraphrasing

How would you paraphrase what the author is saying?
● Another way to say this would be_______.
● In other words, the author is saying____________.

Summarizing

How would you summarize what the author is saying?
● In summary,_______________
● To summarize, the author’s main points are________________.

Agree/Disagree

Are the ideas in this passage correct or reasonable? Do you agree or disagree with them? Why?
● I agree/disagree with the author’s claim that_______________ because___________.

Text Connections
(Compare/ Contrast)

How does this passage relate to other texts you have read?
● This passage is similar to ______________because________________.
● This passage differs from _____________because________________.

After reading literary OR informational texts, use the sentence starters below in a journal to reflect on and/or form opinions
about what you have read.
Reflective

Sentence Starters

I wonder…

I was reminded of…

I was surprised that…

I began to think of…

I can’t believe…

It is interesting that…

I suppose that…

If I had been…

I don’t really understand…

I don’t see how…

It bothers me when…

I agree with this because…

I like the idea…

Why did…

I disagree with this because…

I noticed that…

How did…

I think the author intends…

PENSANDO EN LOS TEXTOS

Preguntas y marcos de oraciones para usar al leer literatura y textos informativos
Prólogo: Al leer, podemos mejorar nuestra comprensión deteniéndonos periódicamente para hacernos preguntas sobre el
texto. Las preguntas que hacemos variarán según el tipo de texto que leamos.
A continuación, encontrarás preguntas de análisis del texto divididas en dos categorías: l iterarias (ficción) e i nformativas
(expositivas). Mientras estás leyendo, o una vez que hayas terminado, tómate un tiempo para considerar algunas de estas
preguntas. Habla con alguien de lo que piensas para poder escuchar tus ideas en voz alta. En un diario, escribe una breve
respuesta a la(s) pregunta(s) de tu elección. Cita evidencia de tu texto para respaldar tu respuesta. Se han proporcionado
marcos de oraciones para apoyarte en tus ideas y escritura.

Análisis de Texto Literario (Ficción)
Trama

¿Sobre qué es la historia? ¿Cuáles son los principales eventos de la historia y cómo se relacionan entre sí? ¿Los
principales eventos de la historia están ordenados cronológicamente o de alguna otra manera? Explica. Usa evidencia
del texto.
● La historia ___________ es sobre ____________.
● El evento principal es ___________. El evento principal involucra ___________.
● Otro evento importante es _______________.
● Estos eventos están relacionados (conectados) porque ____________.
● Los eventos se organizan ___________. La evidencia para apoyar esto incluye ______.

Escenario

¿Dónde se lleva a cabo la acción? ¿Cómo afecta el escenario a los personajes de la historia? Describa las fuerzas
sociales que dan forma a los personajes (políticos, sociales, económicos, religiosos, educativos, etc.)
● La acción ocurre __________________.
● _________ está influenciado por _______ (aspecto del entorno) porque ___________.
● ________ está formado por ______ fuerzas. La evidencia para apoyar esto incluye _______.

Personaje

¿Cuáles son algunas de las principales características (rasgos de personalidad) del personaje principal? ¿Cómo se
revelan estas características en la historia?
● El personaje principal __________parecía______________porque_______________.

Punto de vista

¿Desde qué punto de vista se cuenta la historia? ¿Cómo lo sabes? ¿Cómo afecta esto a la narración de la historia?
● El autor usa _______________ para contar la historia. La evidencia para apoyar esto incluye ______.
● El punto de vista en primera persona afecta la historia por ____________________________.

Imaginería

¿Qué escenas, momentos, pasajes descriptivos, frases o palabras se destacan en su lectura de la historia?
● I Pude visualizar _______________ debido al uso del autor de ____________.
● Me sentí ______________ cuando el autor usó _____________ para describir ____________.

Tono

¿Cuál es la actitud del autor hacia las acciones/eventos en la historia? ¿Es la historia trágica, humorística,
aterradora? ¿Cómo quiere el autor que reaccione el lector?
● La historia tiene un sentimiento de _________________ porque el autor usa______________.
● Como lector, me siento __________________ porque ___________________.

Tema

¿Qué tema(s) revela esta historia? ¿El tema(s) apoya o se opone a las nociones populares de la vida? ¿Ofrece una
nueva visión sobre la experiencia humana o apoya las ideas tradicionales?
● Un tema de la historia es _____________________.
● El tema se conecta a la vida por _______________________________.

Análisis de Texto Informativo (Expositivo)
Idea principal

¿Qué punto quiere hacer el autor en el texto?

●
●
Detalles de apoyo

Detalles de apoyo

●
Afirmaciones

En resumen,_______________
En resumen, los puntos principales del autor son ________________.

¿Son las ideas de este pasaje correctas o razonables? ¿Estás de acuerdo o en desacuerdo con ellos?¿Por qué?

●
Conexiones de
texto (Comparar/
Contraste)

Otra forma de decir esto sería _______.
En otras palabras, el autor está diciendo ____________.

¿Cómo resumirías lo que dice el autor?

●
●
De acuerdo/
en desacuerdo

La afirmación principal del autor es ________________.

¿Cómo parafrasearías lo que dice el autor?

●
●
Resumiendo

El autor apoya el punto que _______ indicando _______.

¿Cuál es la afirmación principal que el autor hace en el texto?

●
Parafraseando

El primer punto del autor es ______________.
El autor hace varios puntos. Para empezar con,_____________. Además, _______.

Estoy de acuerdo/no estoy de acuerdo con la afirmación del autor que _______________ porque ___.

¿Cómo se relaciona este pasaje con otros textos que has leído?

●
●

Este pasaje es similar a ______________ porque _________________.
Este pasaje difiere de _____________ porque _________________.

Después de leer textos literarios o informativos, utiliza los iniciadores de oraciones a continuación en un diario para
reflexionar y/o formar opiniones sobre lo que has leído.
Iniciadores de Oraciones Reflexivas
Me pregunto

Me recordó de…

Me sorprendió que…

Empence a pensar en…

No puedo creer…

Es interesante que…

Supongo que…

Si hubiera sido…

Realmente no entiendo…

No veo cómo…

Me molesta cuando…

Estoy de acuerdo con esto porque…

Me gusta la idea…

¿Por qué…

No estoy de acuerdo con esto porque…

Me di cuenta de que…

¿Cómo fue…

Creo que el autor tiene la intención de…

