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  Nature of Science and Experimental Design



  [image: 📝]   Lesson 1: Scientific Inquiry

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1294




  Scientific Inquiry is the way scientists learn about the world.
It means asking questions, looking closely, testing ideas, and sharing what we learn.
You can be a scientist too. When you wonder, "What will happen if I put a plant in the sun?" or "Which toy car rolls farther?" you are starting scientific inquiry.
Scientific inquiry helps us answer questions about nature in a careful way. We do not just guess. We observe, test, and check.
1. Ask a testable question
A testable question is a question you can answer by observing, measuring, or doing a simple test.
	Testable: "Do plants grow better in sunlight or in shade?"
	Testable: "Which paper towel soaks up more water?"
	Not testable: "Is summer the best season?"
	Not testable: "Are puppies the cutest animals?"

A good scientific question is about something you can see, count, compare, or measure.
2. Learn a little first
Before testing, scientists often do background research. That means they learn a little more first.
For a 2nd grader, this can mean:
	Reading a book
	Looking at pictures
	Asking a teacher
	Watching nature carefully

If you want to know whether worms like wet soil, you might first learn that worms live in dirt and need moisture.
3. Make a prediction
A prediction is what you think will happen.
You can say, "I think the plant in the sun will grow taller."
A prediction is not a random guess. It is an idea based on what you already know.
4. Plan a fair test
A fair test means you change one thing and keep the other things the same.
For example, if you are testing sunlight and plants, the plants should have:
	The same kind of plant
	The same size pot
	The same amount of water
	The same kind of soil

The one thing you change is the amount of sunlight.
This helps you know what caused the change.
5. Observe and collect data
Observe means to look carefully using your senses.
Data is the information you collect. Data can be:
	Words: "The leaf looks green."
	Numbers: "The plant is 8 inches tall."
	Counts: "3 seeds sprouted."

Scientists write down what they notice. This helps them remember and compare.
You can make a simple chart like this:
Day 1: Plant A = 4 inches, Plant B = 4 inches
Day 5: Plant A = 7 inches, Plant B = 5 inches
6. Look at the data
After the test, scientists look at the data and think, "What does this tell me?"
If one plant grew taller, the data helps show that.
Sometimes the answer is clear. Sometimes scientists need more tests.
7. Make a conclusion
A conclusion tells what you learned from your test.
For example: "The plant in sunlight grew taller than the plant in shade."
A conclusion should match the data you collected.
8. Share findings
Scientists tell others what they did and what they learned.
You can share by:
	Talking to the class
	Drawing a picture
	Making a chart
	Writing a few sentences

Sharing helps other people learn too.
Scientific claims and non-scientific claims
A scientific claim is an idea that can be tested with observations or experiments.
A non-scientific claim is an idea that cannot be tested in that way.
	Scientific claim: "Bean plants grow faster with more sunlight."
	Non-scientific claim: "Bean plants are happier near a red wall."

The first claim can be tested by growing plants and measuring them.
The second claim uses the word "happier," which is hard to measure in a simple science test.
Worked Example 1: Which object sinks?
Question: Which will sink in water: a rock or a leaf?
Prediction: I think the rock will sink and the leaf will float.
Fair test: Put both objects in the same bowl of water.
Observe: The rock goes to the bottom. The leaf stays on top.
Conclusion: The rock sank, and the leaf floated.
This is scientific inquiry because we asked a testable question and checked it by observing.
Worked Example 2: Which paper towel soaks up more water?
Question: Does Paper Towel A soak up more water than Paper Towel B?
Prediction: I think Paper Towel A will soak up more water.
Fair test:
	Use the same size pieces
	Use the same amount of water
	Test both towels the same way

Data:
	Paper Towel A soaked up 6 spoonfuls.
	Paper Towel B soaked up 4 spoonfuls.

We can compare the numbers:
6>4
Conclusion: Paper Towel A soaked up more water.
Worked Example 3: Do plants need sunlight?
Question: Do plants grow better in sunlight than in shade?
Background research: Plants need light to grow.
Prediction: I think the plant in sunlight will grow taller.
Fair test:
	Use 2 of the same kind of plant
	Give both the same water
	Use the same soil and pot size
	Change only the sunlight

Data:
	Sunlight plant: 9 inches
	Shade plant: 6 inches

The difference is:
9−6=3
Conclusion: The plant in sunlight grew 3 inches taller, so sunlight helped it grow more.
Worked Example 4: Is this claim scientific?
Claim 1: "Red flowers get more bees than yellow flowers."
This is a scientific claim because we can count bees on red flowers and yellow flowers.
Claim 2: "Red flowers are prettier than yellow flowers."
This is a non-scientific claim because "prettier" is a personal opinion.
How to remember scientific inquiry
	Ask a question
	Learn a little
	Make a prediction
	Do a fair test
	Observe and collect data
	Make a conclusion
	Share what you learned

Helpful science words
	Observe: look carefully
	Prediction: what you think will happen
	Data: information you collect
	Fair test: change one thing and keep the rest the same
	Conclusion: what you learned
	Claim: an idea or statement

Let's practice thinking like scientists
If you ask, "Which melts faster, ice in the sun or ice in the shade?" that is a testable question.
You could predict, test it, and time what happens.
If you ask, "Is ice cream the most amazing food ever?" that is not a scientific question because it is based on opinion.
[image: 📋]   Summary
Scientific inquiry is a careful way to learn about the world.
We ask testable questions, make predictions, do fair tests, collect data, and make conclusions.
Scientific claims can be tested with observations or experiments. Non-scientific claims are based on opinion or ideas that cannot be tested easily.
When you wonder, test, and share, you are doing science.


  
  Put what you read to the test

  You've worked through Scientific Inquiry. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1255






  [image: 📝]   Lesson 2: Qualitative and Quantitative Data

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1298




  Qualitative and Quantitative Data


When scientists study something, they observe it carefully. They look, listen, touch, and measure. Then they write down what they learn. The information they collect is called data.


There are two main kinds of data we can collect in science:


  	Qualitative data

  	Quantitative data




Both kinds of data are important. They help us learn about plants, animals, weather, rocks, water, and many other things in nature.


What is qualitative data?


Qualitative data tells us about qualities, or what something is like. It uses words, not numbers.


Qualitative data can describe:


  	color

  	shape

  	texture

  	sound

  	smell

  	how something looks or feels




Examples of qualitative data:


  	The flower is yellow.

  	The rock feels rough.

  	The water looks clear.

  	The bird sounds loud.




These are all describing words. They tell us what we notice.


What is quantitative data?


Quantitative data tells us about amounts. It uses numbers.


Quantitative data can tell us:


  	how many

  	how much

  	how long

  	how tall

  	how heavy




Examples of quantitative data:


  	There are 5 worms.

  	The plant is 8 inches tall.

  	We saw 3 clouds.

  	The class has 20 seeds.




These are all number facts. They tell us an amount.


An easy way to remember



  	Qualitative = quality = words

  	Quantitative = quantity = numbers




If your observation uses words like green, smooth, loud, sweet, soft, it is probably qualitative.


If your observation uses numbers like 2, 7, 10 inches, it is probably quantitative.


Why do scientists use both kinds?


Scientists do better work when they collect both kinds of data. Words help describe what something is like. Numbers help show exact amounts.


For example, if we study a leaf, we might write:


  	Qualitative: The leaf is green and smooth.

  	Quantitative: The leaf is 4 inches long.




Now we know more because we used words and numbers.


Worked Example 1: Looking at a flower


A student observes a flower and writes these notes:


  	The flower is pink.

  	The flower has 6 petals.




Let us sort the data.


  	The flower is pink [image: →] qualitative data, because it uses words to describe color.

  	The flower has 6 petals [image: →] quantitative data, because it uses a number.




Worked Example 2: Watching the weather


A class looks outside and writes:


  	The sky is cloudy.

  	We see 4 puddles.

  	The wind feels cool.




Now we sort them.


  	The sky is cloudy [image: →] qualitative

  	We see 4 puddles [image: →] quantitative

  	The wind feels cool [image: →] qualitative




In this example, the class used both kinds of data.


Worked Example 3: Measuring a plant


A plant investigation gives these notes:


  	The plant is 9 inches tall.

  	The leaves are bright green.

  	The plant has 3 flowers.




Let us think carefully.


  	9 inches tall [image: →] quantitative, because it tells a measured amount.

  	bright green [image: →] qualitative, because it tells what the leaves look like.

  	3 flowers [image: →] quantitative, because it tells how many.




We can even write the number sentence for the flowers:

Number of flowers = 3


Worked Example 4: Studying rocks


A group studies one rock and writes:


  	The rock is gray.

  	The rock feels rough.

  	The rock is 2 inches long.

  	There are 7 small spots on the rock.




Here is how we sort the data.


  	gray [image: →] qualitative

  	rough [image: →] qualitative

  	2 inches long [image: →] quantitative

  	7 small spots [image: →] quantitative




This example is helpful because one object can have many kinds of data.


How to collect data in science



  	Look at the object or event carefully.

  	Write down what you notice with words.

  	Count or measure if you can.

  	Keep your notes neat and clear.




For example, if you observe a bug, you might write:


  	It is black. (qualitative)

  	It has 6 legs. (quantitative)




Words that can help with qualitative data


  	red, blue, green, yellow

  	smooth, rough, soft, hard

  	big, tiny

  	wet, dry

  	loud, quiet




Words and ideas that can help with quantitative data


  	how many

  	how tall

  	how long

  	how much

  	counting and measuring




Let us compare the two kinds of data



  	Qualitative data tells what it is like.

  	Quantitative data tells how many or how much.




Here are two observations about the same apple:


  	The apple is red and shiny. (qualitative)

  	The apple has 1 stem. (quantitative)




Both observations are useful.


Be careful


Sometimes a describing word like big can tell us something, but it is not exact. That means it is usually qualitative.


If we say something is 10 inches long, that is exact and uses a number. That means it is quantitative.


Scientists like to be careful observers. They try to collect good qualitative data and good quantitative data.


Quick practice


  	The puddle is muddy. [image: →] qualitative

  	There are 8 ducks in the pond. [image: →] quantitative

  	The shell feels smooth. [image: →] qualitative

  	The caterpillar is 2 inches long. [image: →] quantitative




[image: 📋]   Summary


Data is the information we collect in science. Qualitative data uses words to describe what something is like. Quantitative data uses numbers to tell how many or how much.


When you do a science investigation, try to collect both kinds of data. That helps you become a careful and smart scientist.


  
  Put what you read to the test

  You've worked through Qualitative and Quantitative Data. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1259






  [image: 📝]   Lesson 3: Drawing Evidence-Based Conclusions

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1303




  Drawing Evidence-Based Conclusions means using what you observed to decide what is most likely true.
In science, we do not just guess. We look at the evidence. Evidence is the information we get from an experiment, a test, or careful observations.
A conclusion is what we decide after we look at the evidence. A good conclusion tells what happened and how the evidence helps us know.
Scientists often begin with a hypothesis. A hypothesis is a smart idea or prediction, like, “I think a plant in sunlight will grow taller than a plant in a dark place.”
After the experiment, we ask an important question: Does the evidence support the hypothesis or not?
Sometimes the evidence supports the hypothesis. Sometimes it does not. Both are okay in science. What matters most is being honest and using the evidence.
How to Draw an Evidence-Based Conclusion
	Look at the question. What were you trying to find out?
	Look at the hypothesis. What did you think would happen?
	Look at the evidence. What did you observe, measure, or count?
	Decide what the evidence shows. Did the results match the hypothesis or not?
	Explain your thinking. Tell which evidence helped you decide.

Helpful sentence starters:
	“My evidence shows that...”
	“I observed that...”
	“The data tells me that...”
	“This supports my hypothesis because...”
	“This does not support my hypothesis because...”

What counts as evidence?
	What you saw
	What you heard
	What you measured
	What you counted
	What happened each time you tested

What does not count as good evidence?
	A wild guess
	What you hoped would happen
	What a friend said without testing
	An answer with no observations to support it

Remember: A conclusion is stronger when it uses real facts from the experiment.
Worked Example 1: Which toy car went farther?
Question: Does a toy car go farther on a smooth floor or on carpet?
Hypothesis: I think the toy car will go farther on the smooth floor.
Evidence:
	On the smooth floor, the car went 8 steps.
	On carpet, the car went 3 steps.

Conclusion: The evidence supports the hypothesis. The car went farther on the smooth floor because it traveled 8 steps, but on carpet it only traveled 3 steps.
Why is this a good conclusion? It tells what happened and uses the numbers from the test as evidence.
Worked Example 2: Do bigger seeds sprout first?
Question: Do bigger seeds sprout faster than smaller seeds?
Hypothesis: I think bigger seeds will sprout first.
Evidence:
	Big seed A sprouted in 5 days.
	Big seed B sprouted in 6 days.
	Small seed A sprouted in 4 days.
	Small seed B sprouted in 5 days.

Conclusion: The evidence does not support the hypothesis. The smaller seeds sprouted as fast as or faster than the bigger seeds. One small seed sprouted in 4 days, which was sooner than both big seeds.
Why is this a good conclusion? It does not just say “I was wrong.” It explains what the evidence showed.
Worked Example 3: Which paper towel holds more water?
Question: Which paper towel brand holds more water?
Hypothesis: I think Brand A will hold more water.
Evidence:
	Brand A held 6 spoonfuls of water.
	Brand B held 9 spoonfuls of water.

Conclusion: The evidence does not support the hypothesis. Brand B held more water than Brand A. Brand B held 9 spoonfuls, and Brand A held 6 spoonfuls.
We can even see the difference with a subtraction sentence:
9−6=3
Brand B held 3 more spoonfuls of water.
Why is this a good conclusion? It uses measured evidence and compares the results clearly.
Worked Example 4: Do plants need sunlight to grow well?
Question: Do plants grow better with sunlight?
Hypothesis: I think plants with sunlight will grow better.
Evidence after 2 weeks:
	Plant in sunlight grew to 10 inches and had green leaves.
	Plant in a dark place grew to 4 inches and had yellow leaves.

Conclusion: The evidence supports the hypothesis. The plant in sunlight grew taller and looked healthier. It grew to 10 inches, while the plant in the dark only grew to 4 inches.
We can compare the heights:
10−4=6
The plant in sunlight grew 6 more inches.
Why is this a good conclusion? It uses more than one piece of evidence: height and leaf color.
Tips for Strong Conclusions
	Be truthful. Say what the evidence really shows.
	Use details. Include numbers, words, or observations from the experiment.
	Answer the question. Make sure your conclusion fits the question you were testing.
	Say if the hypothesis was supported or not.
	Explain why. Tell which evidence helped you decide.

Be careful of these mistakes:
	Saying what you wanted to happen instead of what really happened
	Forgetting to use evidence
	Giving a conclusion that does not answer the question
	Using only one tiny clue when there is more evidence to look at

Let's practice thinking like a scientist.
If you tested two kinds of soil and one plant grew taller in Soil 1, you should not just say, “Soil 1 is better.” A stronger conclusion is, “The plant in Soil 1 grew taller, so the evidence shows Soil 1 helped this plant grow better in this test.”
That is stronger because it tells what happened and why you think that.
A simple conclusion pattern
You can use this pattern when you write:
“My hypothesis was ________. The evidence supports / does not support my hypothesis because ________.”
Example: “My hypothesis was that the smooth floor would help the toy car go farther. The evidence supports my hypothesis because the car went 8 steps on the smooth floor and only 3 steps on the carpet.”
[image: 📋]   Summary
Drawing an evidence-based conclusion means looking at the results of an experiment and deciding what they show.
A strong conclusion uses real observations, counts, or measurements. It tells whether the evidence supports the hypothesis or does not support it.
In science, the best answers are not based on guesses. They are based on evidence.


  
  Put what you read to the test

  You've worked through Drawing Evidence-Based Conclusions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1264






  
    
  [image: 📖]   Chapter 2

  Matter and Its Interactions



  [image: 📝]   Lesson 4: Physical Changes

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1315




  Physical Changes happen when something changes how it looks, feels, or is shaped, but it is still the same kind of matter.


In other words, the material does not turn into something new. It may be bigger or smaller, straight or bent, solid or liquid, but it is still the same thing.


For example, if you tear paper, it is still paper. If ice melts, it is still water. These are physical changes.


Let’s learn how to spot a physical change.


Main Idea: A physical change changes the appearance, size, shape, or state of matter.



  	Appearance means how something looks.

  	Size means how big or small it is.

  	Shape means the form of an object.

  	State means if something is a solid, liquid, or gas.




When a physical change happens, the matter is still the same material after the change.


Physical changes can happen in many ways.



  	Cutting

  	Tearing

  	Folding

  	Bending

  	Breaking

  	Melting

  	Freezing




These actions change what something looks like, but they do not make a brand-new material.


Changing shape is a physical change.


If you bend a straw, it is still a straw. If you fold a piece of paper, it is still paper. The object changed shape, but not what it is made of.


Changing size is a physical change.


If you cut a sandwich in half, you now have two smaller pieces. But it is still the same sandwich. If you break a crayon, the pieces are still crayon.


Changing state is a physical change too.


Matter can be a solid, liquid, or gas.



  	Solid: keeps its shape, like an ice cube

  	Liquid: flows, like water

  	Gas: spreads out in the air, like steam




When ice melts, it changes from a solid to a liquid. But it is still water.


When water freezes, it changes from a liquid to a solid. But it is still water.


This means melting and freezing are physical changes.


How can we tell if something is a physical change?



  	Ask: Does it only look different now?

  	Ask: Is it still the same kind of material?

  	If the answer is yes, it is probably a physical change.




Here are some clues:



  	The object may be smaller or bigger.

  	The object may have a different shape.

  	The material may change from solid to liquid or back again.

  	It is still the same material in the end.




Worked Example 1: Tearing paper


You have one whole sheet of paper. You tear it into two pieces.


What changed? The size and shape changed.


What stayed the same? It is still paper.


Answer: This is a physical change.


Worked Example 2: Melting an ice cube


An ice cube sits in the sun. After a while, it turns into a puddle of water.


What changed? The state changed from solid to liquid.


What stayed the same? It is still water.


Answer: This is a physical change.


Worked Example 3: Breaking a pencil


A pencil falls and snaps into two parts.


What changed? The size and shape changed.


What stayed the same? The pieces are still parts of the same pencil.


Answer: This is a physical change.


Worked Example 4: Freezing water


You pour water into an ice tray and put it in the freezer. Later, the water turns into ice cubes.


What changed? The state changed from liquid to solid.


What stayed the same? It is still water.


Answer: This is a physical change.


Let’s compare some physical changes.



  	A folded towel is still a towel.

  	A crushed can is still the same can material.

  	A broken cookie is still cookie pieces.

  	Melted butter is still butter.




In each example, the matter changed in a way we can see, but it did not become a new kind of matter.


Things to remember:



  	Physical changes are changes you can often see.

  	The material keeps being the same kind of matter.

  	Shape, size, and state can change.

  	No new material is made.




Quick Check


Is each one a physical change?



  	Cutting an apple into slices — Yes, it is still apple.

  	Rolling clay into a ball — Yes, it is still clay.

  	Ice cream melting — Yes, it is still ice cream.

  	Snapping a twig — Yes, it is still the same twig.




[image: 📋]   Summary


A physical change changes how matter looks, feels, or changes state, but it does not change what the matter is. If something is still the same material after the change, it is a physical change. Tearing, bending, breaking, melting, and freezing are all common physical changes.


  
  Put what you read to the test

  You've worked through Physical Changes. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1276






  
    
  [image: 📖]   Chapter 3

  Forces, Motion, and Energy



  [image: 📝]   Lesson 5: Contact and Noncontact Forces
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  Contact and Noncontact Forces


Things move when a force acts on them. A force is a push or a pull.


When you open a door, kick a ball, or pull a wagon, you are using force. Forces can make things start moving, stop moving, speed up, slow down, or change direction.


There are two main kinds of forces we will learn about today:


  	Contact forces — forces that happen when things touch.

  	Noncontact forces — forces that happen when things do not touch.




1. What is a contact force?


A contact force needs touch. If one object pushes or pulls another object by touching it, that is a contact force.


Here are some examples of contact forces:


  	Pushing a toy car with your hand

  	Pulling a sled with a rope

  	Kicking a soccer ball

  	Catching a ball with your hands




In each example, the objects are touching. That is why these are contact forces.


2. What is a noncontact force?


A noncontact force does not need touch. It can act over a distance.


That means one object can push or pull another object even when they are not touching.


Two important noncontact forces are:


  	Gravity

  	Magnetism




3. Gravity


Gravity is a force that pulls things downward toward Earth.


When you drop a pencil, gravity pulls it down. When rain falls from the clouds, gravity pulls it down too.


You do not have to touch the pencil to make it fall. Gravity is pulling on it, so gravity is a noncontact force.


4. Magnetism


Magnetism is a force made by magnets. A magnet can pull some metal objects, like paper clips, even before touching them.


Magnets can also push other magnets away. So magnetism can pull or push without touching first.


Because magnets can act from a distance, magnetism is a noncontact force.


5. How are contact and noncontact forces different?



  	Contact force: needs touching

  	Noncontact force: does not need touching




You can ask yourself this simple question:

“Do the objects have to touch for the force to happen?”



  	If yes, it is a contact force.

  	If no, it is a noncontact force.




6. Everyday examples



  	You push a swing. Contact force

  	A backpack falls off a chair. Noncontact force because of gravity

  	You pull a drawer open. Contact force

  	A magnet picks up a paper clip. Noncontact force




7. Worked Examples


Example 1: Pushing a toy car

A child puts a hand on a toy car and pushes it across the floor.

Question: Is this a contact force or a noncontact force?

Answer: It is a contact force.

Why? The hand is touching the toy car. The push happens because of touch.


Example 2: An apple falling from a tree

An apple drops from a tree and falls to the ground.

Question: Is this a contact force or a noncontact force?

Answer: It is a noncontact force.

Why? Gravity pulls the apple down, and gravity does not need touch.


Example 3: A magnet and a paper clip

A magnet is held close to a paper clip. The paper clip moves toward the magnet before they touch.

Question: Is this a contact force or a noncontact force?

Answer: It is a noncontact force.

Why? The magnet pulls the paper clip from a distance.


Example 4: Pulling a wagon

A child pulls a wagon using the handle.

Question: Is this a contact force or a noncontact force?

Answer: It is a contact force.

Why? The child is pulling the handle, and the handle is touching the wagon.


8. Let’s sort some forces


Here is a helpful way to sort them:



  	Contact forces:
    
      	Pushing a chair

      	Pulling a kite string

      	Hitting a baseball with a bat

    

  

  	Noncontact forces:
    
      	A ball falling

      	A magnet attracting a nail

      	Two magnets pushing apart

    

  




9. Important idea to remember


Sometimes more than one force can happen at the same time. For example, when you toss a ball up, your hand uses a contact force to push it. Then gravity, a noncontact force, pulls it back down.


This means an object can be affected by different forces during its motion.


10. Quick check



  	Does a contact force need touch? Yes.

  	Does gravity need touch? No.

  	Is magnetism a contact or noncontact force? Noncontact force.

  	Is kicking a ball a contact or noncontact force? Contact force.




[image: 📋]   Summary


A force is a push or a pull. Forces can make things move, stop, or change direction.


Contact forces happen when objects touch. Noncontact forces happen when objects do not touch.


Gravity and magnetism are noncontact forces. Pushing, pulling, kicking, and catching are contact forces.


If you can answer the question “Are the objects touching?”, you can often tell which kind of force it is.


  
  Put what you read to the test

  You've worked through Contact and Noncontact Forces. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1284






  
    
  [image: 📖]   Chapter 4

  Earth Systems and Geology
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  Sedimentary Rocks are rocks that are made from tiny pieces of other rocks, sand, mud, or even bits of plants and animals.
These tiny pieces are called sediment. Sediment can be very small, like dust, or bigger, like pebbles.
Over a long, long time, layers of sediment pile up, get pressed together, and turn into rock. That rock is called sedimentary rock.
Let’s learn how this happens step by step.
How Sedimentary Rocks Form
	Weathering: Big rocks break into smaller pieces.
	Erosion: Water, wind, or ice moves the small pieces.
	Deposition: The pieces settle down in a new place.
	Compaction: More and more layers pile on top and press down.
	Cementation: Minerals act like glue and stick the pieces together.

