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What is Science?
The goal of science is to investigate 

and understand the natural world, to 

explain events in the natural world, and 

to use those explanations to make 

useful predictions.

1.  Science deals only 

with the natural world.

2.  Scientists: 
collect and organize 

information in a careful, 

orderly way, looking for 

patterns and connections 

between events.

3.  Scientists propose 

___________ that can 

be ______ by 

examining evidence.

explanations

tested

4.  Science is an organized way 

of using evidence to learn about 

the natural world. 
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The Scientific 

Method involves a 

series of steps that 

are used to 

investigate a 

natural 

occurrence. 
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We shall take a 

closer look at 

these steps and 

the terminology 

you will need to 

understand before 

you start a 

science project.
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Purpose/Question

Observation/Research

Formulate a Hypothesis

Experiment

Collect and Analyze Results

Conclusion
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Steps of the 

Scientific Method

1. Purpose/Question: Develop a 

question or problem that can 

be solved through 

experimentation. What do you 

want to learn?
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Scientific vs. Non-scientific 

Questions
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What is a scientific question?

• Scientific questions are those we can 

disprove by experiment (testing).
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Examples of Scientific Questions

• Does Pepsi have more carbonation than 

Coke?

• What is the effect of cigarette smoke on 

lung cancer?

• What is the effect of adding fertilizer to 

grass have on the greenness of the grass?
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What is a non-scientific question?

• Non-scientific questions are those we can’t 

disprove or prove by experiment (testing).
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Examples of Non-Scientific 

Questions

• Did Abraham Lincoln think blue was a 

terrible color? 

• Is cigarette smoke gross?
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Practice:  Scientific Question or Not?

Why is blue the best color in the world?

What is the effect of cigarette smoke on lungs?

Did the grass turn brown because it needs fertilizer?

What is the effect of studying time on test grades?

Yes!

Yes!

No!

No!Why is basketball a boring sport?

Yes!
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Now let’s create our 

Question/Purpose for our Paper 

Towel Experiment!
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Steps of the 

Scientific Method

2. Observation/Research: Make 

observations and research 

your topic of interest. Find out 

as much about your topic as 

you can.
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How is Science Done?

Science begins with 

an ___________.  

This is the process of 

gathering information 

about events or 

processes in a careful, 

orderly way.

observation

Data is the information gathered from making 

observations.
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Let’s Research Some 

information on our Paper Towel 

Brands!
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There are two types of data:

Quantitative data are: Numbers are 

obtained by counting 

or measuring. 

Qualitative data are:
descriptions 

that involve 

characteristics 

that cannot be 

counted.
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Let’s make observations about our paper 

towels and write down some quantitative and 

qualitative data: 

Quantitative: 

Qualitative: 
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Steps of the 

Scientific Method

3. Formulate a Hypothesis: 

Predict a possible answer to 

the problem or question.

Example: If………., then………..
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A hypothesis is a 
scientific explanation 

for a set of 
observations.

A hypothesis must be 
stated in a way that 
makes it “testable”.  

The hypothesis is just 
a possible answer to a 
question, and it must 
be thoroughly tested.
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How do you create an if/then hypothesis statement? 

Experiment Hypothesis Statement

Does fertilizer make a plant 

grow bigger?

Plants need many types of 

nutrients to grow. Fertilizer 

adds those nutrients to the 

soil, thus allowing plants to 

grow more.

If I add fertilizer to the soil 

of some tomato seedlings, 

but not others, then the 

seedlings that got fertilizer 

will grow taller and have 

more leaves than the non-

fertilized ones.

Is a classroom noisier 

when the teacher leaves 

the room?

Teachers have rules about 

when to talk in the 

classroom. If they leave the 

classroom, the students 

feel free to break the rules 

and talk more, making the 

room nosier.

If I measure the noise level 

in a classroom when a 

teacher is in it and when 

she leaves the room, then I 

will see that the noise level 

is higher when my teacher 

is not in my classroom.
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Let’s create an if/then 

hypothesis statement for our 

experiment!
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Let’s do a quick review at 

making Observations 

and making a 

Hypothesis…….
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Step 1: 

Observation / Asking a 

Question

Step 2:  Form a Hypothesis

A problem or a question 
must first be identified.  

How much water can a root 

hair absorb?  

Why does a plant stem bend 

toward the light?  

What effect does 

temperature have on heart 

rate?

Hypothesis
A possible explanation 

to the question or 

problem. 

It is simply a prediction and has 

not yet been proven or disproven.  

It must be stated in a 

way that is testable.  