1. Weathering
Weathering is when rock breaks apart into smaller pieces.
This can happen when rain, wind, ice, or plant roots crack and break rocks. A big rock can slowly turn into little rocks, sand, or mud.
Weathering does not mean the rock moves to a new place yet. It just means the rock is breaking apart.
2. Erosion
Erosion is when the broken pieces of rock are moved from one place to another.
Water can carry sand down a stream. Wind can blow dust across the land. Ice can push rocks along slowly.
Weathering breaks rocks. Erosion moves the pieces.
3. Deposition
Deposition happens when the moving sediment stops and falls into a new place.
For example, a river may slow down and drop sand and mud at the bottom. This makes a layer of sediment.
Over time, more and more layers can build up.
4. Compaction
Compaction means the layers get squeezed together.
When new layers of sediment land on top of older layers, the bottom layers get pressed down. They become flatter and tighter.
You can think of it like pushing down on a pile of soft crumbs. The crumbs get packed closer together.
5. Cementation
Cementation is when minerals in water act like glue.
These minerals fill the spaces between the pieces of sediment and help stick them together. After a long time, the sediment becomes solid rock.
Why Sedimentary Rocks Have Layers
Sedimentary rocks often have layers because the sediment was dropped one layer at a time.
A river may bring mud one day and sand another day. Over many years, these layers stack up. When they turn into rock, you can still see the layers.
These layers are like pages in a book. They can tell us about what happened long ago.
What Sedimentary Rocks Can Hold
Some sedimentary rocks can hold fossils. Fossils are the remains or marks of plants and animals from long ago.
This can happen when a plant leaf, shell, or animal track gets covered by sediment. Later, the sediment turns into rock and keeps the mark safe.
Examples of Sedimentary Rocks
	Sandstone is made from sand.
	Shale is made from mud or clay.
	Conglomerate is made from rounded pebbles stuck together.

Clues That a Rock Is Sedimentary
You can look for these clues:
	It has layers.
	You can see pieces of sand, mud, or pebbles.
	It may have a fossil.

Worked Example 1
A big rock cracks into tiny pieces after many rainy days and cold nights. What part of sedimentary rock making is this?
Answer: This is weathering.
Why: The rock is breaking into smaller pieces. It is not moving yet.
Worked Example 2
Sand is carried by a river and then settles at the bottom when the water slows down. What two steps are happening?
Answer: First is erosion, then deposition.
Why: The river moves the sand, which is erosion. Then the sand drops and settles, which is deposition.
Worked Example 3
Many layers of mud sit on top of older layers. The bottom layers get squeezed tight. What step is this?
Answer: This is compaction.
Why: The weight of the top layers presses down on the bottom layers.
Worked Example 4
Tiny pieces of sand are packed together. Minerals in water stick the pieces together like glue. What step is this?
Answer: This is cementation.
Why: The minerals help glue the sediment together to make rock.
Easy Way to Remember the Steps
	Rocks break = weathering
	Pieces move = erosion
	Pieces drop = deposition
	Layers squeeze = compaction
	Pieces stick = cementation

Let’s Compare
	Weathering: breaking
	Erosion: moving
	Deposition: dropping
	Compaction: pressing
	Cementation: gluing

[image: 📋]   Summary
Sedimentary rocks form from sediment, which is made of tiny pieces of rock, sand, mud, or once-living things.
First, rocks break apart by weathering. Next, the pieces move by erosion. Then they settle by deposition.
After that, the layers are squeezed by compaction. Finally, the pieces are glued together by cementation.
This is why sedimentary rocks often have layers and sometimes fossils. Sedimentary rocks help us learn about Earth’s past.


  
  Put what you read to the test

  You've worked through Sedimentary Rocks. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1302
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  Erosion and Deposition are two ways Earth’s surface changes over time.
Erosion means small pieces of rock and soil are moved from one place to another.
Deposition means those pieces of rock and soil are dropped in a new place.
These small pieces are called sediment. Sediment can be tiny bits of sand, soil, or rock.
Earth is always changing. Wind, water, ice, and gravity can all move sediment. First, sediment is often moved by erosion. Then, when it slows down or stops, the sediment is dropped by deposition.
Think of it like this: erosion is take away, and deposition is put down.
What causes erosion?
	Water can carry soil, sand, and small rocks.
	Wind can blow sand and dust to new places.
	Ice can push and carry rocks as it moves.
	Gravity can pull rocks and soil downhill.

1. Water
Water is one of the biggest causes of erosion. Rain can wash dirt down a hill. Rivers and streams can carry sand and rocks as they flow.
Fast-moving water can pick up more sediment. Slow-moving water drops more sediment.
When a river reaches a lake or ocean, it often slows down. Then it drops the sediment it was carrying. Over time, this can build a landform called a delta.
A delta is a piece of land made when a river drops sediment near its mouth, where the river meets a bigger body of water.
2. Wind
Wind can move tiny pieces of sand and dust. In dry places, strong winds can blow sediment far away.
When the wind slows down, it drops the sand. Over time, the sand can pile up into hills called dunes.
A dune is a hill of sand made by wind deposition.
3. Ice
Ice can also cause erosion. Big moving ice, called glaciers, can scrape the ground and carry rocks with it.
When the ice melts, it drops the rocks and soil it was carrying. That is deposition.
4. Gravity
Gravity pulls things downward. It can make rocks, sand, and soil move down a hill or mountain.
When the moving earth comes to rest at the bottom, that is deposition.
How are erosion and deposition connected?
Erosion and deposition are a team. First, sediment is moved. Later, sediment is dropped.
For example, a stream may erode soil from a riverbank. Then the stream may deposit that soil farther downstream.
Clues you can look for
	If soil or sand is being carried away, that is erosion.
	If soil or sand is being dropped and piled up, that is deposition.

Worked Example 1
It rains on a hill. Water washes soil down the hill.
Question: Is this erosion or deposition?
Answer: This is erosion because the soil is being moved.
Worked Example 2
A river carries mud and sand. When the river reaches the ocean, the water slows down. The mud and sand settle at the river’s mouth.
Question: What is happening at the river’s mouth?
Answer: This is deposition because the sediment is being dropped.
Worked Example 3
Wind blows sand across a beach. Later, the wind becomes weaker, and the sand piles up into a small hill.
Question: Which part is erosion, and which part is deposition?
Answer:
	Wind blowing the sand is erosion.
	Sand piling up into a hill is deposition.

Worked Example 4
Some rocks tumble down a steep hill because of gravity. The rocks stop at the bottom.
Question: Where do we see erosion? Where do we see deposition?
Answer:
	The rocks moving downhill is erosion.
	The rocks resting at the bottom is deposition.

Let’s compare
	Erosion = sediment moves
	Deposition = sediment drops

Examples of erosion
	Rain washing dirt away
	A river carrying sand
	Wind blowing dust
	Ice moving rocks
	Gravity pulling soil downhill

Examples of deposition
	A river dropping mud near the ocean
	Wind making a dune
	Melting ice leaving rocks behind
	Rocks collecting at the bottom of a hill

Why does this matter?
Erosion and deposition help shape Earth’s surface. They can change hills, rivers, beaches, and deserts.
They also make new landforms. Deltas and dunes are made by deposition.
Quick way to remember
	Erosion: Earth material goes away.
	Deposition: Earth material goes down in a new place.

[image: 📋]   Summary
Erosion is when wind, water, ice, or gravity moves sediment from one place to another. Deposition is when that sediment is dropped in a new place.
Water can make deltas, and wind can make dunes. If sediment is moving, it is erosion. If sediment is settling, it is deposition.


  
  Put what you read to the test

  You've worked through Erosion and Deposition. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1308
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  Soil Horizons are the different layers of soil in the ground. If we could cut the ground like a cake and look at the side, we would see layers. Each layer is a little different.
These soil layers help plants grow. They also hold water, air, tiny living things, and pieces of rock. Learning about soil horizons helps us understand what is under our feet.
The main soil horizons we will learn are topsoil, subsoil, and bedrock.
1. Topsoil
Topsoil is the top layer of soil. It is the layer closest to the ground surface.
Topsoil is usually dark. It has small pieces of dead plants and animals mixed in. This helps make the soil rich and good for plants.
Many roots grow in topsoil. Worms, bugs, and tiny living things live there too. Topsoil often has the most food for plants.
2. Subsoil
Subsoil is the layer under topsoil. It is usually lighter in color.
Subsoil has less plant material in it. It may have more clay and more small pieces of rock. Some plant roots can grow down into subsoil to find water.
Subsoil is important because it helps hold minerals and water. Even though it has less food for plants than topsoil, it still helps plants live.
3. Bedrock
Bedrock is the hard rock under the soil. It is the bottom layer in this lesson.
Bedrock is not soft like soil. It is solid rock. Soil can form slowly from rock breaking into smaller pieces over a very long time.
Sometimes there may be loose, broken rock above the bedrock. But bedrock itself is the hard rock layer underneath.
How soil horizons form
Soil horizons form slowly over time. Wind, water, plant roots, heat, and cold can break rocks into smaller pieces.
Then dead leaves and other plant parts mix into the top layer. Little by little, different layers form. The top layer gets more dark plant material, while lower layers have more rock and less plant material.
Why soil horizons matter
	They help plants grow. Topsoil gives plants space, water, air, and food.
	They hold water. Some layers hold more water than others.
	They are home to living things. Worms, insects, and tiny living things live in soil.
	They tell us about the land. Soil layers can show what the ground is like below the surface.

Think of soil like a layer cake
A cake has layers stacked on top of each other. Soil does too. The top layer is topsoil, the middle layer is subsoil, and the hard bottom layer is bedrock.
But soil is not food, of course. This is just a way to help us picture the layers.
From top to bottom
	Topsoil — dark, rich, good for many roots
	Subsoil — lighter, more clay and rock pieces
	Bedrock — hard solid rock

Worked Example 1
A child digs a small hole in a garden. First the child sees dark soil with roots and worms. What layer is this?
Answer: This is topsoil.
Why? Topsoil is the dark top layer. It has many roots and living things.
Worked Example 2
A deeper part of the hole has lighter soil with fewer roots and more small rock pieces. What layer is this?
Answer: This is subsoil.
Why? Subsoil is under topsoil. It usually has less plant material and more rock pieces.
Worked Example 3
A builder digs very deep and reaches hard, solid rock that is not soft like soil. What layer is this?
Answer: This is bedrock.
Why? Bedrock is the hard rock under the soil layers.
Worked Example 4
Put these layers in order from top to bottom: bedrock, topsoil, subsoil.
Answer: Topsoil, subsoil, bedrock.
Why? Topsoil is at the surface, subsoil is below it, and bedrock is deepest.
Helpful clues for each layer
	Topsoil: dark, roots, worms, rich soil
	Subsoil: lighter color, fewer roots, more clay or rock pieces
	Bedrock: hard, solid rock

Let’s remember
When you look at the ground, there is more than just one kind of dirt. There are layers. These layers are called soil horizons.
The top layer is topsoil. Under that is subsoil. Under the soil is bedrock.
Each layer is important. Together, they help make Earth’s surface a place where plants and animals can live.


  
  Put what you read to the test

  You've worked through Soil Horizons. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1309
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  Atmosphere, Weather, and Climate
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  Atmospheric Composition means what the air around Earth is made of.
We cannot usually see air, but it is all around us. Air is a mixture of different gases. These gases work together to make Earth's atmosphere.
The atmosphere is the blanket of air around Earth. It helps living things stay alive. It gives us air to breathe, helps keep Earth warm enough, and is where weather happens.
Even though air seems empty, it is made of tiny bits of gas. Some gases are in big amounts, and some are in very small amounts.
The main gases in the atmosphere are:
	Nitrogen — the gas that makes up most of the air.
	Oxygen — the gas people and animals need to breathe.
	Trace gases — tiny amounts of other gases, like carbon dioxide.

Nitrogen is the biggest part of the air. Most of the atmosphere is nitrogen. We do not breathe nitrogen the same way we use oxygen, but it is an important part of the air.
Oxygen is the gas our bodies need. When people and animals breathe in, they take in oxygen. Plants also help make oxygen for the air.
Carbon dioxide is a trace gas. That means there is only a small amount of it in the air. People and animals breathe out carbon dioxide. Plants use carbon dioxide to make their food.
There are also a few other trace gases in the atmosphere. They are only in tiny amounts, but they are still part of the air.
A simple way to think about air is this:
	Most of it is nitrogen.
	A big smaller part is oxygen.
	A tiny bit is trace gases, like carbon dioxide.

Scientists often show the air as about 100 equal parts. Then they can talk about how much of each gas is in the air.
About 100 parts of air can be thought of like this:
	about 78 parts nitrogen
	about 21 parts oxygen
	about 1 part trace gases

We can write that as:
78+21+1=100
This helps us see that nitrogen is the largest part of the atmosphere.
Why is atmospheric composition important?
	Oxygen helps living things breathe.
	Carbon dioxide helps plants grow.
	The mix of gases helps make Earth a good place to live.

If the air had no oxygen, people and animals could not live the same way. If the air had no carbon dioxide, plants would not be able to make food the same way.
So, even tiny amounts of some gases can still be very important.
Worked Example 1
Question: Which gas makes up most of Earth's atmosphere?
Step 1: Think about the main gases we learned.
	Nitrogen
	Oxygen
	Trace gases

Step 2: Remember which one is the biggest part.
Answer: Nitrogen makes up most of Earth's atmosphere.
Worked Example 2
Question: Which gas do people and animals need to breathe?
Step 1: Think about what our bodies use from the air.
Step 2: Match the gas to its job.
	Nitrogen — biggest part of air
	Oxygen — used for breathing
	Carbon dioxide — used by plants

Answer: People and animals need oxygen to breathe.
Worked Example 3
Question: Carbon dioxide is only in a small amount in the air. Is it a main gas in a big amount, or is it a trace gas?
Step 1: Listen for the clue: small amount.
Step 2: Small amounts of gases are called trace gases.
Answer: Carbon dioxide is a trace gas.
Worked Example 4
Question: Imagine there are 100 blocks to show the air. If 78 blocks are nitrogen and 21 blocks are oxygen, how many blocks are trace gases?
Step 1: Add the nitrogen and oxygen blocks.
78+21=99
Step 2: Find how many blocks are left out of 100.
100−99=1
Answer: 1 block is trace gases.
Let’s remember the big idea:
	Earth is wrapped in a blanket of air called the atmosphere.
	The atmosphere is made of different gases.
	Nitrogen is the biggest part.
	Oxygen helps living things breathe.
	Carbon dioxide is a trace gas that plants use.

When you think about atmospheric composition, think: What is air made of? The answer is mostly nitrogen, some oxygen, and a tiny bit of trace gases like carbon dioxide.


  
  Put what you read to the test

  You've worked through Atmospheric Composition. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1313
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  Climate vs. Weather


Have you ever looked outside and seen rain, sunshine, wind, or snow? These are all parts of weather.


Have you ever noticed that some places are snowy for many months, while other places are warm most of the year? That is called climate.


Weather and climate are connected, but they are not the same thing. Let’s learn how to tell them apart.


What is weather?


Weather is what the air outside is like right now or over a short time.


Weather can change quickly. It might be sunny in the morning and rainy in the afternoon.


Weather tells us things like:


  	Is it sunny or cloudy?

  	Is it raining or snowing?

  	Is it windy or calm?

  	Is it warm or cold?




When someone asks, “What is the weather today?” they are asking about today, not the whole year.


What is climate?


Climate is the kind of weather a place usually has over a long, long time.


Climate does not mean just one day. It means the weather pattern we expect in a place again and again over many years.


Climate tells us things like:


  	Does this place usually have hot summers?

  	Does this place often get lots of snow in winter?

  	Is this place usually rainy or dry?

  	Is this place warm most of the year?




So, weather is about now. Climate is about usually.


An easy way to remember



  	Weather = what you get today

  	Climate = what you expect over many years




You can think of it like this:


  	Weather is today’s outfit.

  	Climate is the whole closet a place needs.




If a place is usually cold, people keep coats, hats, and gloves there. That tells us about the climate.


If you wear your rain boots today because it is raining, that tells us about the weather.


How are weather and climate different?



  	Weather changes fast. It can change from hour to hour or day to day.

  	Climate changes very slowly. It describes the usual weather in a place over many years.

  	Weather is short-term. It is about now.

  	Climate is long-term. It is about patterns over a long time.




Examples of weather


  	It is raining this afternoon.

  	Today is sunny and warm.

  	It is windy outside right now.

  	Snow is falling this morning.




Examples of climate


  	This place has cold, snowy winters.

  	This place is warm most of the year.

  	This place is usually dry and does not get much rain.

  	This place often has hot summers.




Why do we learn both?


We learn about weather to help us decide what to wear and what to do today.


We learn about climate to understand what a place is usually like. Climate helps people know what kinds of clothes, homes, plants, and activities fit a place.


For example, if a place has a snowy climate, people know they may need warm coats each winter.


If today’s weather in that same place is sunny and cold, that helps them decide what to wear today.


Worked Example 1


Question: “It is cloudy and windy today.” Is this weather or climate?


Step 1: Look for a clue word. The word today tells us it is happening now.


Step 2: Ask, “Is this about a short time or a long time?” It is about a short time.


Answer: This is weather.


Worked Example 2


Question: “This town usually has hot summers.” Is this weather or climate?


Step 1: Look for a clue word. The word usually tells us it happens again and again.


Step 2: Ask, “Is this about one day or many years?” It is about a pattern over a long time.


Answer: This is climate.


Worked Example 3


Question: A city gets snow in winter almost every year. But today it is sunny. Which part is climate, and which part is weather?


Step 1: “Gets snow in winter almost every year” tells what usually happens over a long time.


Step 2: “Today it is sunny” tells what is happening now.


Answer:


  	Snow in winter almost every year = climate

  	Sunny today = weather




Worked Example 4


Question: Mia says, “Our town has a cold climate, so every single day must be snowy.” Is Mia correct?


Step 1: Climate tells what a place is usually like.


Step 2: Weather can change from day to day.


Step 3: A cold climate does not mean every day is snowy. Some days may be sunny, cloudy, windy, or just cold.


Answer: No, Mia is not correct. Climate is the usual pattern over time, but weather is what happens each day.


Let’s practice clue words


Some words can help you decide if something is weather or climate.


Weather clue words:


  	today

  	right now

  	this morning

  	this afternoon

  	tomorrow




Climate clue words:


  	usually

  	most years

  	every winter

  	over a long time

  	most of the year




Quick check


  	“It is raining right now.” = Weather

  	“This desert is dry most of the year.” = Climate

  	“Tomorrow will be cold.” = Weather

  	“This place usually has lots of rain.” = Climate




[image: 📋]   Summary


Weather is what the air is like outside over a short time, such as today or tomorrow.


Climate is the usual weather a place has over many years.


Remember: weather is now, and climate is usual.


  
  Put what you read to the test

  You've worked through Climate vs Weather. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1324






  
    
  [image: 📖]   Chapter 6
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  Earth has two important motions: it rotates and it revolves.
Rotation means Earth spins like a top. Earth spins around an imaginary line through the middle called its axis.
Revolution means Earth travels around the Sun. Earth moves in a big path around the Sun again and again.
These two motions help explain day and night and the seasons.
Part 1: Earth’s Rotation
Earth is always spinning. This spinning is called rotation.
When your part of Earth faces the Sun, it is daytime. When your part of Earth turns away from the Sun, it is nighttime.
So, day and night happen because Earth rotates.
Earth takes about 1 day to spin around one time. We can write that as:
1 rotation=1 day
That is why we have a pattern of morning, afternoon, evening, and night.
Think about a flashlight and a ball. If you shine a flashlight on one side of a ball, only that side is bright. If you slowly turn the ball, different parts move into the light and then out of the light.
Earth works in a similar way. The Sun lights one half of Earth at a time. As Earth spins, different places move into sunlight.
Part 2: Earth’s Revolution
Earth also moves around the Sun. This motion is called revolution.
Earth takes about 1 year to go around the Sun one time. We can write that as:
1 revolution=1 year
As Earth revolves around the Sun, the year passes from one season to the next.
Part 3: Earth’s Tilt and the Seasons
Earth is not standing straight up and down as it moves around the Sun. It is slightly tilted.
This tilt is very important. The seasons happen because Earth is tilted as it revolves around the Sun.
Sometimes one part of Earth is tilted more toward the Sun. That part gets more direct sunlight and has warmer weather. This is summer.
At the same time, another part of Earth is tilted away from the Sun. That part gets less direct sunlight and has cooler weather. This is winter.
When neither half is tilted a lot toward or away from the Sun, the weather can be between hot and cold. These seasons are spring and fall.
Important idea: The seasons do not happen because Earth gets much closer to the Sun in summer and much farther in winter. The seasons happen because of Earth’s tilt and its revolution.
Main Ideas to Remember
	Rotation = Earth spins on its axis.
	Rotation causes day and night.
	Revolution = Earth moves around the Sun.
	Revolution and tilt cause the seasons.
	1 rotation = 1 day
	1 revolution = 1 year

Worked Example 1: Day or Night?
Question: Mia’s town is facing the Sun. Is it day or night there?
Step 1: Remember that the side of Earth facing the Sun has light.
Step 2: Places with sunlight have daytime.
Answer: It is day in Mia’s town.
Worked Example 2: What Causes Night?
Question: Ben says night happens because the Sun turns off. Is Ben correct?
Step 1: Think about Earth’s rotation.
Step 2: Night happens when your part of Earth turns away from the Sun.
Answer: No. Ben is not correct. Night happens because Earth rotates, not because the Sun turns off.
Worked Example 3: Day, Year, Rotation, or Revolution?
Question: Match each motion to the time it takes.
	Earth spins once = ?
	Earth goes around the Sun once = ?

Step 1: Earth spinning once is one rotation.
Step 2: One rotation takes about 1 day.
Step 3: Earth going around the Sun once is one revolution.
Step 4: One revolution takes about 1 year.
Answer:
	Earth spins once = 1 day
	Earth goes around the Sun once = 1 year

Worked Example 4: Why Is It Summer?
Question: A place on Earth is tilted toward the Sun. What season is it most likely having?
Step 1: A place tilted toward the Sun gets more direct sunlight.
Step 2: More direct sunlight makes it warmer.
Answer: It is most likely summer.
Try to Picture It
	Pretend a lamp is the Sun.
	Pretend a ball is Earth.
	Turn the ball slowly. This shows rotation.
	Move the ball around the lamp. This shows revolution.
	Tilt the ball a little as it moves. This helps show why we have seasons.

Common Mistakes
	Mistake: Day and night happen because the Sun moves around Earth. 
Truth: Day and night happen because Earth rotates.
	Mistake: Rotation and revolution mean the same thing. 
Truth: Rotation is spinning. Revolution is moving around the Sun.
	Mistake: Summer happens because Earth is much closer to the Sun. 
Truth: Summer happens because part of Earth is tilted toward the Sun.

Let’s Review
Earth rotates, or spins on its axis. This spinning causes day and night.
Earth also revolves, or moves around the Sun. Earth’s tilt and revolution work together to cause the seasons.
If you remember just two things, remember this: rotation causes day and night, and revolution with Earth’s tilt causes the seasons.


  
  Put what you read to the test

  You've worked through Earths Rotation and Revolution. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1328
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  Lunar Phases are the different ways the Moon looks in the sky over time.
Sometimes the Moon looks like a full circle. Sometimes it looks like half. Sometimes we see only a small curved shape. These changing shapes are called moon phases.
The Moon does not make its own light. The Moon looks bright because sunlight shines on it.
As the Moon moves around Earth, we see different parts of the Moon lit by the Sun. That is why the Moon seems to change shape.
The Moon is always there, even when we cannot see all of it. The shape changes because of light and position, not because the Moon is disappearing.
How the Sun, Earth, and Moon Work Together
There are three important space objects in this lesson:
	The Sun gives light.
	The Moon reflects the Sun's light.
	Earth is where we live and where we watch the Moon.

The Moon travels around Earth. This trip takes about 29 days.
During those 29 days, the Moon goes through a pattern of phases. This pattern repeats again and again.
The Main Moon Phases
Here are the moon phases in order. You do not have to memorize every name right away. It is most important to understand that the Moon changes little by little in a pattern.
	New Moon — The Moon is in the sky, but we cannot really see the lit part from Earth.
	Waxing Crescent — We see a small curved sliver of light. Waxing means the lit part is getting bigger.
	First Quarter — We see half of the Moon lit.
	Waxing Gibbous — We see more than half lit, but not all.
	Full Moon — The whole face of the Moon that we see looks bright and round.
	Waning Gibbous — After the full moon, the lit part starts getting smaller. Waning means getting smaller.
	Last Quarter — We again see half of the Moon lit.
	Waning Crescent — We see a small curved sliver again.
	Then the cycle returns to New Moon.

A simple way to remember:
	Waxing = growing
	Waning = shrinking

Why the Moon Changes Shape
The Sun is always shining on half of the Moon.
But from Earth, we do not always see that same lit half in the same way. As the Moon moves around Earth, our view changes.
That changing view makes the Moon look different from night to night.
This is why lunar phases happen.
Important Things to Remember
	The Moon does not make its own light.
	The Moon shines because it reflects light from the Sun.
	The Moon does not really change shape.
	We see different amounts of the lit part as the Moon moves around Earth.
	The moon phase pattern repeats about every 29 days.

Worked Examples
Example 1: Why does the Moon look bright?
Question: Does the Moon make its own light?
Answer: No. The Moon looks bright because sunlight shines on it.
Think: The Sun is the light source. The Moon reflects that light.
Example 2: What does waxing mean?
Question: One night you see a tiny curved moon. A few nights later, you see a bigger lit part. Is the Moon waxing or waning?
Answer: It is waxing.
Think: Waxing means the bright part we see is getting bigger.
Example 3: Which phase is the whole round Moon?
Question: You look up and the Moon appears as a bright, full circle. What phase is it?
Answer: It is a Full Moon.
Think: Full Moon means the Moon looks all lit up from Earth.
Example 4: What comes after Full Moon?
Question: The Moon was full last night. Tonight the lit part looks a little smaller. What is happening?
Answer: The Moon is waning.
Think: After Full Moon, the lit part we see starts getting smaller.
Try to Picture the Pattern
You can think of the Moon phases like this:
	Starts hard to see
	Gets bigger and brighter
	Looks full and round
	Gets smaller again
	Then the pattern starts over

This repeating pattern helps us know that moon phases are predictable. That means they happen in the same order each time.
Easy Moon Phase Clues
	If the lit part is getting bigger, it is waxing.
	If the lit part is getting smaller, it is waning.
	If it looks like a full circle, it is Full Moon.
	If we cannot really see the lit part, it is New Moon.
	If we see half lit, it may be a Quarter Moon.

A Simple Number Idea
The moon phase cycle takes about 29 days.
That means after about 29 days, the phases repeat.
We can show that as:
one moon phase cycle≈29 days
If today is a Full Moon, after about 29 days there will be another Full Moon.
Mini Review Questions
	What gives the Moon its light?
	Does the Moon really change shape?
	What does waxing mean?
	What does waning mean?
	About how many days does one moon phase cycle take?

Answers:
	The Sun gives the Moon its light.
	No. We just see different amounts of the lit part.
	Waxing means the lit part is getting bigger.
	Waning means the lit part is getting smaller.
	About 29 days.

[image: 📋]   Summary
Lunar phases are the different ways the Moon looks from Earth.
The Moon looks different because sunlight shines on it and the Moon moves around Earth.
As the Moon travels, we see different amounts of its lit side. The phases happen in a repeating pattern that takes about 29 days.


  
  Put what you read to the test

  You've worked through Lunar Phases. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1329






  [image: 📝]   Lesson 13: Asteroids Comets and Meteors

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1369




  Asteroids, Comets, and Meteors
When we look up at the night sky, we can see the Moon, stars, and sometimes other space objects too. Three space objects that can be easy to mix up are asteroids, comets, and meteors.
They are not the same. This lesson will help you learn what each one is and how they are different.
What is an asteroid?
An asteroid is a space rock. Most asteroids are made of rock and metal.
Asteroids travel around the Sun. Many of them are found in a place called the asteroid belt. This is a big area between Mars and Jupiter where many space rocks orbit the Sun.
Asteroids do not usually have long tails. They look more like rocky chunks moving through space.
	Asteroid = rocky
	Asteroid = travels around the Sun
	Asteroid = no glowing tail

What is a comet?
A comet is a space object made of ice, dust, and rock. You can think of a comet as a dirty snowball in space.
Comets also travel around the Sun. When a comet gets close to the Sun, the Sun warms it up. Some of the ice turns into gas. This can make a bright, glowing tail.
The tail of a comet can look long and shiny in the sky. That is one big clue that an object might be a comet.
	Comet = icy
	Comet = dust and rock too
	Comet = can have a glowing tail near the Sun

What is a meteor?
A meteor is what we see when a small piece of rock or dust enters Earth's air and burns up. It can look like a quick streak of light in the sky.
People sometimes call a meteor a shooting star, but it is not really a star. It is a tiny bit of space rock or dust burning up as it moves through Earth's atmosphere.
If the piece is still in space, it is just a small piece of rock or dust. When it starts burning in the sky, we call the bright streak a meteor.
	Meteor = streak of light in the sky
	Meteor = happens when space rock or dust burns up in Earth's atmosphere
	Meteor is not a star

How are they different?
Let’s compare them in a simple way.
	Asteroids are mostly rocky.
	Comets are mostly icy and can grow a tail.
	Meteors are the bright streaks we see when small pieces burn up in Earth’s atmosphere.

Think about where they are:
	An asteroid is in space, orbiting the Sun.
	A comet is in space, orbiting the Sun, and may show a tail when near the Sun.
	A meteor happens in Earth’s atmosphere.

Easy memory helpers
	Asteroid = rock
	Comet = ice with a tail
	Meteor = flash of light in the sky

Worked Example 1
Question: Mia sees a space object made mostly of rock and metal. It travels around the Sun and has no tail. What is it?
Think: Rocky? Orbits the Sun? No tail?
Answer: It is an asteroid.
Why: Asteroids are rocky space objects that travel around the Sun.
Worked Example 2
Question: Ben sees a bright object in space with ice and dust. When it gets close to the Sun, it grows a glowing tail. What is it?
Think: Icy? Tail near the Sun?
Answer: It is a comet.
Why: Comets are made of ice, dust, and rock, and they can form tails when warmed by the Sun.
Worked Example 3
Question: At night, Lily sees a quick streak of light across the sky. A tiny bit of space rock is burning up in Earth’s atmosphere. What is this called?
Think: Burning up in Earth’s atmosphere? Streak of light?
Answer: It is a meteor.
Why: A meteor is the light we see when a small piece of space rock or dust burns up in Earth’s atmosphere.
Worked Example 4
Question: Match each clue to the correct word.
	Rocky object orbiting the Sun
	Icy object that can have a tail
	Bright streak when a small piece burns in Earth’s atmosphere

Step-by-step:
	Rocky object orbiting the Sun = asteroid
	Icy object that can have a tail = comet
	Bright streak when a small piece burns in Earth’s atmosphere = meteor

Let’s practice the big idea
If it is a rock in space, it may be an asteroid.
If it is an icy object with a tail, it is a comet.
If it is a flash of light in the sky from something burning up, it is a meteor.
[image: 📋]   Summary
Asteroids, comets, and meteors are all connected to space, but they are different. Asteroids are rocky objects that orbit the Sun. Comets are icy objects that can grow glowing tails near the Sun. Meteors are streaks of light made when tiny bits of space rock or dust burn up in Earth’s atmosphere.


  
  Put what you read to the test

  You've worked through Asteroids Comets and Meteors. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1333






  [image: 📝]   Lesson 14: Constellations

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1372




  Constellations are groups of stars that make a pattern in the night sky. People long ago looked up at the stars and imagined shapes like animals, people, and objects. They gave these star patterns names. These named patterns are called constellations.


When we look at the sky, the stars can seem like they are close together. But many stars are actually very far away from each other. From Earth, they just look like they make a picture.


Learning about constellations helps us notice patterns in the sky. It also helps us understand that the night sky can look different at different times of year.


Main Idea 1: A constellation is a star pattern.


A constellation is not a line drawn in the sky. It is a group of stars that people connect in their minds to make a shape. Different people may imagine different pictures, but many constellations have names that people have used for a very long time.



  	Some constellations look like animals.

  	Some look like people.

  	Some look like tools or objects.




One famous constellation is Orion. Many people say Orion looks like a hunter. Another famous group is the Big Dipper. It looks like a big spoon or dipper. The Big Dipper is part of a larger constellation called Ursa Major.


Main Idea 2: Stars in a constellation do not really make a flat picture.


Constellations are patterns we see from Earth. The stars in one constellation may be at different distances from Earth. They only appear to make a shape because of where we are looking from.


You can think of it like stickers on different windows. If you stand in one spot, the stickers may look close together. But really, they are on different windows at different distances.


Main Idea 3: Constellations seem to move across the sky at night.


As Earth turns, the stars seem to move across the sky. They rise, move, and set. But it is really Earth rotating that makes them seem to move.


This is why a constellation you see in one part of the sky early at night may be in a different part of the sky later.


Main Idea 4: Some constellations are easier to see in different seasons.


Earth moves around the Sun during the year. Because of this, the nighttime side of Earth faces different directions in space in different seasons. That means we see different constellations at different times of year.



  	Some constellations are easy to see in winter.

  	Some are easy to see in spring.

  	Some are easy to see in summer.

  	Some are easy to see in fall.




For example, Orion is often seen more easily in winter evenings. A constellation that is easy to find in one season may be hard to see or not visible at all in another season.


Main Idea 5: Some star patterns can help us find others.


People often use easy-to-find constellations or star groups to help spot other ones. The Big Dipper is a good example. If you can find it, it can help you look for other stars nearby.


This is one reason constellations are useful. They help us map the sky, just like roads help us map a town.


How to Observe Constellations



  	Go outside on a clear night with an adult.

  	Find a dark place away from bright lights if possible.

  	Look up and let your eyes get used to the dark.

  	Look for a group of bright stars that seems to make a pattern.

  	Try to imagine the shape and compare it to a picture or sky map.




You do not need to find every star in a constellation. Often, just a few bright stars help you notice the pattern.


Worked Example 1: Finding a pattern


Ava sees a group of stars that looks like a spoon. She learns that this pattern is called the Big Dipper. Is the Big Dipper a constellation?


Answer: The Big Dipper is a named star pattern that people use to find stars in the sky. It is a famous star group, and it is part of the larger constellation Ursa Major. So it is a star pattern people recognize in the sky.


Worked Example 2: Why stars seem to move


Leo sees Orion in one place right after dinner. Later that night, Orion seems to be in a new place. Did Orion move around Earth?


Answer: No. Orion only seems to move. Earth is rotating, and that makes the stars appear to move across the sky.


Worked Example 3: Seasons and constellations


Mia sees a constellation in winter. She looks for the same one in summer and cannot find it. Why not?


Answer: Earth moves around the Sun during the year. In different seasons, the nighttime side of Earth faces different parts of space. That is why some constellations are easier to see in one season than another.


Worked Example 4: Real shape or sky pattern?


Noah says, “The stars in a constellation are all right next to each other in space.” Is Noah correct?


Answer: No. The stars only look like they make a picture from Earth. In space, they can be very far from one another.


Things to Remember



  	A constellation is a named pattern of stars.

  	People imagined shapes in the stars and gave them names.

  	The stars in a constellation may be far apart in space.

  	Stars seem to move across the sky because Earth rotates.

  	Different constellations are easier to see in different seasons because Earth moves around the Sun.




Brief Summary


Constellations are named patterns of stars in the night sky. They help people recognize and map the sky. The stars in a constellation only appear to make a shape from Earth, and different constellations can be seen in different seasons. As Earth rotates, constellations seem to move across the sky during the night.


  
  Put what you read to the test

  You've worked through Constellations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1336






  [image: 📝]   Lesson 15: Space Exploration Technology

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/86




  Space Exploration Technology is the special tools and machines people use to learn about space.
Space is very big, very far away, and hard to visit. So scientists build helpful technology to look, listen, travel, and live in space.
In this lesson, we will learn about rovers, probes, optical telescopes, radio telescopes, and the International Space Station (ISS).
Why do we need space technology?
	Space is too far to walk to.
	People cannot breathe in space without help.
	Some planets are too hot, cold, or rocky for people to visit right away.
	Special tools help us see things our eyes cannot see alone.

These tools help us ask questions like:
	What is Mars like?
	What are stars made of?
	How do planets move?
	What can astronauts learn in space?

1. Rovers
A rover is a robot car that moves around on the ground of another world.
Rovers often go to places where it may be hard or unsafe for people to go. They have wheels, cameras, and tools to study rocks, dirt, and weather.
For example, a rover on Mars can roll across the dusty ground, take pictures, and test the soil.
Rovers help scientists learn by:
	taking close-up pictures
	studying rocks and soil
	checking the weather
	sending information back to Earth

Think about it: A rover is like a robot explorer.
2. Probes
A probe is a machine sent into space to collect information.
Some probes fly past planets. Some go into orbit around a planet. Some land on moons or planets. A probe does not need a person on board.
Probes can travel very far. They help us study places that are too far away for astronauts to visit easily.
Probes help scientists learn by:
	measuring temperature
	taking pictures from space
	studying gases and rocks
	sending messages and data back to Earth

Think about it: A probe is like a robot messenger and helper in space.
Rover or probe?
A rover usually moves on the surface of a planet or moon.
A probe usually travels through space or studies a place without driving around like a rover.
3. Optical Telescopes
An optical telescope is a tool that uses light to help us see faraway things in space.
It makes objects like the Moon, planets, and stars look bigger and clearer. Some optical telescopes are on Earth, and some are in space.
When scientists use optical telescopes, they can study:
	the shape of planets
	the brightness of stars
	moons around planets
	faraway groups of stars

Think about it: An optical telescope is like a super strong eye for space.
4. Radio Telescopes
A radio telescope is a tool that listens to radio waves from space.
Space objects do not only give off light. Some also send out radio waves. A radio telescope helps scientists learn things that may not be easy to see with just an optical telescope.
Radio telescopes are often very big. They may look like giant bowls or dishes pointed at the sky.
Radio telescopes help scientists:
	study stars and galaxies
	learn about space gas and dust
	collect signals from far away

Think about it: An optical telescope helps us see. A radio telescope helps us listen.
5. The International Space Station (ISS)
The International Space Station, or ISS, is a large spacecraft that travels around Earth.
Astronauts live and work there for a time. They do science experiments in space.
The ISS is special because people from different countries work together to build, use, and learn from it.
On the ISS, astronauts can:
	study how people live in space
	do experiments with plants, water, and materials
	look at Earth from above
	learn how to prepare for longer space trips

Think about it: The ISS is like a science lab floating above Earth.
How these tools are different
	Rover: a robot that drives on a planet or moon
	Probe: a robot machine sent into space to collect information
	Optical telescope: uses light to help us see space
	Radio telescope: uses radio waves to help us learn about space
	ISS: a space station where astronauts live and work

How these tools work together
Scientists do not use just one tool. They use many tools together.
For example, a telescope might spot something interesting on Mars. Then a probe may fly there. Later, a rover may land and explore the ground closely.
The ISS helps astronauts test what people need to live and work in space. This can help future missions to the Moon or Mars.
Worked Example 1
Question: A robot is rolling over rocks on Mars and taking pictures. What is it?
Step 1: Ask, does it move on the ground?
Step 2: Yes, it rolls on the surface of Mars.
Answer: It is a rover.
Worked Example 2
Question: A scientist wants to make faraway stars look bigger using light. Which tool should the scientist use?
Step 1: Look for the tool that uses light.
Step 2: An optical telescope uses light.
Answer: The scientist should use an optical telescope.
Worked Example 3
Question: A giant dish-shaped tool points at the sky and collects radio waves. What is it?
Step 1: Think about which tool works with radio waves.
Step 2: Radio telescopes collect radio waves from space.
Answer: It is a radio telescope.
Worked Example 4
Question: Astronauts are doing science experiments while living in space above Earth. Where are they?
Step 1: Think about the place where astronauts live and work in space.
Step 2: The ISS is a space station above Earth.
Answer: They are on the International Space Station (ISS).
Examples from real learning
	A rover can help us learn if Mars has rocks that tell us about its past.
	A probe can send back pictures of a faraway planet.
	An optical telescope can help us see the Moon and stars more clearly.
	A radio telescope can help scientists study signals from deep space.
	The ISS helps astronauts learn how to live in space safely.

Remember:
	Some tools go to space.
	Some tools look at space from far away.
	Some tools help people live in space.

Quick check
	Which tool drives around on another world? Rover
	Which tool is sent into space to collect information? Probe
	Which telescope uses light? Optical telescope
	Which telescope uses radio waves? Radio telescope
	Where do astronauts live and do experiments above Earth? ISS

[image: 📋]   Summary
Space exploration technology helps people learn about space in many ways.
Rovers explore the ground on other worlds. Probes travel through space and collect information. Optical telescopes use light to see faraway objects, and radio telescopes use radio waves to learn more about space.
The ISS is a place where astronauts live and do science in space. All of these tools help us discover more about the universe.


  
  Put what you read to the test

  You've worked through Space Exploration Technology. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1339






  
    
  [image: 📖]   Chapter 8

  Plant Form and Function



  [image: 📝]   Lesson 16: Root Systems
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  Root Systems are the parts of a plant that grow under the ground. Roots are very important because they help a plant live and grow.


Have you ever pulled a weed or looked at a carrot? The part under the soil is the root system. Some roots are big and thick. Some are thin and spread out like a net. Even though roots can look different, they all do important jobs for the plant.


In this lesson, you will learn about two kinds of root systems: taproots and fibrous roots. You will also learn what roots do.


What do roots do?



  	Anchor the plant. This means roots hold the plant in the soil so it does not fall over easily.

  	Absorb water. Roots take in water from the soil.

  	Take in nutrients. Nutrients are tiny bits in the soil that help plants grow.

  	Store food. Some roots save food for the plant to use later.




You can think of roots like a plant's underground helper. They hold, drink, gather, and store.


Two main kinds of root systems


1. Taproot


A taproot has one main root that grows straight down into the soil. Smaller roots grow out from the sides of the main root.


Taproots are often thick and strong. They can go deep into the ground. This helps the plant reach water far below the surface.


Some taproots also store food. That is why some roots are big and thick.


Examples of taproots:


  	Carrot

  	Radish

  	Beet

  	Dandelion




If you look at a carrot, you are really looking at a taproot that stores food.


2. Fibrous roots


A fibrous root system has many thin roots that spread out in different directions. There is no one big main root.


Fibrous roots stay closer to the top of the soil. They spread out like a mat or a web.


These roots are very good at grabbing water from the top layer of soil. They also help hold the soil in place.


Examples of fibrous roots:


  	Grass

  	Wheat

  	Rice

  	Corn




If you pull up a small patch of grass, you may see lots of skinny roots all tangled together. That is a fibrous root system.


How are taproots and fibrous roots different?



  	A taproot has one main root with smaller side roots.

  	A fibrous root system has many thin roots and no one main root.

  	Taproots often grow deeper into the ground.

  	Fibrous roots often spread wide and shallow near the top of the soil.

  	Some taproots store food very well.




Why do plants need roots?


Without roots, a plant would have a hard time standing up. Wind or rain might knock it over. Roots keep the plant steady in the ground.


Without roots, the plant would also have trouble getting water and nutrients. The roots pull these in from the soil so the rest of the plant can use them.


Some plants use their roots like a storage place. They keep extra food in the roots. Later, the plant can use that stored food to keep growing.


Worked Example 1: Finding the taproot


A plant has one big root going down and a few smaller roots coming out of it. What kind of root system is it?


Step 1: Look for the main root.

There is one big root.


Step 2: Match it to what you know.

One big main root means it is a taproot.


Answer: The plant has a taproot.


Worked Example 2: Finding the fibrous roots


A plant has lots of thin roots spreading out under the soil. There is no one big root. What kind of root system is it?


Step 1: Look at the roots.

There are many thin roots.


Step 2: Check for a main root.

There is no one big main root.


Answer: The plant has fibrous roots.


Worked Example 3: What job is the root doing?


A carrot plant has a thick root under the ground. The root holds extra food for the plant. What job is the root doing?


Step 1: Think about root jobs.


  	Hold the plant in place

  	Take in water and nutrients

  	Store food




Step 2: Match the clue.

The clue says the root holds extra food.


Answer: The root is storing food.


Worked Example 4: Comparing two plants


Plant A is a carrot. Plant B is grass. Which plant most likely has a taproot, and which has fibrous roots?


Step 1: Remember the examples.

Carrot is an example of a taproot. Grass is an example of fibrous roots.


Answer:


  	Plant A (carrot) has a taproot.

  	Plant B (grass) has fibrous roots.




Let’s remember the big idea


Root systems help plants survive. They hold the plant in place, take in water, take in nutrients, and sometimes store food.


There are two main root systems to know:


  	Taproot: one big main root, often deep, sometimes stores food

  	Fibrous roots: many thin roots, spread out near the top of the soil




When you see a carrot, think taproot. When you see grass, think fibrous roots.


[image: 📋]   Summary


Roots are the underground parts of plants. They help plants stay in the soil, get water and nutrients, and sometimes store food.


Taproots have one main root, and fibrous roots have many thin roots. Both kinds of roots help plants grow strong and healthy.


  
  Put what you read to the test

  You've worked through Root Systems. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1356






  [image: 📝]   Lesson 17: Seed Development and Dispersal
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  Seed Development and Dispersal


Plants make new plants by making seeds. A seed is a tiny plant baby with food stored inside. When a seed gets what it needs, it can grow into a new plant.


But how does a seed get made? And how does it travel to a new place? In this lesson, we will learn how seeds grow inside fruits and how they are moved by wind, water, and animals.


1. How a seed begins


Many plants make flowers. Flowers help plants make seeds. Inside a flower are tiny parts that help start a new seed.


After the flower is helped by pollen, a tiny part inside the flower called an ovule begins to change. The ovule grows and becomes a seed.


At the same time, another part of the flower grows bigger and becomes the fruit. The fruit holds and protects the seeds.


So we can remember it like this:



  	Ovule becomes a seed.

  	Flower part around it becomes a fruit.




2. What is inside a seed?


A seed is small, but it has important parts inside.



  	A baby plant

  	Stored food for the baby plant

  	A seed coat on the outside to protect it




The seed coat is like a little jacket. It helps keep the inside safe until the seed is ready to grow.


3. Why fruits are important


Fruits do more than taste good. Their job is to protect seeds and often to help seeds travel.


Some fruits are soft and juicy, like apples, peaches, and berries. Some are dry, like pods and nuts. No matter what they are like, fruits help keep seeds safe.


4. What is dispersal?


Dispersal means seeds are spread out and moved away from the parent plant.


This is important because if all seeds fell in one tiny spot, the new plants would fight for the same sunlight, water, and space.


When seeds spread out, they have a better chance to grow into healthy plants.


5. Seed dispersal by wind


Some seeds are very light. Some have fluff, wings, or tiny shapes that help them float in the air. The wind can carry these seeds away.


Dandelion seeds are a good example. Their fluffy tops act like little parachutes. Maple seeds are another example. They spin as they fall and can be blown away.



  	Wind-dispersed seeds are often small and light.

  	They may have wings or fluffy parts.




6. Seed dispersal by water


Some seeds and fruits can float. Water carries them to a new place.


A coconut is a famous example. It can float on water and travel far away. Seeds near rivers, ponds, or oceans may be moved this way.



  	Water-dispersed seeds often have a way to float.

  	They can travel across streams, rivers, or ocean water.




7. Seed dispersal by animals


Animals help move seeds in different ways.


Sometimes an animal eats a fruit. The seeds inside may be dropped later in a new place. This helps the seeds spread out.


Other seeds have hooks or sticky parts that cling to fur or feathers. The animal walks to another place, and the seeds fall off there.


Squirrels also help. They carry and bury nuts. Sometimes they forget where they put them. Then the nut may grow into a new plant.



  	Animals may eat fruits and move the seeds.

  	Seeds may stick to fur.

  	Animals may carry and bury seeds.




8. Why different seeds travel in different ways


Plants live in many different places. A plant near water may have seeds that float. A plant in a windy field may have light seeds. A plant with tasty fruit may depend on animals.


These are called adaptations. An adaptation is a feature that helps a living thing do its job well. For seeds, the job is to stay safe and get to a good place to grow.


Worked Example 1: Finding the seed and fruit


A peach grows on a tree. Inside the peach is a hard pit with a seed inside it.



  	The part that became the seed was the ovule inside the flower.

  	The part that became the fruit was the flower part around it.




Answer: The seed formed inside the flower, and the peach fruit grew around it to protect it.


Worked Example 2: Which seed uses wind?


Look at these two seeds:



  	Seed A is tiny and fluffy.

  	Seed B is heavy and round.




Which seed is more likely to travel by wind?


Step 1: Think about what wind can carry best. Wind carries things that are light.


Step 2: Look for a helpful shape. Fluffy parts can help a seed float.


Answer: Seed A is more likely to travel by wind because it is tiny and fluffy.


Worked Example 3: Which seed uses water?


A seed has a thick outside and can float on a pond without sinking. How might it be dispersed?


Step 1: Notice the clue: it can float.


Step 2: Floating helps a seed move on water.


Answer: It is likely dispersed by water.


Worked Example 4: How do animals help?


A dog walks through grass. Later, burrs are stuck to its fur. The burrs fall off in another place.


How were the seeds dispersed?


Step 1: The seeds stuck to an animal.


Step 2: The animal moved to a new place.


Answer: The seeds were dispersed by animals.


Let’s compare the three main ways seeds spread



  	Wind: light seeds, fluffy seeds, winged seeds

  	Water: floating seeds or fruits

  	Animals: seeds eaten, carried, buried, or stuck to fur




Important ideas to remember



  	Seeds begin as ovules inside flowers.

  	After they begin to grow, the ovules become seeds.

  	The flower part around them grows into a fruit.

  	Fruits protect seeds.

  	Seeds are dispersed by wind, water, and animals.

  	Dispersal helps plants grow in new places.




Brief Summary


Plants make seeds inside flowers. The ovule becomes a seed, and the flower part around it becomes a fruit. Fruits protect seeds and can help them travel. Seeds are spread by wind, water, and animals so new plants can grow in new places.


  
  Put what you read to the test

  You've worked through Seed Development and Dispersal. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1360






  [image: 📝]   Lesson 18: Germination Conditions

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1391




  Germination Conditions means the things a seed needs to start growing. When a seed begins to sprout, it is called germination.


Seeds may look small and quiet, but they are alive. Inside a seed is a tiny baby plant. It waits until the conditions are right to begin growing.


Just like people need food, water, and a safe place to grow, seeds need certain things too. If a seed does not get what it needs, it may stay asleep and not sprout yet.


Let’s learn the main conditions that help many seeds germinate.


1. Water


Water is one of the most important things a seed needs. When a seed gets water, it softens. The seed coat, which is the outside covering, begins to open.


Then the tiny plant inside can start to grow. The first little root usually comes out first. This root helps the plant take in more water from the soil.


If there is too little water, the seed may stay dry and not sprout. If there is too much water, the seed may not grow well either.


2. Warmth


Many seeds need warmth to germinate. Warmth helps the seed wake up and begin growing.


If it is too cold, the seed may wait. That is why many plants sprout in spring, when the weather becomes warmer.


Different seeds like different temperatures, but many seeds need a place that is not too cold and not too hot.


3. Air


Seeds also need air. Even though seeds are in soil, tiny spaces in the soil hold air.


The seed uses air while it starts growing. If the soil is packed too tightly or filled with too much water, the seed may not get enough air.


4. Light or Darkness


Some seeds need light to germinate. Some seeds need darkness. Many seeds can germinate underground in the dark.


This means not all seeds are the same. A seed’s kind helps decide what it needs.


For 2nd grade, it is important to remember this: some seeds need light, and some do not.


5. Special Triggers


A few seeds need special things to start growing. Some seeds may sprout after a fire has passed through an area. Some may need very bright light. These are called special triggers.


This does not happen for every seed. It only happens for some kinds of plants. Nature has many different ways to help plants grow in the right place and time.


What happens when a seed germinates?



	The seed gets water.

	The seed begins to swell and soften.

	The seed coat opens.

	A tiny root comes out first.

	A shoot begins to grow upward.

	The young plant keeps growing.




This is the beginning of a new plant’s life.


What a seed needs and does not need at first



	Needs: water, air, and the right temperature

	Sometimes needs: light, darkness, or another special trigger

	Does not need right away: a lot of space or big leaves




The baby plant has stored food inside the seed to help it get started.


Worked Example 1


Mia puts one bean seed in dry soil by a sunny window. She never waters it.


Question: Will the seed probably germinate?


Answer: No, it probably will not germinate.


Why? The seed has sunlight, but it does not have water. Water is one of the main things a seed needs to start sprouting.


Worked Example 2


Leo plants two seeds. He gives both seeds water and air. One seed is kept in a warm room. The other is kept in a very cold place.


Question: Which seed is more likely to germinate first?


Answer: The seed in the warm room is more likely to germinate first.


Why? Many seeds need warmth to wake up and begin growing. The cold seed may stay asleep longer.


Worked Example 3


Sara gives a seed water every day, but the pot has no holes on the bottom, and the soil stays very soggy.


Question: What problem might the seed have?


Answer: The seed may not get enough air.


Why? Seeds need air in the soil. If there is too much water, the air spaces can fill up with water, and the seed may not grow well.


Worked Example 4


Two different kinds of seeds are planted. Both get water, air, and warmth. One kind sprouts in the light. The other kind sprouts only when covered by soil in the dark.


Question: What does this show?


Answer: It shows that different seeds can need different conditions.


Why? Some seeds need light to germinate, and some do not. Seeds are not all exactly the same.


Let’s compare



	A dry seed usually does not sprout.

	A watered seed may sprout.

	A warm seed often sprouts faster than a cold seed.

	A seed with air in the soil can grow better.

	Some seeds need light, but some need darkness.




Easy way to remember


Many seeds need water + air + warmth to begin growing.


We can think of it like this:


Seed + water + air + warmth = sprout


In math symbols, we can write:


1 seed + water + air + warmth → sprout


This is not regular math to solve. It is just a simple way to show what helps a seed start growing.


[image: 📋]   Summary


Germination is when a seed begins to sprout and grow. Most seeds need water, air, and the right temperature to germinate. Some seeds also need light, darkness, or another special trigger. When the conditions are right, the tiny plant inside the seed wakes up and begins to grow.


  
  Put what you read to the test

  You've worked through Germination Conditions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1361






  [image: 📝]   Lesson 19: Plant Tropisms

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1392




  Plant Tropisms are ways plants grow in response to things around them. A plant cannot walk to a better spot, so it changes the way it grows. This helps the plant get what it needs to live.
Plants need sunlight, water, air, and space. A plant may bend, stretch, or curl as it grows. These growth changes are called tropisms.
Think of a plant like a quiet helper in nature. It does not talk or move from place to place, but it is always responding to the world. If light is on one side, the plant may grow toward it. If roots are in the soil, they grow downward. If a vine touches a fence, it may wrap around it.
There are three main plant tropisms to learn:
	Light tropism: a plant grows toward light.
	Gravity tropism: roots grow down, and stems grow up.
	Touch tropism: a plant changes how it grows when it touches something.

Let’s learn about each one.
1. Light Tropism
Plants use light to make their food. Because light is so important, many stems and leaves grow toward the light. This is called light tropism.
If a plant sits near a sunny window, you may notice it leaning toward the window. The plant is not trying to be silly. It is growing in the direction where it can get more light.
Example: A bean plant is on a table. The window is on the left side. After a few days, the stem bends left. The plant is showing light tropism.
2. Gravity Tropism
Gravity pulls things down toward the ground. Plants respond to gravity as they grow. This is called gravity tropism.
Roots usually grow downward into the soil. Growing down helps roots find water and hold the plant in place.
Stems usually grow upward. Growing up helps the plant reach light and air.
So, one plant has different parts doing different jobs:
	Roots grow down.
	Stems grow up.

Example: You plant a seed in a cup of soil. Soon, the root grows down and the shoot grows up. This is gravity tropism.
3. Touch Tropism
Some plants respond when they touch something. This is called touch tropism.
Vines are a great example. A vine may touch a stick, string, or fence. Then it begins to wrap around it as it grows. This helps support the plant.
Example: A pea plant vine touches a garden pole. After some time, the vine curls around the pole. The vine is showing touch tropism.
Why are tropisms important?
Tropisms help plants survive. They help plants get the things they need.
	Light tropism helps plants get sunlight.
	Gravity tropism helps roots get water and keeps the plant steady.
	Touch tropism helps some plants get support.

Without these growth responses, plants would have a harder time living and growing well.
Plant Parts and Tropisms
Different plant parts can respond in different ways.
	Roots: usually respond to gravity by growing down.
	Stems: usually respond to gravity by growing up and to light by growing toward it.
	Vines: often respond to touch by curling around objects.

This means one plant can show more than one tropism at the same time.
Worked Example 1
A flower pot is placed near a bright window. After one week, the stem leans toward the window.
Question: What tropism is this?
Answer: This is light tropism.
Why? The stem is growing toward the light from the window.
Worked Example 2
A seed starts to grow in the soil. The root goes down into the dirt. The stem grows up above the soil.
Question: What tropism is this?
Answer: This is gravity tropism.
Why? The root responds by growing down, and the stem responds by growing up.
Worked Example 3
A vine plant is growing next to a fence. When the vine touches the fence, it wraps around it.
Question: What tropism is this?
Answer: This is touch tropism.
Why? The plant changed its growth after touching the fence.
Worked Example 4
A small plant near a window has roots growing down into the soil and a stem bending toward the window.
Question: How many tropisms do you see?
Answer: You see two tropisms.
We can show it like this:
1 gravity tropism+1 light tropism=2 tropisms
Why? The roots growing down show gravity tropism. The stem bending toward the window shows light tropism.
How to remember the three tropisms
	Light = grow toward sunshine.
	Gravity = roots down, stems up.
	Touch = curl or wrap after touching something.

Try thinking about these questions:
	If you turn a plant so the window is on the other side, which way might the stem grow?
	If a root grows downward, what tropism is it showing?
	If a vine wraps around a stick, what tropism is it showing?

Answers:
	The stem may grow toward the new side with light.
	Gravity tropism.
	Touch tropism.

Brief Summary
Plants respond to the world by changing how they grow. These growth responses are called tropisms. Plants may grow toward light, roots may grow with gravity, and vines may respond to touch. Tropisms help plants get light, water, and support so they can live and grow.


  
  Put what you read to the test

  You've worked through Plant Tropisms. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1362






  [image: 📝]   Lesson 20: Seasonal Adaptations

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1393




  Seasonal Adaptations are ways plants change or stay safe during different times of the year. Plants do not walk to a new place when weather changes. Instead, they use special parts and behaviors to help them live through winter, dry times, and shorter days.
Some plants lose their leaves. Some keep their leaves all year. Some slow down and rest. These changes help plants save water, save energy, and stay alive until better growing weather returns.
In this lesson, you will learn about deciduous plants, evergreen plants, dormancy, drought, and how plants respond to changing daylight.
What is a seasonal adaptation?
A seasonal adaptation is a helpful change that lets a plant survive during a certain season. Seasons bring changes in temperature, rain, snow, and sunlight. Plants must be ready for these changes.
For example, winter can be very cold. Water may freeze, and there is less sunlight each day. In summer, some places may get very dry. Plants need ways to handle both cold and dry conditions.
Deciduous plants
Deciduous plants are plants that lose their leaves during part of the year, usually in fall before winter. Many trees, such as maple and oak, are deciduous.
Leaves are important because they help a plant make food from sunlight. But leaves also lose water. In winter, when the ground may be frozen and water is hard to get, keeping many leaves can be a problem.
So, deciduous plants drop their leaves to save water and save energy. This helps the plant survive until spring.
Before leaves fall, they may change color. Then the plant lets the leaves go. During winter, the branches may look bare, but the plant is still alive.
Evergreen plants
Evergreen plants keep their leaves all year long. Many evergreens have leaves shaped like needles, such as pine and fir trees.
Needle-like leaves are helpful because they lose less water than big, flat leaves. Many evergreens also have a waxy coating on their needles. This coating helps keep water inside the plant.
Evergreens do not keep each leaf forever. They lose old needles a little at a time, not all at once. That is why they stay green through the seasons.
Dormancy
Dormancy is a resting time for a plant. During dormancy, the plant slows down. It does not grow much. It saves its energy for a better time, like spring.
Winter dormancy helps many plants survive cold weather. A tree may look like it is not doing anything, but inside, it is protected and waiting.
Some plants also become dormant during very dry times. If there is not enough water, resting can help the plant stay alive until rain comes.
Drought
A drought is a long time with very little rain. During a drought, plants may not get enough water.
Plants have different ways to handle drought. Some plants have deep roots to reach water far underground. Some have thick stems or leaves that store water. Some plants stop growing for a while. Some drop leaves to lose less water.
These are all adaptations that help plants survive dry weather.
Changing daylight hours
Plants also respond to how much sunlight they get each day. In fall and winter, days become shorter. In spring and summer, days become longer.
Shorter days can signal a plant that winter is coming. This can help the plant get ready by slowing growth, dropping leaves, or becoming dormant.
Longer days can signal that spring is coming. Then plants may begin to grow new leaves, make flowers, and grow faster again.
Plants do not think like people do, but they do respond to changes in the world around them. Daylight helps tell them what season it is.
How plant parts help with seasonal adaptation
	Leaves: May be dropped to save water, or may be needle-shaped to hold water better.
	Roots: Can grow deep to find water during dry times.
	Stems and trunks: Help support the plant and move water and food. Some can store water.
	Buds: Tiny new leaves or flowers may stay protected inside buds during winter.

Why these adaptations matter
If plants could not adapt to seasons, many would not survive. Cold, ice, dry weather, and less sunlight can make life hard for plants.
Seasonal adaptations help plants live through tough times. Then, when the weather becomes warmer or wetter, plants can grow again.
Worked Example 1: Deciduous or evergreen?
Question: A tree loses all of its leaves in fall and has bare branches in winter. Is it deciduous or evergreen?
Step 1: Think about what deciduous means. Deciduous plants lose their leaves during part of the year.
Step 2: Compare the tree to that meaning. This tree loses all its leaves in fall.
Answer: The tree is deciduous.
Worked Example 2: Why do leaves fall?
Question: Why might a deciduous tree drop its leaves before winter?
Step 1: Remember that winter can be cold and water may be harder for plants to get.
Step 2: Leaves lose water. Keeping many leaves in winter can make it harder for the plant.
Answer: The tree drops its leaves to save water and energy.
Worked Example 3: What helps an evergreen?
Question: A pine tree stays green in winter. What leaf trait helps it survive?
Step 1: Think about evergreen leaves. They are often thin like needles.
Step 2: Needle-like leaves and a waxy covering help keep water in.
Answer: Its needle-like, waxy leaves help it survive.
Worked Example 4: Daylight and dormancy
Question: In fall, the days get shorter. How might a plant respond?
Step 1: Shorter days can tell a plant that winter is coming.
Step 2: The plant may slow down, drop leaves, or go dormant.
Answer: The plant may become dormant or get ready for winter.
Let’s compare deciduous and evergreen plants
	Deciduous plants: Lose leaves during part of the year.
	Evergreen plants: Keep leaves all year.
	Deciduous plants: Often have broad, flat leaves.
	Evergreen plants: Often have needle-like leaves.
	Both: Have adaptations that help them survive changing seasons.

Signs of seasonal adaptation you can observe
	Leaves changing color and falling in autumn
	Evergreen trees staying green in winter
	Trees with bare branches in winter
	New buds and leaves growing in spring
	Plants looking dry or resting during hot, dry weather

Think about it
If two plants live in the same place, they may still adapt in different ways. One may drop leaves. Another may keep waxy needles. Both ways can help plants survive.
This shows that plants are living things with many smart survival features. Their roots, stems, leaves, and buds all help them through the seasons.
Brief Summary
Seasonal adaptations help plants survive winter, drought, and changing daylight. Deciduous plants drop their leaves to save water and energy. Evergreen plants keep special leaves, often needles with a waxy covering, to help them hold water. Many plants also go into dormancy, a resting time, until conditions are better for growing again.


  
  Put what you read to the test

  You've worked through Seasonal Adaptations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1363






  
    
  [image: 📖]   Chapter 9

  Animal Form, Function, and Behavior



  [image: 📝]   Lesson 21: Respiratory Adaptations
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  Respiratory Adaptations are the special body parts animals use to breathe.
Breathing means taking in oxygen from air or water and getting rid of a waste gas called carbon dioxide.
Different animals live in different places. Because of that, they do not all breathe the same way.
Some animals breathe with lungs. Some use gills. Some can breathe through their skin. Some tiny animals use small holes called spiracles.
These special breathing body parts are called respiratory adaptations. An adaptation is something that helps a living thing survive.
Why do animals need respiratory adaptations?
Animals live in many places, like oceans, ponds, forests, deserts, and even underground.
An animal that lives in water needs a way to get oxygen from water. An animal that lives on land needs a way to get oxygen from the air.
Respiratory adaptations help animals breathe in the place where they live.
Lungs
Lungs are breathing organs inside the body.
Many land animals have lungs. People, dogs, cats, birds, and rabbits all use lungs.
Lungs take oxygen from the air when an animal breathes in. They also help the animal get rid of carbon dioxide when it breathes out.
Lungs work well on land because land animals are surrounded by air.
Example animals with lungs:
	People
	Dogs
	Birds
	Lizards
	Whales and dolphins come up to the surface to breathe air with lungs

Even though whales and dolphins live in water, they do not have gills. They must come to the top of the water to breathe air.
Gills
Gills are body parts that help animals get oxygen from water.
Fish use gills to breathe underwater.
As water moves over the gills, the gills take in oxygen from the water.
Gills are a great adaptation for animals that live in water.
Example animals with gills:
	Fish
	Many young frogs, called tadpoles
	Some other water animals

A fish cannot use its gills well on dry land. Gills work best in water.
Skin
Some animals can breathe through their skin.
The skin must stay wet or moist for this to work well.
Frogs and earthworms are good examples.
A frog can use its lungs, but it can also take in oxygen through its skin. This helps the frog live part of its life in water and part on land.
An earthworm does not have lungs like we do. It gets oxygen through its moist skin.
Example animals that can use skin to breathe:
	Earthworms
	Frogs

Spiracles
Spiracles are tiny holes on the sides of the bodies of many insects.
Air goes in and out through these small openings.
Insects like grasshoppers, ants, and beetles use spiracles to breathe.
Spiracles are different from lungs. They are also different from gills.
Example animals with spiracles:
	Ants
	Grasshoppers
	Beetles

How body parts match where animals live
An animal’s breathing body part matches its habitat, or the place where it lives.
	Fish live in water, so gills help them breathe.
	Dogs live on land, so lungs help them breathe air.
	Earthworms live in damp soil, so their moist skin helps them breathe.
	Insects use spiracles to take in air.

When we study respiratory adaptations, we ask: What body part helps this animal breathe where it lives?
Worked Examples
Example 1: Fish in a pond
A fish lives in a pond. Does it use lungs or gills?
Step 1: Think about where the fish lives. It lives in water.
Step 2: Animals that breathe in water often use gills.
Answer: The fish uses gills.
Example 2: Dog in a yard
A dog runs and plays in a yard. Does it use skin, gills, or lungs to breathe?
Step 1: Think about where the dog lives. It lives on land.
Step 2: Many land animals use lungs.
Answer: The dog uses lungs.
Example 3: Earthworm after rain
An earthworm is wriggling in wet soil after a rainstorm. What helps it breathe?
Step 1: Remember that earthworms do not have lungs like people.
Step 2: Earthworms take in oxygen through moist skin.
Answer: The earthworm uses its skin to breathe.
Example 4: Ant on a leaf
An ant crawls on a leaf. What special body part helps it breathe?
Step 1: An ant is an insect.
Step 2: Many insects breathe through tiny holes called spiracles.
Answer: The ant uses spiracles.
Let’s compare
	Lungs help many animals breathe air.
	Gills help many animals breathe in water.
	Skin can help some animals breathe if it stays moist.
	Spiracles are tiny openings insects use to breathe air.

Things to remember
	Animals need oxygen to live.
	Different animals have different breathing body parts.
	These breathing body parts are called respiratory adaptations.
	Respiratory adaptations help animals survive in their habitats.

Brief Summary
Animals do not all breathe the same way.
Some animals use lungs, some use gills, some use skin, and many insects use spiracles.
These respiratory adaptations help animals get oxygen from the place where they live, like air or water.


  
  Put what you read to the test

  You've worked through Respiratory Adaptations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1369
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  Digestive Specializations means that different animals have different body parts to help them eat and use their food.
Animals do not all eat the same things. Some animals eat mostly meat. Some eat mostly plants. Some eat both plants and meat.
The inside parts that help break down food are called the digestive tract. Teeth are also very important because they help start breaking food into smaller pieces.
Because animals eat different foods, their teeth and digestive tracts are special in different ways.
There are 3 main groups of eaters:
	Carnivores eat meat.
	Herbivores eat plants.
	Omnivores eat both plants and meat.

1. Carnivores
Carnivores are animals that eat other animals. Examples are lions, wolves, and hawks.
Carnivores often have sharp, pointed teeth. These teeth help them bite, tear, and cut meat.
Meat is easier to break down than many tough plant parts. Because of that, carnivores often have a shorter digestive tract than plant-eating animals.
Carnivore clues:
	Sharp teeth
	Teeth for tearing meat
	Usually a shorter digestive tract

2. Herbivores
Herbivores are animals that eat plants. Examples are cows, rabbits, and deer.
Plants can be hard to break down. Leaves, stems, and grass are tough. Herbivores often have flat, wide teeth to grind plants into tiny pieces.
Many herbivores also have a longer digestive tract. The longer path gives the body more time to break down plant food.
Herbivore clues:
	Flat teeth
	Teeth for chewing and grinding
	Usually a longer digestive tract

3. Omnivores
Omnivores eat both plants and meat. Examples are bears, raccoons, and humans.
Omnivores often have different kinds of teeth. They may have some sharper teeth for meat and some flatter teeth for plants.
Their digestive tracts work for both kinds of food. They are often in between the shorter tracts of many carnivores and the longer tracts of many herbivores.
Omnivore clues:
	More than one kind of tooth
	Can chew plants and meat
	Digestive tract fits a mixed diet

Why do teeth matter?
Teeth are the first helpers in digestion. They break food into smaller pieces so the body can use it more easily.
Sharp teeth are good for tearing. Flat teeth are good for grinding.
If an animal eats meat, tearing teeth help. If an animal eats plants, grinding teeth help. If an animal eats both, having both kinds helps.
Why does the digestive tract matter?
After food is chewed, it travels through the digestive tract. The body keeps breaking the food down and takes in what it needs.
Plant foods are often tougher to break down, so many plant-eating animals need a longer digestive tract. Meat is often broken down faster, so many meat-eating animals have a shorter digestive tract.
Let’s compare the 3 groups.
	Carnivore: eats meat, has sharp teeth, often has a shorter digestive tract
	Herbivore: eats plants, has flat teeth, often has a longer digestive tract
	Omnivore: eats both, has a mix of teeth, has a digestive tract that works for both foods

Worked Example 1
A lion has sharp teeth. It uses them to tear meat. Is a lion a carnivore, herbivore, or omnivore?
Step 1: Think about what the lion eats. It eats meat.
Step 2: Match that food to the animal group.
Answer: A lion is a carnivore.
Worked Example 2
A cow has flat teeth that grind grass. Grass is a plant. Is a cow a carnivore, herbivore, or omnivore?
Step 1: Think about the food. Grass is a plant.
Step 2: Animals that eat plants are herbivores.
Answer: A cow is a herbivore.
Worked Example 3
A bear eats fish, berries, and plants. It has different kinds of teeth. Is a bear a carnivore, herbivore, or omnivore?
Step 1: Fish is meat. Berries and plants are plant foods.
Step 2: Animals that eat both plants and meat are omnivores.
Answer: A bear is an omnivore.
Worked Example 4
Which animal would most likely need more grinding teeth: a rabbit that eats plants or a fox that eats meat?
Step 1: Plants usually need grinding.
Step 2: Herbivores often have flat teeth for grinding.
Answer: The rabbit would most likely need more grinding teeth.
Easy way to remember:
	Meat eater = sharp teeth
	Plant eater = flat teeth
	Both = a mix of teeth

Another easy way to remember:
	Plants are tougher to break down, so herbivores often have longer digestive tracts.
	Meat is often easier to break down, so carnivores often have shorter digestive tracts.

Let’s check our thinking.
	If an animal has sharp teeth for tearing meat, it may be a carnivore.
	If an animal has flat teeth for grinding leaves, it may be a herbivore.
	If an animal eats both meat and plants, it is an omnivore.

[image: 📋]   Summary
Animals have special body parts that match the foods they eat. Carnivores eat meat and often have sharp teeth and shorter digestive tracts. Herbivores eat plants and often have flat teeth and longer digestive tracts. Omnivores eat both plants and meat, so they often have a mix of teeth and digestive systems that can handle both kinds of food.


  
  Put what you read to the test

  You've worked through Digestive Specializations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1370
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  Metamorphosis and Life Cycles


Animals grow and change as they live. The way an animal changes from the beginning of its life to an adult is called its life cycle.


Some animals look a lot like their parents when they are born or hatch. Other animals change a lot as they grow. A big change in body form is called metamorphosis.


In this lesson, we will learn about three kinds of life cycles:


  	Complete metamorphosis

  	Incomplete metamorphosis

  	Direct development




We will also learn how to tell them apart.


1. What is a life cycle?


A life cycle is the order of stages an animal goes through as it grows. It starts at the beginning of life, then the animal grows, and finally becomes an adult.


Many adult animals lay eggs or have babies. Then the life cycle begins again.


2. What is metamorphosis?


Metamorphosis means an animal changes a lot as it grows. Its body can look very different at each stage.


For example, a caterpillar does not look like a butterfly. A tadpole does not look like a frog. These animals go through metamorphosis.


3. Complete metamorphosis


Some insects go through complete metamorphosis. This means they have 4 stages.



  	Egg

  	Larva

  	Pupa

  	Adult




We can show the number of stages like this: 2+2=4 stages.


In complete metamorphosis, the young animal looks very different from the adult.


Butterfly example:


  	Egg: A butterfly starts as an egg.

  	Larva: The egg hatches into a caterpillar. The caterpillar eats a lot and grows.

  	Pupa: The caterpillar forms a chrysalis. Inside, its body changes.

  	Adult: A butterfly comes out.




Other animals that can have complete metamorphosis include beetles, flies, and bees.


4. Incomplete metamorphosis


Some insects go through incomplete metamorphosis. This means they have 3 stages.



  	Egg

  	Nymph

  	Adult




We can show the number of stages like this: 1+2=3 stages.


In incomplete metamorphosis, the young animal looks like a small version of the adult, but it is not fully grown yet.


A nymph does not have all the adult body parts yet. It may not have wings, or its wings may be very small.


Grasshopper example:


  	Egg: A grasshopper starts as an egg.

  	Nymph: The egg hatches into a nymph. It looks like a small grasshopper.

  	Adult: The nymph grows bigger and becomes an adult grasshopper.




Other animals that can have incomplete metamorphosis include crickets and dragonflies.


5. Direct development


Some animals do not go through metamorphosis. They have direct development.


In direct development, the baby looks like a small form of the parent. As it grows, it gets bigger and stronger, but it does not change into a totally different body form.


Examples of direct development:


  	Dogs

  	Cats

  	Birds

  	Humans

  	Lizards




A puppy looks like a small dog. A baby bird looks like a small bird. A human baby grows into an adult human. These are examples of direct development.


6. Frog life cycle


Frogs also change a lot as they grow. A frog starts as an egg, hatches into a tadpole, and later becomes an adult frog.


The tadpole has a tail and lives in water. As it grows, it gets legs and loses its tail. Then it becomes an adult frog.


This is a life cycle with big changes, so it is a kind of metamorphosis.


7. How are these life cycles different?



  	Complete metamorphosis: 4 stages and a very big change in body form.

  	Incomplete metamorphosis: 3 stages and the young looks somewhat like the adult.

  	Direct development: no metamorphosis; the young looks like a smaller version of the parent.




8. Why do life cycles matter?


Life cycles help us understand how animals grow, survive, and have young.


Each stage can help an animal live in its habitat. For example, a caterpillar is good at eating leaves, and a butterfly is good at flying to flowers.


Worked Example 1: Butterfly stages


Question: A butterfly has these stages: egg, larva, pupa, adult. Is this complete metamorphosis, incomplete metamorphosis, or direct development?


Step 1: Count the stages. There are 4 stages.


Step 2: Check if there is a larva and a pupa. Yes.


Answer: This is complete metamorphosis.


Worked Example 2: Grasshopper stages


Question: A grasshopper has these stages: egg, nymph, adult. What kind of life cycle is this?


Step 1: Count the stages. There are 3 stages.


Step 2: Look for the word nymph. A nymph means the young looks like a small adult.


Answer: This is incomplete metamorphosis.


Worked Example 3: Puppy growth


Question: A puppy grows into a dog. The puppy looks like a small dog. Is this metamorphosis?


Step 1: Ask: Does the young look very different from the adult? No.


Step 2: Ask: Does it have larva, pupa, or nymph stages? No.


Answer: This is direct development, not metamorphosis.


Worked Example 4: Compare two animals


Question: Which animal changes more as it grows: a butterfly or a chicken?


Step 1: A butterfly starts as an egg, becomes a caterpillar, then a pupa, then an adult butterfly.


Step 2: A chicken hatches from an egg and looks like a small chicken as it grows.


Step 3: Decide which one has the bigger body change.


Answer: The butterfly changes more because it goes through complete metamorphosis.


9. Clues to help you identify the life cycle



  	If you see egg, larva, pupa, adult, it is complete metamorphosis.

  	If you see egg, nymph, adult, it is incomplete metamorphosis.

  	If the baby looks like a small parent, it is usually direct development.

  	If the animal changes into a very different body form, it is metamorphosis.




10. Let’s compare them side by side



  	Complete metamorphosis: butterfly, beetle, bee

  	Incomplete metamorphosis: grasshopper, cricket, dragonfly

  	Direct development: dog, bird, human, lizard




[image: 📋]   Summary


A life cycle is how an animal grows from the beginning of life to an adult. Metamorphosis is a big change in body form as an animal grows.


Complete metamorphosis has 4 stages: egg, larva, pupa, adult. Incomplete metamorphosis has 3 stages: egg, nymph, adult. Direct development means the young looks like a smaller version of the parent.


When you study an animal’s stages, you can tell how it grows and what kind of life cycle it has.


  
  Put what you read to the test

  You've worked through Metamorphosis and Life Cycles. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1372
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  Mammalian Structural Adaptations
Today we will learn about mammals. Mammals are a group of animals with special body parts that help them live and grow.
A body part that helps an animal survive is called an adaptation. An adaptation is something about an animal's body that helps it stay safe, warm, fed, and alive.
Mammals have some important body traits that help us identify them. We can look for hair or fur, mothers that make milk for their babies, and lungs that help them breathe air.
1. Mammals have hair or fur
Hair and fur cover the bodies of mammals. This covering helps keep their bodies warm. It is like wearing a cozy blanket or jacket.
Some mammals have lots of thick fur, like bears and cats. Some mammals have only a little hair, like people or elephants. Even if a mammal does not look very furry, it still has some hair.
Hair or fur can help in other ways too.
	It helps protect skin.
	It helps animals stay warm when it is cold.
	It can help animals blend in.

2. Mammal mothers make milk for their babies
One very special mammal trait is that mother mammals make milk. The milk feeds the babies when they are small.
This helps baby mammals grow strong. Kittens drink milk from their mother. Puppies do too. Human babies also drink milk when they are very young.
This is a big clue that an animal is a mammal.
3. Mammals breathe with lungs
Mammals use lungs to breathe air. Lungs are body parts inside the chest. They take in air and help the body get what it needs to live.
People use lungs. Dogs use lungs. Whales and dolphins are mammals too, and they use lungs. Even though whales live in water, they must come up to the surface to breathe air.
Why these body parts help mammals survive
Mammals need to stay warm, feed their young, and breathe air. Their body parts help them do these jobs.
	Hair or fur helps keep them warm.
	Milk helps babies grow.
	Lungs help them breathe.

These adaptations help mammals live in many places. Mammals can live in forests, deserts, farms, homes, and even the ocean.
Examples of mammals
	Dog
	Cat
	Cow
	Horse
	Bear
	Bat
	Whale
	Human

All of these animals are mammals because they have hair or fur, mother mammals make milk for babies, and they breathe with lungs.
Animals that are not mammals
Some animals are not mammals. Birds have feathers. Fish have gills. Reptiles have dry scales. These animals are not mammals because they do not have the same special mammal traits.
For example, a fish does not have fur. A bird does not make milk for its babies. A snake does not have hair.
Worked Example 1
Question: A kitten has fur. Its mother makes milk for it. Is the kitten a mammal?
Think: We look for mammal traits. Does it have fur? Yes. Does its mother make milk? Yes.
Answer: Yes. The kitten is a mammal.
Worked Example 2
Question: A fish lives in water. It has no fur and uses gills, not lungs. Is it a mammal?
Think: Mammals have hair or fur and breathe with lungs. This animal has no fur and no lungs.
Answer: No. A fish is not a mammal.
Worked Example 3
Question: A whale lives in the ocean. It breathes air with lungs and is fed milk by its mother when it is a baby. Is it a mammal?
Think: Mammals breathe with lungs and mother mammals make milk. A whale has these traits.
Answer: Yes. A whale is a mammal.
Worked Example 4
Question: A bird has feathers and lays eggs. It does not have fur. Is it a mammal?
Think: Mammals have hair or fur. Birds have feathers instead.
Answer: No. A bird is not a mammal.
Let’s remember the big clues
	Look for hair or fur.
	Remember that mother mammals make milk for babies.
	Check if the animal breathes air with lungs.

If an animal has these mammal traits, it is a mammal.
Brief Summary
Mammals are animals with special body adaptations. They have hair or fur, mother mammals make milk for their babies, and they breathe with lungs. These body parts help mammals stay warm, grow, and live in many places.


  
  Put what you read to the test

  You've worked through Mammalian Structural Adaptations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/2304
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  Innate and Learned Behaviors


Animals do many different things to stay alive. They find food, stay safe, care for babies, and find homes. These actions are called behaviors.


Some behaviors are things animals are born knowing how to do. Other behaviors are things animals learn by watching, trying, and practicing.


In this lesson, we will learn about two kinds of behavior: innate behaviors and learned behaviors.


What Is an Innate Behavior?


An innate behavior is a behavior an animal is born with. The animal does not need to be taught. It happens naturally.


You can think of innate behavior as a built-in action. Right from the start, the animal knows how to do it.



	A spider spins a web.

	A baby sea turtle moves toward the ocean after hatching.

	A bird builds a nest.

	A duckling can swim soon after it hatches.




These behaviors help animals survive. They help animals get food, stay safe, and care for their young.


What Is a Learned Behavior?


A learned behavior is a behavior an animal is not born knowing. The animal learns it from experience, practice, or by watching others.


Learned behaviors can get better over time. The more an animal practices, the better it may do.



	A puppy learns to sit when a person trains it.

	A young bird learns songs by hearing older birds.

	A bear learns where to find fish in a river.

	A monkey learns how to use a stick to get food.




How Are They Different?


The big difference is when and how the behavior starts.



	Innate behavior: born with it

	Learned behavior: taught or practiced




If an animal can do something without anyone showing it how, that behavior is probably innate.


If an animal has to watch, practice, or be trained, that behavior is probably learned.


Why Do Animals Need Both?


Animals need behaviors to survive in their habitats. Some behaviors must happen right away. For example, a baby animal may need to move, drink milk, or hide very quickly. Innate behaviors help with that.


Animals also live in changing places. They may need to learn where food is, which places are safe, or how to live near other animals. Learned behaviors help with that.


So, both kinds of behavior are important.


Examples of Innate Behaviors



	A kangaroo baby crawls into its mother's pouch.

	A porcupine raises its sharp quills when in danger.

	A beaver builds a dam.

	A deer runs when it hears a sudden scary sound.




These actions are not taught in the same way as a classroom lesson. They are natural actions that help the animal survive.


Examples of Learned Behaviors



	A cat learns that a can opener sound means food is coming.

	An elephant learns a path to water.

	A dolphin learns to follow signals from a trainer.

	A young lion learns hunting skills by watching adult lions.




These actions come from experience. The animal learns something new over time.


Worked Example 1


Question: A spider spins a web. Is this innate or learned?


Step 1: Ask, “Was the spider born knowing how to do this, or did someone teach it?”


Step 2: Spiders are born with this behavior.


Answer: This is an innate behavior.


Worked Example 2


Question: A dog learns to shake hands after many days of practice. Is this innate or learned?


Step 1: Ask, “Did the dog need practice or training?”


Step 2: Yes, the dog practiced and learned it.


Answer: This is a learned behavior.


Worked Example 3


Question: A baby turtle hatches from an egg and moves toward the sea. Is this innate or learned?


Step 1: Ask, “Did the baby turtle need to be taught?”


Step 2: No, it does this naturally.


Answer: This is an innate behavior.


Worked Example 4


Question: A young bird listens to older birds and learns a song. Is this innate or learned?


Step 1: Ask, “Did the bird learn by hearing others?”


Step 2: Yes, it learned by listening.


Answer: This is a learned behavior.


How to Figure It Out


When you are trying to decide if a behavior is innate or learned, ask these questions:



	Was the animal born knowing how to do it?

	Did the animal need to watch, practice, or be taught?

	Does the behavior help the animal survive?




If the answer to the first question is yes, it is probably innate.


If the answer to the second question is yes, it is probably learned.


Let’s Compare



	Bird building a nest: innate

	Dog learning a trick: learned

	Deer running from danger: innate

	Young lion learning to hunt: learned




Important Idea


Some animals use both innate and learned behaviors. For example, a young lion may be born with the instinct to chase, but it still learns better hunting skills by watching adult lions.


That means animal behavior can be a mix of what an animal is born with and what it learns later.


[image: 📋]   Summary


Behaviors are the things animals do.


Innate behaviors are actions animals are born knowing how to do. Learned behaviors are actions animals gain from practice, experience, or watching others.


Both kinds of behavior help animals live, grow, and survive in their world.


  
  Put what you read to the test

  You've worked through Innate and Learned Behaviors. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1373
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  Animal Social Structures


Animals live in different ways. Some animals live alone. Other animals live in groups.


How an animal lives with others is called its social structure. A social structure is the way animals are organized when they live alone or together.


Animals do not all choose the same way to live. Different ways of living help different animals find food, stay safe, care for babies, and survive.


1. Animals That Live Alone


Some animals are solitary. Solitary means they spend most of their time alone.


A solitary animal may hunt alone, sleep alone, and protect its own space. It may only come near other animals when it is time to mate or raise babies.


Living alone can help an animal in some ways:


  	It does not have to share as much food.

  	It can hide more easily.

  	It can move quietly when hunting.




Living alone can also be hard:


  	It has no group to help protect it.

  	It must find food by itself.

  	It must watch for danger by itself.




Examples of animals that often live alone are:


  	tigers

  	bears

  	leopards




2. Animals That Live in Groups


Some animals live together in groups. Group living can help animals work together.


Animals in groups may:


  	look for food together

  	protect one another

  	care for babies

  	warn each other about danger




But group living can also have problems:


  	Animals may need to share food.

  	Groups can be easier for predators to see.

  	Animals in a group may argue or compete.




3. Herds


A herd is a group of animals that stays together. Many plant-eating animals live in herds.


Zebras, deer, and elephants can live in herds. When many animals stay together, they can help keep each other safe.


If one animal sees danger, it may run or make a sound. Then the others know to move too. Many eyes and ears can help a herd notice danger faster.


Herds also help babies. Baby animals can stay close to many adults.


4. Packs


A pack is a group of animals that works together closely. Wolves are a common example of animals that live in packs.


Animals in a pack may hunt together. Working together can help them catch food that may be hard to catch alone.


Packs may also protect their group and their young. Each animal in the pack can help in some way.


5. Colonies


Some animals live in very organized groups called colonies. Ants, bees, and termites are examples.


In these groups, different animals do different jobs. Some gather food. Some protect the colony. Some care for eggs and babies.


These very organized colonies are called eusocial colonies. That means the animals work together in special ways and share jobs.


For example, in a bee colony:


  	some bees collect nectar

  	some bees guard the hive

  	some bees care for young bees




Because they work together, the whole colony can survive better.


6. Why Social Structures Matter


An animal's social structure helps it meet its needs. Needs include food, water, shelter, safety, and care for young.


No social structure is perfect for every animal. Living alone has benefits and costs. Living in groups also has benefits and costs.


Scientists study animal behavior to learn why one animal lives alone while another lives in a herd, pack, or colony.


Worked Example 1


Question: A tiger hunts by itself and spends most of its time alone. Is it solitary or does it live in a group?


Step 1: Think about what solitary means. Solitary animals spend most of their time alone.


Step 2: The tiger hunts by itself and lives alone most of the time.


Answer: The tiger is solitary.


Worked Example 2


Question: A group of zebras stays together. If one zebra sees a lion, the others run too. What is one benefit of living in a herd?


Step 1: Herds stay together in groups.


Step 2: One zebra notices danger.


Step 3: The other zebras learn about the danger quickly.


Answer: One benefit of living in a herd is staying safer from danger.


Worked Example 3


Question: Wolves work together to catch food. Is this more like a herd, a pack, or solitary living?


Step 1: Packs are groups that work closely together.


Step 2: The wolves are working together to catch food.


Answer: This is a pack.


Worked Example 4


Question: In an ant colony, some ants find food and some ants protect the nest. What does this tell us about ant social structure?


Step 1: Colonies can have different jobs for different animals.


Step 2: The ants are sharing jobs.


Answer: Ants live in a colony where animals work together and do different jobs.


Let’s Remember


  	Solitary animals live mostly alone.

  	Herds are groups that stay together for safety.

  	Packs work closely together, often to hunt or protect one another.

  	Colonies are organized groups where animals may have different jobs.

  	Both living alone and living in groups have benefits and costs.




Brief Summary


Animals have different social structures. Some live alone, and some live in groups like herds, packs, and colonies.


Living alone can mean less sharing, but less help. Living in a group can mean more protection and teamwork, but also more sharing and competition.


These social structures help animals survive in different ways.


  
  Put what you read to the test

  You've worked through Animal Social Structures. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1376






  
    
  [image: 📖]   Chapter 10

  Ecology and Ecosystem Dynamics
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  Biotic and Abiotic Factors


Everything in a habitat works together. A habitat is a place where plants and animals live. In a habitat, some things are living and some things are nonliving.


Scientists use two special words to talk about these things. Biotic means living or once living. Abiotic means nonliving and never alive.


When we learn about biotic and abiotic factors, we are learning about what makes up an ecosystem. An ecosystem is a place where living things and nonliving things interact, or work together.


What are biotic factors?


Biotic factors are the living parts of an ecosystem, or things that were once alive.



	plants

	animals

	trees

	grass

	flowers

	birds

	bugs

	mushrooms

	fallen leaves

	dead wood




A tree is biotic because it is alive. A bird is biotic because it is alive. A fallen leaf is also biotic because it was once part of a living plant.


What are abiotic factors?


Abiotic factors are the nonliving parts of an ecosystem. They were never alive.



	sunlight

	water

	air

	rocks

	soil

	temperature

	sand




Sunlight is abiotic because it is not alive. Water is abiotic because it is not alive. Rocks are abiotic because they were never alive.


Why are biotic and abiotic factors important?


Living things need nonliving things to survive. A plant needs sunlight, water, air, and soil. These are abiotic factors.


Animals need water and air too. Many animals also need plants or other animals for food. That means animals depend on both biotic and abiotic factors.


Biotic and abiotic factors work together every day. If one part changes, the ecosystem can change too.


For example, if there is not enough rain, plants may not grow well. Then animals may have less food or less shelter. One abiotic change can affect many biotic factors.


How can we tell the difference?


You can ask two simple questions:



	Is it living now?

	Was it once living?




If the answer is yes to either question, it is biotic.


If the answer is no to both questions, it is abiotic.


Examples in different habitats


Pond habitat


	Biotic: fish, frogs, ducks, water plants

	Abiotic: water, sunlight, mud, rocks




Forest habitat


	Biotic: trees, deer, birds, insects, mushrooms

	Abiotic: soil, rain, air, sunlight, temperature




Desert habitat


	Biotic: cactus, lizards, snakes, desert flowers

	Abiotic: sand, hot sunlight, little water, rocks




Worked Example 1: Easy sorting


Look at these things: rabbit, rock, grass, water.


Step 1: Find the living things or things that were once alive.


	rabbit = biotic

	grass = biotic




Step 2: Find the nonliving things that were never alive.


	rock = abiotic

	water = abiotic




Answer: Rabbit and grass are biotic. Rock and water are abiotic.


Worked Example 2: Was it once living?


Look at these things: fallen leaf, sun, stick, air.


Step 1: Ask, “Was it once living?”


	fallen leaf = yes, it came from a plant, so it is biotic

	stick = yes, it came from a tree, so it is biotic




Step 2: Ask, “Was it never alive?”


	sun = abiotic

	air = abiotic




Answer: Fallen leaf and stick are biotic. Sun and air are abiotic.


Worked Example 3: What does a plant need?


A flower is growing in a garden. What abiotic factors help it grow?



	sunlight

	water

	air

	soil




These are all nonliving things, so they are abiotic factors.


What biotic factors might be nearby?



	other flowers

	bees

	worms

	grass




Answer: The flower needs abiotic factors like sunlight and water. It also lives near biotic factors like bees and grass.


Worked Example 4: What happens when one factor changes?


In a pond, the water level gets very low.


Water is an abiotic factor. If there is less water, fish and frogs may have trouble living there.



	less water = abiotic change

	fish may have less space

	frogs may have trouble finding a good place to live

	plants in the pond may not grow well




Answer: A change in one abiotic factor, like water, can affect many biotic factors, like fish, frogs, and plants.


Let’s remember



	Biotic = living or once living

	Abiotic = nonliving and never alive

	Plants and animals need abiotic factors like water, air, and sunlight

	Ecosystems stay healthy when biotic and abiotic factors work together




Quick check


Try sorting these on your own:


	tree

	sand

	bird

	rain

	dead log

	sunlight




Answers:


	Biotic: tree, bird, dead log

	Abiotic: sand, rain, sunlight




[image: 📋]   Summary


Biotic factors are the living parts of an ecosystem, or things that were once alive. Abiotic factors are the nonliving parts, like water, sunlight, air, and rocks.


Living things depend on abiotic factors to live and grow. When biotic and abiotic factors work together, they make a healthy ecosystem.


  
  Put what you read to the test

  You've worked through Biotic and Abiotic Factors. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1379






  
    
  [image: 📖]   Chapter 11

  Human Anatomy and Physiology
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  Integumentary System is a big name for the body parts that cover and protect us. These parts are our skin, hair, and nails.
Your integumentary system is on the outside of your body, but it does many important jobs for the inside of your body too. It helps keep you safe, helps you feel things, and helps your body stay at a good temperature.
Let’s learn how the integumentary system works!
1. Skin protects your body
Your skin is the body’s largest covering. It wraps around your whole body like a coat.
Skin helps protect the softer parts inside your body, like muscles and organs. It helps keep out dirt and germs. It also helps stop too much water from leaving your body.
	Skin covers your body.
	Skin helps protect what is inside.
	Skin helps keep out germs.
	Skin helps keep water in your body.

If you fall down and scrape your knee, your skin was doing its job by covering your body. Even when skin gets a scratch, it still works hard to protect you.
2. Hair helps protect too
Hair is another part of the integumentary system. The hair on your head helps protect your scalp from too much sun. It can also help keep your head warm.
Tiny hairs in your nose help trap dust so less of it goes inside your body. Eyelashes help protect your eyes by helping keep out dust and small things.
	Hair on your head helps protect from sun.
	Hair can help keep you warm.
	Nose hairs help trap dust.
	Eyelashes help protect your eyes.

3. Nails protect fingertips and toes
Nails are hard coverings on the ends of your fingers and toes. They protect the tips of your fingers and toes.
Nails also help you do small jobs, like picking up a tiny object or scratching an itch gently.
	Nails protect fingers and toes.
	Nails help with small tasks.

4. Skin helps control body temperature
Your body needs to stay not too hot and not too cold. Skin helps with this.
When you get hot, your skin can make sweat. Sweat is wet. When sweat dries, it helps cool your body down.
When you are cold, your body tries to keep heat in. Hair and skin help a little with this too.
So the integumentary system helps your body stay comfortable and safe.
5. Skin helps you feel
Your skin has special parts that help you feel. They help you notice:
	hot
	cold
	pressure
	touch
	pain

This means your skin helps you know if something is soft, rough, warm, or sharp.
For example, if you touch something hot, your skin helps you feel it quickly so you can move your hand away. That helps protect your body.
6. Taking care of your integumentary system
We can help our skin, hair, and nails stay healthy.
	Wash your skin to help remove dirt and germs.
	Take baths or showers.
	Brush and wash your hair.
	Keep nails clean and trimmed.
	Wear sunscreen or protective clothing in strong sun.
	Do not bite your nails or pick at your skin.

Taking care of the outside of your body helps protect the inside of your body too.
Worked Example 1: What part is being used?
Question: Mia is outside on a sunny day. What part of the integumentary system helps protect her scalp from the sun?
Answer: Her hair.
Why: Hair on the head helps protect the scalp from too much sun.
Worked Example 2: What is the job?
Question: Ben touches an ice cube and says, “Brrr! That is cold!” What part of the integumentary system helped him know that?
Answer: His skin.
Why: Skin has special parts that help us feel things like cold and hot.
Worked Example 3: Choose the protection job
Question: Ava gets dust near her eyes. What helps protect her eyes?
Answer: Her eyelashes.
Why: Eyelashes help keep dust and tiny things out of the eyes.
Worked Example 4: Thinking about body temperature
Question: Leo runs and plays hard. Soon he starts to sweat. Why is sweating helpful?
Answer: Sweating helps cool his body down.
Why: Skin makes sweat when the body gets hot. As the sweat dries, it helps lower body heat.
Let’s remember the main parts and jobs.
	Skin protects the body, helps control temperature, and helps us feel.
	Hair helps protect the head, nose, and eyes.
	Nails protect the ends of fingers and toes.

Quick Check
	What are the 3 main parts of the integumentary system?
	How does skin help protect your body?
	How does skin help when you get too hot?
	What do eyelashes do?
	What do nails protect?

[image: 📋]   Summary
The integumentary system includes the skin, hair, and nails. These body parts protect you, help your body stay at a safe temperature, and help you feel the world around you.
Your skin keeps out germs, helps hold water in, makes sweat to cool you down, and helps you feel touch, heat, cold, and pain. Hair and nails also protect important parts of your body. Together, they help keep you healthy and safe every day.


  
  Put what you read to the test

  You've worked through Integumentary System. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1392






  [image: 📝]   Lesson 29: Neurobiology of Emotion and Stress Regulation

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/2365




  Our Feelings, Our Brain, and Our Calm Body


We all have feelings. We may feel happy, sad, scared, excited, or mad. Our brain helps us notice these feelings.


When we feel something big, our body can change too. Our heart may beat faster. Our breathing may get quick. Our tummy may feel funny. This is our body trying to help us.


Today we will learn that feelings can change our body, and that we can use simple ways to help our body feel calm again.


What is the brain doing?


The brain is the bossy helper of the body. It helps us think, move, feel, and stay safe.


When something feels scary or upsetting, the brain quickly tells the body, "Get ready!" Then the body may:



  	make the heart beat faster,

  	make breathing faster,

  	make muscles feel tight,

  	make hands feel shaky,

  	make the tummy feel strange.




These body changes are called a stress response. That means the body is getting ready to protect us.


Stress is not always bad. If a ball comes flying at you, your body helps you move fast. If you hear a loud noise, your body helps you pay attention. That is the brain and body working together.


What does emotion mean?


An emotion is a feeling. Feelings are important clues. They tell us what is happening inside us.



  	Happy may make us smile and feel light.

  	Sad may make us cry and want a hug.

  	Mad may make our face feel hot and our body stiff.

  	Scared may make our heart beat fast and our hands sweat.

  	Excited may make us jump and wiggle.




Feelings happen in the brain, but we can also feel them in the body. That is why we say the brain and body are a team.


Signs your body may feel stress


Sometimes stress feels big. Here are signs your body may need help calming down:



  	fast heartbeat

  	fast breathing

  	tight shoulders

  	clenched hands

  	a wiggly body

  	a tummy ache

  	feeling like crying or yelling




These signs do not mean you are bad. They mean your body is asking for help.


How can we help our brain and body calm down?


There are safe, smart ways to help our nervous system calm down. A nervous system is the body system that helps send messages from the brain to the body. You do not need to remember that big name. Just remember: your brain and body send messages to each other.


One of the best ways to help is slow, deep breathing.


When we breathe in slowly and breathe out slowly, we tell the body, "I am safe now." Then the heart can slow down, the muscles can relax, and the body can feel more calm.


Try balloon breathing



  	Sit or stand still.

  	Put a hand on your belly.

  	Breathe in through your nose slowly. Feel your belly get big like a balloon.

  	Breathe out slowly through your mouth. Feel your belly get smaller.

  	Do it again a few times.




You can count while you breathe:


Breathe in for 1,2,3.

Breathe out for 1,2,3.


Other ways to calm the body



  	Ask for help: Talk to a teacher, parent, or trusted grown-up.

  	Use words for feelings: Say, "I feel mad," or "I feel scared."

  	Take a quiet break: Sit in a calm spot for a moment.

  	Give yourself a hug: Wrap your arms around yourself and squeeze gently.

  	Relax your body: Unclench your hands. Drop your shoulders.

  	Think of something safe: A cozy bed, a favorite stuffed animal, or a loving grown-up.




Why naming a feeling helps


When you say your feeling out loud, it can help your brain understand what is happening.


You can say:



  	"I feel sad."

  	"I feel frustrated."

  	"I feel worried."

  	"I need a breath."




Using words can help you make a good choice instead of yelling, hitting, or running away.


Worked Example 1: The fast heartbeat


Situation: Mila hears a loud thunder clap. Her heart starts beating fast.


What is happening? Mila feels scared. Her brain told her body to get ready.


What can Mila do?



  	Put a hand on her belly.

  	Take a slow breath in.

  	Blow the breath out slowly.

  	Sit with a grown-up.




Answer: Her body had a stress response, and slow breathing can help her calm down.


Worked Example 2: The mad feeling


Situation: Jay is building with blocks. The tower falls down. Jay feels mad and squeezes his fists.


What signs show stress?



  	tight hands

  	mad feeling

  	wanting to yell




What can Jay do first?



  	Stop.

  	Take three slow breaths.

  	Say, "I feel mad."

  	Ask for help or try again.




Answer: Jay can notice his body signs and use calm breathing and feeling words.


Worked Example 3: The tummy ache before speaking


Situation: Ana has to speak in front of the class. Her tummy feels funny, and her breathing gets quick.


What is her body doing? Her brain thinks, "This is a big moment!" Her body is getting ready.


What can Ana do?



  	Breathe in slowly for 1,2,3.

  	Breathe out slowly for 1,2,3.

  	Tell herself, "I am okay."

  	Start when she feels ready.




Answer: A funny tummy and fast breathing can happen with big feelings, and calm breaths can help.


Worked Example 4: Choosing the best calm-down tool


Situation: Ben loses a game. He wants to cry and stomp.


Which choice helps his body calm down best?



  	Choice A: Yell at a friend.

  	Choice B: Take deep breaths and say, "I feel upset."

  	Choice C: Throw the game pieces.




Answer: Choice B is best. Deep breaths and feeling words help the brain and body calm down safely.


Things to remember



  	Feelings are real.

  	Feelings can change the body.

  	A fast heart or tight muscles can mean stress.

  	Slow breathing helps the body feel safe.

  	Using feeling words helps us make good choices.

  	Asking a grown-up for help is always smart.




Let’s practice together


Put your hand on your belly.

Breathe in slowly: 1,2,3.

Breathe out slowly: 1,2,3.

Say: "My brain and body can calm down."


[image: 📋]   Summary


Our brain helps us feel emotions like happy, sad, mad, and scared. Big feelings can make our body change, like a fast heartbeat, quick breathing, or a funny tummy. These changes are the body trying to help and protect us.


We can help our body calm down with slow, deep breaths, feeling words, quiet breaks, and help from trusted grown-ups. When we notice our feelings and body signs, we can take care of ourselves in a safe and healthy way.


  
  Put what you read to the test

  You've worked through Neurobiology of Emotion and Stress Regulation. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/2349






  
    
  [image: 📖]   Chapter 12

  Human Health, Nutrition, and Disease



  [image: 📝]   Lesson 30: Preventive Hygiene
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  Preventive Hygiene means doing healthy habits that help stop germs from making us sick.
Germs are tiny living things. Some germs are harmless, but some can spread disease. We cannot usually see germs with our eyes, but they can live on our hands, toys, desks, doorknobs, food, and even in our mouths.
Preventive hygiene helps keep germs from spreading from place to place. When we wash, brush, and keep things clean, we make it harder for germs to move to our bodies and to other people.
Why hygiene matters
Our bodies work hard to keep us healthy. But germs can get into our mouths, noses, eyes, or cuts on our skin. If too many harmful germs get in, we may get sick.
Good hygiene is like a shield. It helps protect our bodies before sickness starts. That is why it is called preventive hygiene. Preventive means we do something early to help stop a problem.
Main ways to practice preventive hygiene
	Wash your hands
	Brush your teeth
	Keep your body and clothes clean
	Cover coughs and sneezes
	Keep shared spaces clean

1. Wash your hands
Handwashing is one of the best ways to stop germs from spreading. Our hands touch many things all day. If germs get on our hands and then we touch our face or food, germs can enter our bodies.
You should wash your hands:
	Before eating
	Before touching food
	After using the bathroom
	After coughing, sneezing, or blowing your nose
	After playing outside
	After touching pets
	When your hands look dirty

How to wash hands well
	Wet your hands with water.
	Add soap.
	Rub your hands together.
	Scrub the fronts, backs, between fingers, and under nails.
	Rinse with water.
	Dry with a clean towel or air dry.

It helps to scrub for about 20 seconds. That gives the soap time to lift dirt and germs off your skin.
Soap is helpful because it loosens germs and dirt so water can wash them away. Rinsing with only water is better than nothing, but soap and water work best.
2. Brush your teeth
Your mouth can also collect germs. Tiny bits of food can stay on your teeth after you eat. Germs use this food to grow.
If teeth are not cleaned, they can get holes called cavities. Gums can also become sore. Brushing helps remove food and germs from teeth and gums.
Healthy dental habits include:
	Brushing teeth in the morning and before bed
	Using a toothbrush with toothpaste
	Brushing all sides of the teeth
	Rinsing your toothbrush and keeping it clean
	Visiting the dentist for checkups

Brushing does not just keep your smile bright. It helps protect your whole mouth from disease.
3. Keep your body and clothes clean
Bathing or showering washes away dirt, sweat, and germs from your skin. Wearing clean clothes also helps your body stay fresh and comfortable.
Clean skin is important, especially if you have a scrape or cut. A grown-up can help wash the area gently and cover it if needed. This helps harmful germs stay out.
4. Cover coughs and sneezes
When we cough or sneeze, tiny wet drops can come out of our mouths and noses. These drops can carry germs through the air or onto nearby surfaces.
To help stop spread:
	Cover your mouth and nose with a tissue when you cough or sneeze.
	If you do not have a tissue, cough or sneeze into your elbow.
	Throw tissues away after using them.
	Wash your hands afterward.

This helps protect people around you.
5. Keep shared spaces clean
Many people touch the same objects at home and school. Germs can stay on desks, handles, faucets, and toys.
Cleaning surfaces helps remove dirt and germs. This is why adults wipe tables, wash dishes, clean bathrooms, and sanitize some shared items.
You can help by:
	Putting trash in the bin
	Not leaving food out
	Keeping your desk area neat
	Using tissues properly
	Washing hands before and after shared activities

How germs spread
Germs can spread in simple ways:
	From unwashed hands to food
	From coughs and sneezes to the air or surfaces
	From one person to another by touch
	From dirty objects to clean hands

Preventive hygiene breaks this chain. If germs cannot move easily, fewer people get sick.
Worked Example 1: Before lunch
Mia comes in from recess. She played on the swings and picked up a ball from the ground. Now it is lunchtime.
Question: What should Mia do first?
Answer: Mia should wash her hands with soap and water before eating.
Why: Her hands may have picked up dirt and germs from outside. If she eats without washing, germs could get into her mouth.
Worked Example 2: A sneeze at school
Jayden feels a sneeze coming while sitting at his desk. He has no tissue.
Question: What should Jayden do?
Answer: He should sneeze into his elbow, not into his hands.
Then: He should wash his hands if needed and make sure his area stays clean.
Why: Sneezing into hands can put germs on everything he touches next, like pencils, books, and desks.
Worked Example 3: Bedtime choice
Sofia is sleepy. She wants to skip brushing her teeth before bed because she already brushed in the morning.
Question: Is skipping a good idea?
Answer: No. She should still brush before bed.
Why: Food and germs can stay on teeth after dinner and snacks. Brushing at night helps clean the teeth and protect them while she sleeps.
Worked Example 4: The shared toy
Two children are playing with the same toy. One child coughs into a hand and then grabs the toy. The other child wants to play next.
Question: What is the healthiest choice?
Answer: The toy should be cleaned if possible, and both children should wash their hands.
Why: Germs may have moved from the cough to the hand and then to the toy. Cleaning and handwashing help stop the germs from spreading.
Healthy hygiene habits to remember every day
	Wash hands often with soap and water.
	Brush teeth every morning and before bed.
	Bathe or shower regularly.
	Wear clean clothes.
	Cover coughs and sneezes.
	Throw away used tissues.
	Help keep home and school clean.

What preventive hygiene does
Preventive hygiene does not mean we will never get sick. But it greatly lowers the chance that germs will spread.
These small habits make a big difference. They protect you, your family, your classmates, and your teachers.
[image: 📋]   Summary
Preventive hygiene means doing healthy things to stop germs from spreading. Washing hands, brushing teeth, covering coughs and sneezes, and keeping our bodies and spaces clean all help prevent disease. When we practice these habits every day, we help ourselves and others stay healthy.


  
  Put what you read to the test

  You've worked through Preventive Hygiene. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1412






  
    
  [image: 📖]   Chapter 13

  Environmental Science and Resource Management
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  Renewable and Nonrenewable Resources


We use many things from Earth every day. We use water to drink, trees to make paper, and fuels to help cars move and homes stay warm. These things are called resources.


A resource is something people use. Some resources can be replaced by nature in a short time. Other resources take a very, very long time to form. It is important to learn the difference.


There are two big groups of resources:


  	Renewable resources

  	Nonrenewable resources




What does renewable mean?


Renewable means nature can make more of it again and again. These resources can come back in a short time if we use them wisely.


Some renewable resources are:


  	Sunlight

  	Wind

  	Water

  	Trees and plants




For example, the Sun shines each day. Wind keeps blowing. Rain helps fill rivers and lakes. Trees can grow back, but they need time and care.


What does nonrenewable mean?


Nonrenewable means there is only a limited amount, and nature takes much longer than a human lifetime to make more. When people use a lot of it, there is less left.


Some nonrenewable resources are:


  	Coal

  	Oil

  	Natural gas

  	Metals and rocks taken from deep in the ground




Coal, oil, and natural gas are fuels from Earth. They took a very long time to form underground. We cannot quickly make more of them.


How are they different?



  	Renewable resources can be replaced by nature in a shorter time.

  	Nonrenewable resources take so long to form that people must use them carefully.




Think about it this way:


  	If something can come back soon, it is renewable.

  	If it does not come back soon, it is nonrenewable.




Important note: Even renewable resources should not be wasted. Clean water can be renewed by nature, but we still need to protect it. Trees can grow back, but if too many are cut down and not replanted, forests can shrink.


Examples of renewable resources


Sunlight: Solar panels can use sunlight to make electricity. The Sun keeps shining, so sunlight is renewable.


Wind: Wind turbines can use moving air to make electricity. Wind is renewable because it keeps moving through nature.


Water: Flowing water can help make electricity. Rain and the water cycle help bring water back.


Trees: Trees give us wood and paper. Trees are renewable because new trees can grow. People can also plant more trees.


Examples of nonrenewable resources


Coal: Coal is burned to make energy. It comes from the ground and takes a very long time to form.


Oil: Oil is used to make gasoline and other products. Once oil is taken from the ground and used, it is gone.


Natural gas: Natural gas is another fuel from underground. Like coal and oil, it takes a very long time to form.


Metals: Metals such as iron are dug from Earth. There is only so much in one place, so people need to use them wisely and recycle when they can.


Why does this matter?


People need resources to live. We need energy, water, wood, and many other materials. If we waste resources, we may not have enough later.


Learning about resources helps us make smart choices. We can save water, turn off lights, recycle, and use less fuel when possible.


Ways to care for resources


  	Turn off lights when you leave a room.

  	Use only the water you need.

  	Recycle paper, cans, and bottles.

  	Use both sides of paper.

  	Plant trees and care for plants.

  	Walk, bike, or ride together when possible.




Worked Example 1


Question: Is sunlight renewable or nonrenewable?


Think: Does it come back again and again in nature?


Answer: Sunlight is renewable.


Why: The Sun shines every day, so nature keeps providing it.


Worked Example 2


Question: A car uses gasoline made from oil. Is oil renewable or nonrenewable?


Think: Can nature make more oil quickly?


Answer: Oil is nonrenewable.


Why: Oil takes a very long time to form underground.


Worked Example 3


Question: A class uses paper from trees. Are trees renewable or nonrenewable?


Think: Can more trees grow?


Answer: Trees are renewable.


Why: Trees can grow back, especially when people plant new ones and protect forests.


Worked Example 4


Question: Look at these resources: wind, coal, water, natural gas.

Which are renewable, and which are nonrenewable?


Step 1: Ask if each resource can be replaced by nature in a short time.


  	Wind [image: →] comes again and again

  	Coal [image: →] takes a very long time to form

  	Water [image: →] moves through the water cycle

  	Natural gas [image: →] takes a very long time to form




Step 2: Sort them.


  	Renewable: wind, water

  	Nonrenewable: coal, natural gas




Helpful clue words


  	Renewable: can grow back, can be replaced, comes again

  	Nonrenewable: limited, used up, takes a very long time to form




Let’s remember


Renewable resources are things nature can replace in a shorter time, like sunlight, wind, water, and trees. Nonrenewable resources are things that take much longer to form, like coal, oil, and natural gas.


When we know the difference, we can make better choices. We can protect Earth by using resources carefully and not wasting them.


  
  Put what you read to the test

  You've worked through Renewable and Nonrenewable Resources. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1415






  
    
  [image: 📖]   Chapter 14

  Engineering Design and Technological Innovation
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  The Engineering Design Process is a smart way people solve problems and make helpful things.
Engineers are people who design, build, and improve things. They might make bridges, toys, tools, machines, or ways to clean water. Engineers do not usually get the perfect idea on the first try. They follow steps to help them think carefully.
These steps are called the Engineering Design Process. It is a plan for solving a problem.
Let’s learn the steps!
	Ask: What is the problem?
	Learn: What do we know about the problem?
	Imagine: What are some ideas?
	Plan: Which idea will we try?
	Create: Build a model or first version.
	Test: See how well it works.
	Improve: Make it better and try again.

1. Ask: What is the problem?
Every engineering job starts with a problem to solve. A problem is something that needs help.
For example, maybe your class needs a paper bridge that can hold toy cars. The problem is: How can we make a bridge strong enough?
When engineers ask about the problem, they also think about the goal. The goal is what they want the design to do.
	Problem: The bridge might break.
	Goal: Build a bridge that holds toy cars.

2. Learn: What do we know?
Next, engineers learn more. They look at what materials they have. They think about what has worked before. They ask questions and observe carefully.
For a paper bridge, they may learn that folded paper is stronger than flat paper. They may also notice that a wider bridge can help support weight.
This step is important because learning helps engineers make better choices.
3. Imagine: What are some ideas?
Now engineers think of many possible solutions. They do not stop at one idea. They brainstorm, which means sharing lots of ideas.
When imagining, it is okay if some ideas do not work. The goal is to think freely and creatively.
	Could the bridge be folded?
	Could it use rolled paper tubes?
	Could it have two supports instead of one?

4. Plan: Which idea will we try?
After thinking of ideas, engineers choose one and make a plan. A plan tells what they will build and what materials they will use.
A simple plan can be a drawing with labels. It can also be a short list of steps.
For the bridge plan, a student might draw a folded paper bridge with tape at the sides.
5. Create: Build it
Next, engineers build their idea. The first model is often called a prototype. A prototype is a first try.
A prototype does not have to be perfect. It is made so we can learn from it.
If students build a paper bridge, they might use paper, tape, and books to hold the ends.
6. Test: See how it works
Now it is time to test the design. Testing means trying it out to see what happens.
Engineers watch carefully during testing. They ask:
	Did it work?
	What worked well?
	What did not work well?

For a bridge, students might place toy cars on top one at a time. They can count how many cars the bridge holds before it bends too much.
If a bridge holds 3 cars, we can write that as 3 cars. If another bridge holds 5 cars, then 5>3, so the second bridge held more cars.
7. Improve: Make it better
This step is very important. Engineers almost always change something after testing. They improve the design to make it work better.
Maybe the bridge needs more support. Maybe it needs thicker folds. Maybe the sides need tape.
Then engineers test again. This means the process can happen more than one time.
The Engineering Design Process is a cycle. Engineers can go back and try again.
It is okay if the first design does not work. That is part of learning.
Why is this process helpful?
The Engineering Design Process helps people solve human problems. Human problems are problems people have in daily life.
	How can we carry heavy things more easily?
	How can we stay dry in the rain?
	How can we make a playground safer?

Engineers use science ideas to help solve these problems. They observe, test materials, and learn what works best.
Technology and engineering
Technology is anything people make to solve a problem or make life easier. Technology is not only computers.
Technology can be:
	a pencil
	a backpack zipper
	a bike helmet
	a spoon
	a flashlight

Many kinds of technology were made by using the Engineering Design Process.
Worked Example 1: A Boat for a Toy Animal
Problem: A toy animal needs to float across water in a tub.
Ask: How can we make a small boat that floats?
Learn: We know some materials float better than others. We know wide shapes can help balance.
Imagine: We think of 3 ideas: a foil boat, a sponge raft, or a paper boat.
Plan: We choose the foil boat and draw it.
Create: We shape the foil into a little boat.
Test: We place the toy animal inside. If it tips over, it did not work well.
Improve: We make the bottom wider and test again.
This example shows that changing the design can help it work better.
Worked Example 2: A Tall Tower
Problem: Build a tower from straws and tape that stands tall.
Ask: How can we make a tower that does not fall?
Learn: We notice that a wide bottom can make things steadier.
Imagine: We think of a square tower, a triangle tower, and a tower with crossed supports.
Plan: We choose the tower with a wide bottom and crossed supports.
Create: We build the tower.
Test: We gently blow air near it or tap the table softly to see if it stays up.
Improve: If it falls, we add stronger supports near the bottom.
If one tower stands for 2 minutes and another stands for 4 minutes, then 4>2. The second tower stayed up longer.
Worked Example 3: A Better Bookmark
Problem: A bookmark keeps slipping out of a book.
Ask: How can we make a bookmark that stays in place?
Learn: We notice that smooth paper slips easily. A paper clip can help hold things.
Imagine: We think of adding a paper clip, folding the top, or using thicker paper.
Plan: We choose a bookmark with a folded top and a paper clip.
Create: We make the bookmark.
Test: We place it in a book and open and close the book 3 times.
Improve: If it still slips, we make the fold tighter or use a bigger clip.
This example shows engineering can solve small everyday problems too.
What good engineers do
	They ask questions.
	They look closely.
	They try more than one idea.
	They do not give up when something fails.
	They improve their work.

Remember: failing on a first try does not mean you did a bad job. It gives you information. That information helps you make a better design.
Easy way to remember the process
	Ask
	Learn
	Imagine
	Plan
	Create
	Test
	Improve

You can use these steps at school, at home, and during science activities.
Brief Summary
The Engineering Design Process is a step-by-step way to solve problems. Engineers ask what the problem is, learn more, think of ideas, make a plan, build, test, and improve. The steps can repeat many times. This process helps people create technology and make life better.


  
  Put what you read to the test

  You've worked through The Engineering Design Process. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1427
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  Defining Engineering and Technology


Have you ever used a pencil, sat in a chair, or zipped your coat? People made all of those things to help solve problems. In science, we learn about two big ideas called engineering and technology.


Engineering is when people think, plan, make, and improve things to solve problems.


Technology is any tool made by people to help do a job. Technology is not only phones and computers. A spoon is technology. A crayon is technology. A bike is technology too.


This means engineering is the work of solving problems by making things, and technology is the tool or thing that people make.


Let’s learn more about each one.


What Is Engineering?


Engineers are people who solve problems. They use what they know about the world to make helpful things.


Engineering often has steps like these:



  	Notice a problem — Something is hard to do.

  	Think of an idea — What could help?

  	Make it — Build the idea.

  	Try it — See if it works.

  	Make it better — Fix it or change it.




For example, if it is hard to carry books, a person might design a backpack. That is engineering. The backpack is made to solve a problem.


What Is Technology?


Technology is anything people make to help with a task or problem.


Some kinds of technology are very simple. Some are big. Some use electricity, and some do not.



  	A cup helps hold a drink.

  	A broom helps clean the floor.

  	A helmet helps protect your head.

  	A flashlight helps you see in the dark.




All of these are technology because people made them to help.


Engineering and Technology Work Together


Engineering and technology are connected.


Engineering is the process of solving a problem.


Technology is the tool or object that is made.


Think about a bridge. People may need a safe way to cross water. Engineers plan and build a bridge. The bridge is a kind of technology.


Think about scissors. People may need a way to cut paper easily. Someone designed and made scissors. That design work is engineering. The scissors are technology.


Technology Is Not Just Electronics


Sometimes people hear the word “technology” and think only about tablets, TVs, or computers. But technology is much bigger than that.


If a person made it to help do something, it can be technology.



  	Paper clips

  	Shoes

  	Toothbrushes

  	Rulers

  	Wagons




These are all technology because they are human-made tools.


How Engineering Helps People


Engineering helps people every day. It can help us:



  	stay safe

  	move from place to place

  	build homes and schools

  	carry things

  	cook food

  	clean things




When a tool does not work well, engineers can change it to make it better. That is called improving.


For example, an umbrella helps keep people dry. If it breaks too easily, someone can redesign it to make it stronger. That is engineering improving technology.


Look for the Problem and the Tool


A good way to understand engineering and technology is to ask two questions:



  	What is the problem?

  	What tool helps solve it?




Example:


  	Problem: It is dark.

  	Tool: A lamp or flashlight.




The person who planned and made the lamp used engineering. The lamp is technology.


Worked Example 1


Question: Mia wants to eat soup without spilling. She uses a spoon. Is the spoon technology?


Step 1: Ask, “Was it made by people?” Yes.


Step 2: Ask, “Does it help do a job?” Yes. It helps carry soup to your mouth.


Answer: Yes, a spoon is technology.


Worked Example 2


Question: Ben sees that toys keep rolling under the bed. He puts a box under the bed edge to stop them. Is this engineering?


Step 1: What is the problem? Toys roll under the bed.


Step 2: Did Ben think of a way to solve the problem? Yes.


Step 3: Did he use or make something to help? Yes, he used a box as a tool.


Answer: Yes, this is engineering thinking because Ben solved a problem with an idea.


The box is being used as technology because it helps do a job.


Worked Example 3


Question: Which one is technology: a tree or a chair?


Step 1: Was a tree made by people? No.


Step 2: Was a chair made by people? Yes.


Step 3: Does the chair help solve a problem? Yes. It gives a place to sit.


Answer: The chair is technology. The tree is not technology because people did not make it.


Worked Example 4


Question: A class wants to water a plant, but the water spills. The teacher gives them a watering can. What is the engineering idea, and what is the technology?


Step 1: Find the problem. The water spills.


Step 2: Find the helpful idea. Use a tool that pours better.


Step 3: Name the tool. The watering can.


Answer: The engineering idea is solving the spilling problem by choosing a better way to pour. The technology is the watering can.


Things to Remember



  	Engineering means solving problems by thinking, planning, making, and improving.

  	Technology means tools made by people to help do jobs.

  	Technology is not just computers and phones.

  	Simple tools, like crayons and cups, are technology too.

  	Engineers make and improve technology.




Let’s Practice Thinking


If you see an object, ask:


  	Did a person make it?

  	Does it help solve a problem or do a job?




If the answer is yes, it is probably technology.


If someone had to think of a way to make it work well, that is engineering.


[image: 📋]   Summary


Engineering is the work of solving problems by planning, making, and improving things. Technology is any tool made by people to help with a job. A backpack, spoon, chair, and flashlight are all technology. Engineers help create and improve these tools so life can be easier, safer, and better.


  
  Put what you read to the test

  You've worked through Defining Engineering and Technology. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/2350






  [image: 📝]   Lesson 34: Problem Definition and Constraints
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  Problem Definition and Constraints


Engineers are people who solve problems by making things. They might build a bridge, invent a tool, or make a toy work better.


Before engineers start building, they need to understand the problem. They also need to think about the rules and limits for the job. These limits are called constraints.


In this lesson, you will learn how to tell what problem needs to be solved, what makes a design successful, and what limits must be followed.


1. What is a problem definition?


A problem definition is a clear way to say what needs to be fixed or made. It tells us what the design should do.


A good problem definition answers questions like these:


  	What is the problem?

  	Who needs help?

  	What should the solution do?




For example, if crayons keep rolling off a desk, the problem definition could be: We need to make something that holds crayons so they do not roll away.


This sentence tells us the problem and what the design should do.


2. What are criteria?


Criteria are the things a design must do to be successful. Criteria help us know if a solution works.


If we are making a crayon holder, the criteria might be:


  	It holds crayons.

  	It keeps crayons from rolling away.

  	It is easy to use.




Criteria are like a checklist. If the design meets the checklist, it is doing its job.


3. What are constraints?


Constraints are the limits we must work with. Engineers cannot always use anything they want. Sometimes they have only a little time, a little money, or only certain materials.


Common constraints are:


  	Time — How long do we have?

  	Budget — How much money can we spend?

  	Materials — What things can we use?




For the crayon holder, the constraints might be:


  	We have 20 minutes to build it.

  	We can use only paper, tape, and scissors.

  	We can spend only a little money.




Constraints do not stop engineers. Constraints help engineers think carefully and make smart choices.


4. Why do problem definition, criteria, and constraints matter?


If we do not know the problem, we might build the wrong thing.


If we do not know the criteria, we will not know what success looks like.


If we do not know the constraints, we might plan something we cannot finish.


That is why engineers think first and build second.


5. How to define a problem


You can follow these simple steps:


  	Look at the need.

  	Say what needs to be solved.

  	Decide what the design must do.

  	List the limits.




Let us look at each step.


Step 1: Look at the need.

Ask: What is going wrong? What could be better?


Step 2: Say what needs to be solved.

Use a clear sentence. Keep it simple.


Step 3: Decide what the design must do.

These are the criteria.


Step 4: List the limits.

These are the constraints.


6. Worked Example 1: A bookmark for a reader


Problem: A student loses their place in a book.


Problem definition: We need to make a bookmark that helps a student keep their place in a book.


Criteria:


  	It fits inside a book.

  	It marks the page.

  	It is easy to move from page to page.




Constraints:


  	Use only paper and crayons.

  	Make it in 10 minutes.

  	Spend no extra money.




Why this works: We know what the bookmark must do, and we know the limits for making it.


7. Worked Example 2: A cup tower challenge


Problem: We want to build a tall tower for a class challenge.


Problem definition: We need to build a tower that stands up on its own.


Criteria:


  	It stands without falling.

  	It is as tall as possible.

  	It stays standing for at least 1 minute.




Constraints:


  	Use only 10 cups.

  	Build in 15 minutes.

  	Do not use tape or glue.




Why this works: The tower must be tall and strong, but we have limits on time and materials.


8. Worked Example 3: Helping a toy car cross a gap


Problem: A toy car needs to cross a small gap between two books.


Problem definition: We need to make a bridge so a toy car can cross the gap.


Criteria:


  	The bridge reaches from one book to the other.

  	The toy car can roll across it.

  	The bridge does not fall while the car crosses.




Constraints:


  	Use only straws, paper, and tape.

  	Build in 20 minutes.

  	Use only 5 pieces of tape.




Why this works: The bridge must help the car cross, but we must be careful with the materials and time.


9. Comparing criteria and constraints


It is important to know the difference.



  	Criteria tell what the design should do.

  	Constraints tell the limits for making it.




Here is a simple way to think about it:


  	Criteria: “It must work.”

  	Constraints: “I must build it with these limits.”




10. A quick check


Read this situation:

A plant keeps tipping over. A student wants to make a plant holder.


What is the problem definition?

Answer: We need to make a plant holder that keeps the plant standing up.


What are some criteria?


  	It holds the plant.

  	It keeps the plant from tipping over.

  	It is safe to use.




What are some constraints?


  	Use only cardboard and tape.

  	Finish in 15 minutes.

  	Use only a small amount of tape.




11. Using numbers in design


Sometimes engineers use numbers to describe limits.


For example, if you have 6 straws and use 4 straws, you have:

6−4=2


So, 2 straws are left.


If you can use 8 paper clips, that number is part of the constraint.


Numbers help us keep track of time, money, and materials.


12. Tips for students


  	Say the problem clearly.

  	Make a short checklist of what the design must do.

  	Write down the limits before building.

  	Check your design to see if it meets the criteria.

  	Make changes if it does not work yet.




[image: 📋]   Summary


When engineers solve problems, they start by defining the problem. Then they decide on the criteria, which tell what the design must do.


They also think about constraints, which are limits like time, budget, and materials. When we understand the problem, the criteria, and the constraints, we can make better designs.


  
  Put what you read to the test

  You've worked through Problem Definition and Constraints. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1428






  [image: 📝]   Lesson 35: Brainstorming and Divergent Ideation
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  Brainstorming means thinking of many ideas. When we brainstorm, we do not stop at just one idea. We try to think of lots of ways to solve a problem.
Divergent ideation is a big way of saying, “Let your ideas spread out.” It means we think of ideas that are different from each other. Some ideas may be simple. Some may be silly. Some may be new. That is okay at the start.
In science and engineering, people solve problems. They design and build things to help people. Before they choose one plan, they first think of many possible plans. This helps them find a strong idea.
Let’s learn how to brainstorm.
Why do we brainstorm?
	It gives us many choices.
	It helps us find new ideas.
	It helps us solve problems in different ways.
	It helps teams work together.

If we only think of one idea, that idea may not work well. If we think of many ideas, we can pick one that works best.
How to brainstorm
	Name the problem.
A problem is something we want to fix or make better.
	Think of many ideas.
Say or draw as many ideas as you can.
	Do not say “no” too fast.
At first, we let ideas come out. We do not worry if every idea is perfect.
	Pick ideas to try.
After brainstorming, we can choose ideas that are safe and helpful.

Brainstorming rules
	Think of many ideas.
	Listen to others.
	Be kind.
	It is okay if an idea is unusual.
	Draw or say your ideas.

When we brainstorm, we are not building yet. We are idea makers first. Later, we become builders and testers.
What does “different ideas” mean?
Different ideas are not all the same. If the problem is “How can we carry books?” one child might say:
	a backpack
	a wagon
	a basket
	a box with handles

These ideas are different from each other. That is good brainstorming.
Worked Example 1: A plant needs water
Problem: A class plant needs water when no one is at school.
Let’s brainstorm many ideas:
	Ask a teacher to water it.
	Put water in a cup under the plant.
	Use a bottle with a tiny hole.
	Take the plant home for the weekend.

These are good brainstorming ideas because there is more than one idea. The ideas are different.
What happens next? After brainstorming, we ask, “Which idea can we really try?” We choose one that is safe and works well.
Worked Example 2: A toy box is too heavy
Problem: A toy box is hard to move.
Brainstorm ideas:
	Make the box smaller.
	Put wheels on it.
	Add handles.
	Carry fewer toys at one time.

Now we can think: Which idea seems helpful? Wheels might help the box roll. Handles might help us hold it. A smaller box might make it lighter.
We do not need to know the best answer right away. First, we gather ideas.
Brainstorming with math thinking
Sometimes we can count our ideas. Counting helps us see if we thought of many ideas.
If we thought of 4 ideas, we can write:
2+2=4
That means we had 2 ideas, then 2 more ideas, for a total of 4 ideas.
The goal is not just to count. The goal is to think of many different ideas.
Worked Example 3: Build shade for a playground toy
Problem: A playground toy gets hot in the sun.
Let’s brainstorm:
	Put a cloth over it.
	Build a roof above it.
	Move it under a tree.
	Use a big umbrella.

These ideas are different. Some are easy. Some may be harder. That is okay during brainstorming.
Now we can ask simple questions:
	Is it safe?
	Can we make it?
	Will it give shade?

These questions help us choose an idea after brainstorming.
Worked Example 4: Keep papers from blowing away
Problem: Papers blow away outside.
Brainstorm ideas:
	Use clips.
	Put the papers in a folder.
	Use a heavier board under them.
	Move inside.

Let’s think about the ideas:
	Use clips keeps papers together.
	Use a folder covers the papers.
	Use a heavier board helps hold them down.
	Move inside avoids the wind.

All of these are possible ideas. Brainstorming helped us find many ways to solve one problem.
What brainstorming is not
	It is not picking only one idea right away.
	It is not laughing at someone’s idea.
	It is not stopping after one answer.

What good brainstormers do
	They think freely.
	They share kindly.
	They listen carefully.
	They try to think of more than one way.

When you brainstorm, your brain is like a flashlight shining in many places. You look for lots of answers, not just one. Then you can choose a smart idea to test.
Let’s practice
Problem: Your class wants to keep crayons neat.
You might brainstorm:
	Put crayons in cups.
	Sort them by color.
	Use a box with spaces.
	Label the crayon bins.

That is brainstorming because there are many ideas. The ideas are not all the same.
[image: 📋]   Summary
Brainstorming means thinking of many ideas for a problem. Divergent ideation means letting ideas spread out in different directions. In engineering, we brainstorm first, then choose an idea that is safe and useful. Thinking of many different ideas helps us solve problems better.


  
  Put what you read to the test

  You've worked through Brainstorming and Divergent Ideation. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/2353
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  Prototyping means making a first model of an idea.
In science and engineering, people do not always build the final thing right away. First, they make a prototype. A prototype is a simple model that helps them see how their idea might work.
A prototype can be made from easy materials like paper, cardboard, tape, clay, straws, or blocks. It does not have to be perfect. Its job is to help us try out an idea.
Engineers use prototypes because they want to solve problems. A prototype helps them look closely, ask questions, and make changes before building the real thing.
Why do we make prototypes?
	To see our idea.
	To test if it works.
	To find problems.
	To make the design better.
	To save time and materials.

Think about building a bird feeder. Before making a big wooden feeder, you might build a small one from cardboard. That small model is a prototype. It helps you decide where the hole should go, where the food will sit, and how the feeder will hang.
A prototype is not always the final product. It is often smaller, simpler, or made from different materials. That is okay. It still helps us learn.
Sometimes a prototype is a scaled model. That means it is bigger or smaller than the real thing, but it keeps the same basic shape.
Sometimes a prototype is a simplified model. That means it shows the main idea, but leaves out small details.
For example, if a class wants to design a new playground slide, they might make a small slide from cardboard and tape. The prototype is much smaller than a real slide, but it shows the shape and how a toy figure might move down it.
How do engineers use prototypes?
	Think of a problem.
	Imagine a solution.
	Build a prototype.
	Test the prototype.
	Notice what works and what does not work.
	Improve the design.
	Test again if needed.

This is called a process because engineers repeat the steps. They often build, test, and improve more than one time.
Testing a prototype means trying it out in a careful way. We ask questions like:
	Does it do the job?
	Is it strong enough?
	Is it easy to use?
	What should we change?

When we test, we learn new things. Sometimes the prototype works well. Sometimes it does not. Both are helpful, because both teach us what to do next.
Worked Example 1: A paper chair for a toy
Problem: A toy needs a chair.
Prototype: Make a small chair from folded paper.
Test: Put the toy on the chair.
What happened? The chair bent and fell down.
Improve: Add another layer of paper or use cardboard.
This prototype helped us learn that the first chair was not strong enough. Now we know how to make it better.
Worked Example 2: A bridge for a toy car
Problem: Build a bridge so a toy car can cross a gap.
Prototype: Use craft sticks and tape to make a small bridge.
Test: Roll the toy car across it.
What happened? The bridge held one car, but shook a lot.
Improve: Add more sticks under the bridge to make it stronger.
The first prototype showed that the bridge could work, but it needed support. Testing helped improve the design.
Worked Example 3: A rain hat for a stuffed animal
Problem: Keep a stuffed animal dry in pretend rain.
Prototype: Make a small hat from paper.
Test: Sprinkle a little water above it.
What happened? The paper got soggy.
Improve: Try plastic wrap or another material that keeps water out.
This prototype helped us learn that the shape was fine, but the material needed to change.
What can we learn from a prototype?
	If the size seems right.
	If the shape works.
	If the materials are a good choice.
	If the design is strong, safe, or useful.
	What changes we should make next.

Prototypes are helpful because they let us learn before making the final design. This means we can fix mistakes early.
Important things to remember about prototypes:
	A prototype is a model of an idea.
	It can be small or simple.
	It is made for testing and learning.
	It helps engineers improve designs.
	It does not have to be perfect.

Let’s compare a prototype and a final product.
	Prototype: simple, used for testing, may be small, may use easy materials.
	Final product: finished, ready to use, stronger, and has the final details.

Here is an easy way to think about it: a prototype is like a practice version. Just like students practice before a game or concert, engineers practice with prototypes before making the real thing.
Try thinking about these questions:
	If your paper airplane does not fly far, what could you change?
	If your block tower falls, how could a prototype help you build a better one?
	If your toy boat tips over, what should you test next?

These questions show that prototyping is all about trying, learning, and improving.
Mini Activity Idea
Imagine you need to make a small basket to carry 3 cotton balls.
	Build a prototype from paper or tape.
	Test it by placing 3 cotton balls inside.
	See if it holds them.
	If it tears or tips, change the design.
	Test again.

By doing this, you are acting like an engineer.
[image: 📋]   Summary
Prototyping is an important part of engineering. A prototype is a first model that helps us see and test an idea.
Prototypes can be scaled or simplified. They help us find problems, make changes, and improve our designs.
Engineers build prototypes so they can learn before making the final product. That is why prototyping is a smart and useful step in solving problems.


  
  Put what you read to the test

  You've worked through Prototyping. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1431
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  Iteration and Optimization are big engineering ideas.
But we can think of them in a simple way.
Iteration means trying again and making changes.
Optimization means making something work better and better.
Engineers do not always get the best answer on the first try. They build, test, learn, and improve. That is a smart part of science and engineering.
Sometimes a design does not work the way we hoped. That is called a failure. In engineering, failure is not the end. It gives us information. It tells us what to change next time.
For example, if a paper bridge bends too much, an engineer might make it thicker or fold the paper to make it stronger. If a toy car rolls too slowly, an engineer might change the wheels or make the car lighter.
When engineers test something, they look closely at what happens. This is called using test data. Test data can be things we measure or notice, like:
	How far something goes
	How long something lasts
	How strong something is
	Whether it stayed dry, stood up, or moved well

Then engineers ask, What worked? What did not work? What should we change?
This is the engineering cycle in a simple way:
	Ask what problem needs to be solved.
	Imagine ideas.
	Build one design.
	Test it.
	Improve it by making changes.
	Test again.

These steps may happen many times. That is iteration.
Each time we improve the design, we are working on optimization.
Why is failure helpful?
If something breaks, falls, leaks, or does not move well, we learn something important. We learn what needs to change.
A failed test can help us make a better design next time.
Good engineers do not give up after one test. They keep learning and improving.
Main ideas to remember
	It is okay if the first design does not work.
	Tests help us learn.
	Data helps us decide what to change.
	Small changes can make a big difference.
	Better designs often come after many tries.

Worked Example 1: Making a Paper Airplane Fly Farther
Problem: Mia wants a paper airplane to fly far.
First design: She makes a plane and throws it. It flies 3 steps.
Test data: The plane went 3 steps.
Mia notices the front is floppy. She thinks, “Maybe I should fold the front more tightly.”
Second design: She changes the folds and throws it again. Now it flies 5 steps.
Test data: The plane went 5 steps.
We can compare the two tries:
First try: 3 steps
Second try: 5 steps
Since 5>3 the second design worked better.
Mia used iteration because she tried again with a change. She used optimization because she made the plane better.
Worked Example 2: Building a Taller Block Tower
Problem: Jay wants to build a block tower that stays standing.
First design: He makes a tall skinny tower. It falls down.
Test data: The tower did not stay up.
Jay notices the bottom is too narrow. He decides to make the base wider.
Second design: He uses more blocks on the bottom and fewer on the top.
Test result: The tower stays up.
Jay learned from failure. The first tower falling gave him useful information. He improved the design by changing the base.
Worked Example 3: A Cup That Keeps Water From Leaking
Problem: Sara is making a small cup from paper and tape.
First design: She pours in water. The cup leaks after 1 minute.
Test data: Leak after 1 minute.
She looks closely and sees a gap in the tape.
Second design: She adds more tape over the gap. Now it leaks after 4 minutes.
Test data: Leak after 4 minutes.
We can compare:
First try: 1 minute
Second try: 4 minutes
Since 4>1 the second cup worked better.
Sara used test data to improve her design.
Worked Example 4: Making a Toy Car Go Faster
Problem: Luis wants a toy car to roll farther down a ramp.
First design: His car rolls 2 floor tiles.
Test data: 2 tiles.
Luis notices the car is heavy because he added too many blocks on top.
Second design: He takes off 2 blocks and tests again. Now the car rolls 6 floor tiles.
Test data: 6 tiles.
We can compare the distance:
6−2=4
The car rolled 4 more tiles on the second try.
This shows that changing one part of a design can improve how it works.
How to use iteration and optimization in class
	Pick a problem, like building a strong bridge from paper.
	Make one design.
	Test it in one careful way.
	Watch what happens.
	Write down or talk about the data.
	Change one thing.
	Test again.
	See if it works better.

Changing one thing at a time is helpful. Then you know which change made the design better or worse.
For example, if you change the shape and the size at the same time, it is hard to know which change helped. But if you change only the shape, the test is clearer.
Technology and people
Many things we use every day were improved over time. Bikes, shoes, lunch boxes, pencils, and phones all got better because people tested ideas and made changes.
Engineers help solve human problems. They might design safer helmets, stronger bridges, or better ways to carry water. Their first idea is not always the final idea.
Each test helps them learn how to make technology more useful for people.
Questions engineers ask
	Did it work?
	What happened when we tested it?
	What part was strong?
	What part needs improvement?
	What should we change next?

Let’s remember
Iteration means trying again and making changes.
Optimization means making a design work better.
Failure is not bad in engineering. It helps us learn.
Test data helps us make smart changes.
When we build, test, improve, and test again, we are thinking like engineers.


  
  Put what you read to the test

  You've worked through Iteration and Optimization. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1433
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  Biomimicry is a big word that means copying ideas from nature to solve problems.
People called engineers make things to help people. Sometimes engineers look at plants and animals for smart ideas. Nature has had a very long time to solve problems, so it is full of helpful designs.
When engineers use an idea from nature to make something new, that is called biomimicry.
Let’s break the word apart:
	Bio means life or living things.
	Mimicry means copying.

So biomimicry means copying living things to help us design useful tools, machines, and materials.
Why do engineers use biomimicry?
	Nature gives us smart ideas.
	Plants and animals have body parts and behaviors that help them live.
	These ideas can help people solve problems.
	Biomimicry can help us make things safer, stronger, and better.

How does biomimicry work?
	First, notice a problem.
	Next, look in nature for a plant or animal that solves a similar problem.
	Then, study what it does.
	Finally, design something that uses that idea.

Engineers do not copy the whole animal or plant. They copy the useful idea.
For example, a bird has wings. Engineers do not turn people into birds. Instead, they study how wings help birds move through the air, and that can help people design flying machines.
Nature is full of amazing solutions.
A duck’s feathers help keep water off its body. A turtle’s shell protects it. A spider makes strong webs. A burr sticks to animal fur. A gecko can climb walls because of its special feet.
These natural ideas can inspire inventions.
Example ideas from nature
	Birds and airplanes: Engineers studied birds to learn about flying.
	Burrs and Velcro: Burrs stick to fur and clothes, which gave people the idea for Velcro.
	Geckos and sticky tools: Gecko feet inspired tools that can grip surfaces.
	Lotus leaves and clean surfaces: Some leaves let water roll off and carry dirt away. This inspired surfaces that stay cleaner.

Worked Example 1: A simple nature match
Problem: A hiker wants shoes that grip the ground and do not slip easily.
Look at nature: A mountain goat can walk on rocky ground.
Nature idea: Its hooves help it grip and balance.
Biomimicry design: Engineers could make shoe bottoms with strong grip patterns.
Answer: The engineer copied the idea of gripping rocky ground from the mountain goat.
Worked Example 2: From plant to invention
Problem: People need a fastener that can open and close again and again.
Look at nature: Burrs stick to animal fur.
Nature idea: Tiny hooks help the burr hold on.
Biomimicry design: Velcro uses tiny hooks and loops to stick together.
Answer: Velcro is an example of biomimicry because it was inspired by burrs.
Worked Example 3: Solving a weather problem
Problem: People want jackets that keep water out.
Look at nature: Ducks stay dry in water.
Nature idea: Their feathers help water roll off.
Biomimicry design: Engineers can make waterproof coats that help rain slide away.
Answer: The jacket design copies the water-shedding idea from duck feathers.
Worked Example 4: A harder one
Problem: A train is too loud when it goes into a tunnel.
Look at nature: A kingfisher bird dives into water with very little splash.
Nature idea: Its beak shape helps it move smoothly.
Biomimicry design: Engineers can shape the front of the train more like the bird’s beak to help it move more smoothly and quietly.
Answer: The engineer copied the shape from the kingfisher’s beak to help solve the problem.
What kinds of things in nature do engineers study?
	Body parts like wings, shells, beaks, and feet
	Coverings like fur, feathers, skin, and leaves
	Behaviors like building nests, moving in groups, or hiding
	Shapes that help things move, stick, protect, or stay cool

Biomimicry and engineering design
Biomimicry is part of the engineering design process. Engineers often try, test, and improve their ideas.
	Ask: What is the problem?
	Imagine: What in nature might help?
	Plan: What design will you make?
	Create: Build a model or tool.
	Test: Does it work?
	Improve: How can it be better?

Sometimes the first idea does not work perfectly. That is okay. Engineers learn from tests and make their designs better.
Let’s think together
If you wanted to make a helmet that protects a person’s head, what could you study in nature?
You might study a turtle shell because it is hard and protective.
If you wanted to make a fan blade that moves air well, what could you study?
You might study bird wings because they move through air.
If you wanted to make a backpack that stays dry in the rain, what could you study?
You might study duck feathers or a leaf that lets water roll off.
Important idea: Biomimicry is not just about looking at animals because they are interesting. It is about finding a problem and then seeing how nature solves a similar problem.
Quick check
	If an engineer studies a gecko’s feet to make better grips, that is biomimicry.
	If an engineer paints a backpack with a picture of a tiger, that is not biomimicry, because it only copies the look, not a useful idea.

[image: 📋]   Summary
Biomimicry means copying smart ideas from living things. Engineers study plants and animals to help solve human problems.
Nature can inspire designs for flying, sticking, protecting, staying dry, and much more. Engineers ask a question, study nature, make a design, test it, and improve it.
When we learn from nature, we can create inventions that help people in clever ways.


  
  Put what you read to the test

  You've worked through Biomimicry. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1436






  
    
  [image: 📖]   Chapter 15

  Crosscutting Scientific Concepts



  [image: 📝]   Lesson 39: Cause and Effect Mechanisms

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1471




  Cause and effect helps us answer two big science questions:
	What happened?
	Why did it happen?

In science, a cause is something that makes something happen.
An effect is what happens because of the cause.
A mechanism is the way the cause leads to the effect. It is the chain of steps in the middle.
When scientists study cause and effect, they do not just say, “These things happened together.” They ask, “Did one thing make the other thing happen?”
For example, if you flip a light switch and the light turns on, the cause is flipping the switch. The effect is the light turning on. The mechanism is that the switch lets electricity flow to the bulb.
Learning cause and effect helps us:
	understand how the world works,
	make good predictions,
	solve problems,
	and explain our ideas clearly.

How to find a cause and effect
	Look at what changed.
	Ask what happened next.
	Think about how the first thing could make the next thing happen.
	Check if the idea makes sense more than one time.

Sometimes one cause leads to one effect.
Sometimes one cause leads to many effects.
Sometimes many causes work together to make one effect.
Cause and effect in everyday science
If you water a plant, the plant may grow better. The water is a cause. Better growth is an effect. The mechanism is that the plant uses water to stay alive and make food.
If you leave an ice cube in the sun, it melts. The sun's warmth is the cause. The melting is the effect. The mechanism is that heat makes the ice change into water.
If you push a toy car, it rolls forward. The push is the cause. The rolling is the effect. The mechanism is that your push starts the car moving.
Cause is not just “at the same time”
Sometimes two things happen together, but one did not cause the other.
For example, children may wear coats on a cold day, and some trees may have no leaves. These happen at the same time in winter. But coats do not make leaves fall off trees.
Both things happen because the weather is cold. So we must be careful. Just because two things happen together does not mean one caused the other.
Ask:
	Did this thing happen before the effect?
	Is there a clear how or reason?
	Does it happen again in the same way?

Mechanisms are the “how” part
A mechanism is like a story with steps.
Here is a simple chain of events:
	A girl kicks a ball.
	The ball moves fast.
	The ball hits a cup.
	The cup falls over.

In this chain, the kick is the first cause. The cup falling is the final effect. The moving ball is part of the mechanism, or the middle steps.
Scientists often look for these steps because they help explain why something happened.
Worked Example 1: A simple cause and effect
Question: A student presses a button on a fan. The fan starts spinning. What is the cause? What is the effect?
Step 1: Find what happened first. The student pressed the button.
Step 2: Find what happened next. The fan started spinning.
Answer:
	Cause: pressing the button
	Effect: the fan spins

Mechanism: Pressing the button lets the fan turn on.
Worked Example 2: Finding the mechanism
Question: Rain falls on the playground. Later, puddles form. What is the cause, effect, and mechanism?
Step 1: What happened first? Rain fell.
Step 2: What happened next? Puddles formed.
Step 3: How did it happen? Water landed on the ground and collected in low spots.
Answer:
	Cause: rain falls
	Effect: puddles form
	Mechanism: rainwater gathers on the ground, especially in low places

Worked Example 3: Many causes, one effect
Question: A plant in a classroom looks healthy. It gets water, sunlight, and air. Why is the plant healthy?
Step 1: Look for possible causes. The plant gets water, sunlight, and air.
Step 2: Look at the effect. The plant looks healthy.
Step 3: Put the causes together. Plants need these things to live and grow.
Answer: This is an example of many causes making one effect.
	Causes: water, sunlight, and air
	Effect: a healthy plant

Mechanism: The plant uses these things to live and grow strong.
Worked Example 4: Not all things that happen together are cause and effect
Question: A rooster crows in the morning. Then the sun rises. Did the rooster make the sun rise?
Step 1: Did the crow happen before sunrise? Yes.
Step 2: Is there a clear way the crow could make the sun rise? No.
Step 3: What makes more sense? The rooster crows in the morning, and the sun rises because it is morning. They happen around the same time.
Answer: No. The rooster did not cause the sun to rise.

This teaches us to look for a real reason, not just two things happening together.
Tips for students
	Look for the event that happens first.
	Look for the event that happens next.
	Ask, “How did the first event lead to the next one?”
	Say the chain in order.
	Be careful: together does not always mean caused.

Try thinking like a scientist
When you see something happen, you can say:
	“I think the cause is ___.”
	“The effect is ___.”
	“The mechanism is ___.”

Here are some science questions you can ask:
	What changed?
	What happened after that?
	What steps happened in the middle?
	Could there be more than one cause?

More examples
	You drop a spoon. It falls to the floor.
Cause: you let go of the spoon
Effect: the spoon falls
	You blow on a pinwheel. It spins.
Cause: moving air from your breath
Effect: the pinwheel spins
	You put bread in a toaster. It becomes toast.
Cause: heat in the toaster
Effect: the bread changes into toast
	You forget to charge a tablet. It turns off.
Cause: low battery
Effect: the tablet turns off

[image: 📋]   Summary
Cause and effect helps us understand why things happen.
The cause is why something happens. The effect is what happens. The mechanism is the chain of steps that connects them.
Good scientists look for the real reason something happens. They do not just notice that two things happened at the same time. They ask, “What caused it?” and “How did it happen?”


  
  Put what you read to the test

  You've worked through Cause and Effect Mechanisms. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1441






  [image: 📝]   Lesson 40: Structure and Function

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/1472




  Structure and Function means that the way something is built helps it do its job.


Structure is what something looks like and what it is made of.


Function is what something does.


In science, we ask an important question: How does the shape or material of something help it work?


We can look at plants, animals, and everyday objects. Many things have special parts that help them do special jobs.


For example, a bird has wings. The wings are part of the bird's structure. Their function is to help the bird fly.


A spoon is curved. That curved shape is its structure. Its function is to scoop food.


When we learn about structure and function, we learn that parts are made for purposes.


Main Idea 1: Shape helps with the job


The shape of something often helps it work well.



  	A cup is open at the top so it can hold water.

  	Scissors have sharp blades so they can cut.

  	A fish has fins so it can swim through water.




If the shape changed, the job might be harder to do.


Imagine trying to drink from a flat plate instead of a cup. A plate does not have tall sides, so it cannot hold a drink well. Its structure does not match that function.


Main Idea 2: Materials matter too


The material something is made of also helps it do its job.



  	A raincoat is made from material that keeps water out.

  	A window is made of glass so light can come through.

  	A wooden table is strong and hard, so it can hold things up.




If we made a raincoat from paper, it would not work well in the rain. Paper gets soggy and tears. The material would not fit the function.


Main Idea 3: Living things have body parts for jobs


Plants and animals have parts that help them live.


A plant has roots. Roots grow into the ground. Their function is to hold the plant in place and take in water.


A plant also has leaves. Leaves are often flat and broad. Their function is to catch sunlight.


Animals have body parts for different jobs too.



  	A duck has webbed feet to help it swim.

  	A rabbit has strong back legs to help it hop.

  	A bear has sharp claws to dig and catch food.




Each body part has a structure that helps with a function.


Main Idea 4: We can compare structures and functions


Sometimes two things do the same job, but they have different structures.


For example, birds and airplanes both move through the air. But a bird has feathers and living wings, while an airplane has metal wings and an engine.


Sometimes two things look different because they do different jobs.


A boot and a sandal are both shoes. But a boot covers more of the foot and can protect your feet in mud or snow. A sandal is more open and helps keep feet cool. Different structures help with different functions.


How to think about Structure and Function


When you look at an object or a living thing, you can ask:



  	What parts does it have?

  	What shape are the parts?

  	What is it made of?

  	What job does each part do?

  	How do the shape and material help with the job?




These questions help scientists observe carefully.


Worked Example 1: Spoon


Let's think about a spoon.



  	Structure: It has a curved bowl and a handle.

  	Function: It scoops and carries food.




Why does it work? The curved part holds food, and the handle helps your hand hold the spoon.


If the spoon were flat like a ruler, it would not scoop soup well.


Worked Example 2: Bird Beak


Now think about a bird's beak.



  	Structure: A beak can be short, long, pointed, or strong.

  	Function: It helps the bird get food.




Why does it work? A pointed beak can help pick up small things. A strong beak can help crack hard food.


The shape of the beak helps the bird do its job.


Worked Example 3: Plant Roots


Let's look at roots on a plant.



  	Structure: Roots grow down into the soil and spread out.

  	Function: They hold the plant in place and take in water.




Why does it work? Because roots spread through the soil, they can help the plant stay standing and reach water underground.


If a plant had no roots, it would be much harder for it to stay in place and get water.


Worked Example 4: Umbrella


Now think about an umbrella.



  	Structure: It has a wide top and waterproof material.

  	Function: It keeps rain off your body.




Why does it work? The wide top covers you, and the material does not let rain pass through easily.


If the umbrella had holes in it, it would not do its job as well.


Things to remember



  	Structure means how something is built.

  	Function means what something does.

  	Shape can help something do its job.

  	Material can help something do its job.

  	Plants, animals, and tools all have parts with special jobs.




Let's practice thinking


Here are some questions you can try asking yourself:



  	Why does a fish have fins?

  	Why does a cup have sides?

  	Why does a cactus have a thick stem?

  	Why are mittens made of warm, soft material?




When you answer, try to name the structure and the function.


Brief Summary


Structure and function are connected. The way something looks and what it is made of help it do its job.


We can see this in living things like roots, leaves, wings, and feet. We can also see it in objects like spoons, cups, umbrellas, and scissors.


When scientists study the world, they look at structures and ask how those parts help with functions. This helps us understand why things are built the way they are.


  
  Put what you read to the test

  You've worked through Structure and Function. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/1442






  [image: 📝]   Lesson 41: Measurement and Quantification

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/2248




  Measurement and Quantification means finding out how much of something there is.
Scientists measure things so they can observe carefully, compare fairly, and share what they learn with others.
In 1st grade, we can measure things like:
	Length — how long or how tall something is
	Mass — how heavy something feels
	Volume — how much space a liquid takes up
	Temperature — how hot or cold something is

When we measure, we use units. A unit is what we count with when we measure.
Sometimes we use non-standard units. These are simple units like paper clips, cubes, hands, or footsteps.
Sometimes we use standard units. These are units that many people use, like centimeters for length.
Why do scientists measure?
	To be careful and exact
	To compare two things
	To answer questions with evidence
	To tell others what they found

1. Measuring Length
Length tells how long, short, tall, or wide something is.
You can measure length with non-standard units, like linking cubes or paper clips.
To measure well:
	Put the first unit at the start of the object.
	Place each unit right next to the last one.
	Do not leave gaps.
	Do not overlap the units.
	Count all the units.

You can also measure with a ruler using centimeters. Centimeters are standard units.
2. Measuring Mass
Mass tells how heavy something is.
In 1st grade, we often compare mass by using words like heavier and lighter.
A balance scale can help us compare two objects. If one side goes down, that object is heavier. If one side goes up, that object is lighter.
We can also use the same small objects, like cubes, to compare how heavy things are.
3. Measuring Volume
Volume tells how much liquid is in a cup, bottle, or jar.
We can measure volume by pouring liquid into the same-size cups or with a measuring container.
To compare volume fairly, we should use the same cup size each time.
We can use words like more, less, and equal.
4. Measuring Temperature
Temperature tells how hot or cold something is.
A thermometer helps measure temperature.
We may not need to read big numbers yet. We can still notice whether something is warmer or cooler.
Scientists measure temperature to learn about weather, water, and other things in nature.
Using the Same Unit Matters
If you measure one pencil with big blocks and another pencil with tiny buttons, your measurements will not be easy to compare.
To make a fair test, use the same kind of unit for both things.
That helps us collect precise data. Precise data means careful information.
Worked Example 1: Measuring Length with Cubes
Ella measures a crayon with cubes. She lines up 5 cubes with no gaps.
The crayon is 5 cubes long.
We can write it like this: 5 cubes.
Worked Example 2: Comparing Length
Ben measures two leaves.
	Leaf A = 4 paper clips long
	Leaf B = 6 paper clips long

Which leaf is longer?
Since 6>4, Leaf B is longer.
Worked Example 3: Comparing Mass
A toy car and a cotton ball are on a balance scale.
The toy car side goes down. The cotton ball side goes up.
This means the toy car is heavier and the cotton ball is lighter.
Worked Example 4: Comparing Volume
One jar fills 3 small cups of water. Another jar fills 5 small cups of water.
Which jar has more water?
Since 5>3, the jar that fills 5 cups has more water.
We can show it like this:
5>3
How Measurement Helps in Science
Imagine you want to know which plant in your classroom grew taller.
You can measure each plant with the same unit, like cubes or centimeters.
Then you can write down the data and compare.
That is what scientists do: they ask a question, measure carefully, and use the evidence to answer the question.
Tips for Good Measuring
	Start at the end of the object.
	Keep units lined up.
	Use the same unit each time.
	Count carefully.
	Check your work.

Let’s Remember
	Length tells how long or tall something is.
	Mass tells how heavy something is.
	Volume tells how much liquid there is.
	Temperature tells how hot or cold something is.
	We can use non-standard units like cubes and paper clips.
	We can also use standard units like centimeters.
	Using the same unit helps us compare fairly.

[image: 📋]   Summary
Measurement helps us describe the world with numbers and careful words.
When we measure length, mass, volume, and temperature, we learn more like scientists do.
If we use the same unit, line things up carefully, and count correctly, our measurements can help us answer questions with evidence.


  
  Put what you read to the test

  You've worked through Measurement and Quantification. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/2231






  [image: 📝]   Lesson 42: Visualizing Data through Graphs and Charts
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  Visualizing Data through Graphs and Charts
When scientists learn about the world, they collect data. Data means information we gather by looking, counting, measuring, or testing.
Sometimes a list of numbers is hard to understand. A graph or chart helps us see the data in a picture. Pictures can help us notice what has more, what has less, and what is the same.
In 1st Grade, we can use simple graphs and charts to share what we learned. This helps us explain our science work clearly.
Why do we use graphs and charts?
	They help us organize information.
	They help us compare groups.
	They help us see patterns.
	They help us tell others what we found out.

What kinds of graphs and charts can we use?
Here are some simple kinds of graphs and charts that young scientists can learn about.
	Tally chart: a way to count by making marks.
	Picture graph: a graph that uses pictures or symbols.
	Bar graph: a graph that uses bars to show how many.

1. Tally Charts
A tally chart helps us keep track while we count. Each mark stands for 1.
If we count 4 red flowers, we can write 4 tally marks: ∣∣∣∣.
Tally charts are helpful because we can count objects one at a time and record them right away.
Here is a simple tally chart for leaf colors:
Brown: ∣∣∣
Green: ∣∣∣∣∣
Yellow: ∣∣
This tells us there are 3 brown leaves, 5 green leaves, and 2 yellow leaves.
2. Picture Graphs
A picture graph uses pictures to show data. Each picture stands for a number. In 1st Grade, it is easiest when each picture stands for 1 thing.
For example, if we asked, “Which pet do our classmates have?” we could make a picture graph.
Pets
Dog: [image: 🐶] [image: 🐶] [image: 🐶]
Cat: [image: 🐱] [image: 🐱]
Fish: [image: 🐟]
This picture graph shows that 3 students have dogs, 2 students have cats, and 1 student has a fish.
We can look at the graph and quickly see that dogs are the most and fish are the least.
3. Bar Graphs
A bar graph uses bars to show how many. The taller or longer bar means a bigger number.
A bar graph has:
	a title to tell what the graph is about
	labels to name the groups
	bars to show the numbers

Here is a simple bar graph idea about weather for one week:
Sunny: ████
Rainy: ██
Cloudy: ███
This means:
	Sunny happened 4 days.
	Rainy happened 2 days.
	Cloudy happened 3 days.

From the bar graph, we can see sunny happened the most.
How do we make a graph or chart?
	Ask a question.
Example: Which fruit do we like best?
	Collect data.
Count each answer.
	Organize the data.
Put the answers into groups.
	Make the graph.
Use pictures or bars to show the counts.
	Look at the graph.
Ask: What is most? What is least? Are any the same?

Words we use when reading graphs
	Most = the biggest number
	Least = the smallest number
	Same = equal numbers
	Data = information we collect
	Chart = a way to organize information
	Graph = a picture that shows information

Worked Example 1: Counting Birds
A class sees birds outside the window.
	2 blue birds
	4 red birds
	1 yellow bird

We can put the data into a tally chart:
Blue: ∣∣
Red: ∣∣∣∣
Yellow: ∣
Now let us read it.
	Red birds are the most.
	Yellow birds are the least.
	There are 2 blue birds.

Worked Example 2: Favorite Fruit Picture Graph
Students pick their favorite fruit.
	Apple = 3
	Banana = 2
	Grapes = 4

Picture graph:
Apple: [image: 🍎] [image: 🍎] [image: 🍎]
Banana: [image: 🍌] [image: 🍌]
Grapes: [image: 🍇] [image: 🍇] [image: 🍇] [image: 🍇]
Let us answer questions about the graph.
	Which fruit is the most? Grapes
	Which fruit is the least? Bananas
	How many students chose apples? 3

Worked Example 3: Plant Heights with a Bar Graph
A class measures how many blocks tall some plants are.
	Plant A = 2 blocks
	Plant B = 5 blocks
	Plant C = 3 blocks

Bar graph:
Plant A: ██
Plant B: █████
Plant C: ███
Now we read the graph.
	Plant B is the tallest.
	Plant A is the shortest.
	Plant C is taller than Plant A.

We can compare numbers too:
Plant B has 5 blocks. Plant A has 2 blocks.
Since 5>2, Plant B is taller.
Worked Example 4: Weather Data
A class watches the weather for 6 days.
	Sunny = 3 days
	Rainy = 1 day
	Cloudy = 2 days

We can show this with a chart first:
Sunny: ∣∣∣
Rainy: ∣
Cloudy: ∣∣
Then we can make a bar graph:
Sunny: ███
Rainy: █
Cloudy: ██
What do we learn?
	Sunny happened the most.
	Rainy happened the least.
	Cloudy happened more than rainy.

How graphs help in science
In science, we often ask questions and collect data. Then we use graphs and charts to help us understand what we found.
For example, we might ask:
	Which seed grew the tallest?
	Which kind of weather happened most?
	Which object sank, and which object floated?

When we make a graph, we can see the answer more easily.
Tips for making a good graph
	Give your graph a title.
	Label each group clearly.
	Count carefully.
	Make sure each picture or bar matches the number.
	Check your work when you are done.

Things to look for when reading a graph
	What is the graph about?
	Which group has the most?
	Which group has the least?
	Are any groups the same?
	What does this tell us?

Let’s Practice Thinking
If a graph shows:
	Worms found in soil = 4
	Worms found under rocks = 2

We know more worms were found in soil than under rocks.
If a graph shows:
	White flowers = 3
	Pink flowers = 3

We know both groups are the same.
[image: 📋]   Summary
Graphs and charts help us turn data into pictures we can read. They help us count, compare, and understand information.
In 1st Grade science, tally charts, picture graphs, and bar graphs are great tools. They help young scientists share what they discover.
When you see a graph, remember to ask: What is most? What is least? What is the same?


  
  Put what you read to the test

  You've worked through Visualizing Data through Graphs and Charts. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/2234
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