A statement is 

considered “testable” 

if evidence can be 

collected that either 

does or does not 

support it.
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Steps of the 

Scientific Method

4. Experiment: Design a test to 

confirm or disprove your 

hypothesis.

Develop and follow a procedure.

Include a detailed materials list.
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Step 3:  Designing a Controlled 

Experiment

1.  The factors in an experiment that can be changed are called 

variables. Some example of variables would be:  changing the 

temperature, the amount of light present, time, concentration of 

solutions used.

2.  A controlled experiment works with one variable at a time.  If 

several variables were changed at the same time, the scientist 

would not know which variable was responsible for the observed 

results.

3.  In a “controlled experiment” only one variable is changed at a time.  All other variables should be 

unchanged or “controlled”.

4.  An experiment is based on the comparison between a ____________ with an 

________________.

control group
experimental group

a)  These two groups are identical except for one factor.

b)  The control group serves as the comparison.  It is the same as 

the experiment group, except that the one variable that is 

being tested is removed.

c)  The experimental group shows the effect of the variable that is 

being tested.
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Example: In order to test the 

effectiveness of a new vaccine, 50 
volunteers are selected and divided 

into two groups.  One group will be 

the control group and the other will be 
the experimental group.  Both groups 

are given a pill to take that is identical 

in size, shape, color and texture.  

Describe the control group.

Describe the experimental group.

What variables are kept constant? 

What variable is being changed? 

Even though the volunteers are given 

identical looking pills, the control group will 

not actually receive the vaccine.

This group will receive the vaccine.

The size, shape, color, and texture of 

the pill.

Whether or not the pill contains the 

vaccine.
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There are two variables in an experiment:

a) The independent 
variable is the 

variable that is 

deliberately 
changed by the 

scientist.

b) The dependent variable is the 
one observed during the 

experiment.  The dependent 

variable is the data we collect 
during the experiment.  This 

data is collected as a result of 

changing the independent 
variable.

c) In the above 

example, what is the 

independent 

variable?  
It is the addition of the 
vaccine to the pills 

that were given to the 

volunteers.

d) In the above 

example, what is 

the dependent 

variable? 

The observed 

health of the people 

receiving the pills.
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Let’s practice determining 

independent vs. dependent 

variables!

https://www.quia.com/quiz/1623

10.html

https://www.quia.com/quiz/162310.html
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Meters, Liters, and Grams
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Measuring:

Meters, Liters, and Grams,

Oh My!
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In ancient times, there was confusion 

about how to measure things.
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When people tried to measure using the 

parts of their body they discovered that 

people aren’t built the same.  Not everyone 

has the same foot size, arm size, hand size, 

etc.



Page 35

To measure weight people tried 

using stones.

But what problem does this pose?
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Stones come in different sizes.
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And the same confusion arose when 

trying to find the volume of a container.

How many seeds does this container hold?

Again, it depends on the size of the seed.
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Eventually people began to use the 

same ruler.  Now a foot was a foot 

whether you lived in Eastonesia or 

Westlovakia.

Above is a sample of the ruler we use today in the US, we 
use units like inches, feet, yards and miles for measuring 
length and distance.
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To measure weight people started 

using a system of pounds, ounces, 

and tons
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and for Volume… Cups, Pints, 

Quarts and Gallons were used.
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But this system, called the 

Customary System, was still 

confusing (to everyone but the 

United States)

Because we are one of the only countries to still use the 

Customary System of Measurement.
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So if the United States is the only 

country still using the Customary 

System to measure, what is 

everybody else using?

THE METRIC SYSTEM
aka The International System of Units 

(SI)

Hey! Did you 

write this down 

yet?
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All metric measures of volume are 

based on the LITER.

All metric measures of mass are 

based on the GRAM.

All metric measures of length and 

distance are based on the METER.
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Since there are currently two 

systems of measuring this can add 

to the confusion…
And sometimes misunderstandings about 

measurements can lead to DISASTER!

The engineers and operators who worked 
on a multimillion dollar spacecraft made 

such a mistake.  Some of them used feet 
and miles, while others used meters and 
kilometers…After blastoff the spacecraft 

was supposed to orbit Mars, but instead it 
was lost in space forever.
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However, even though the metric 

system has not been adopted by 

people in the US, most Americans 

use it everyday.

Check your refrigerators, pantries, medicine 

cabinets and bathrooms.
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Measured 
in grams
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Measured in milligrams
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Measured in 
milliliters



Page 49

Many manufacturers use metric 

units because they are understood 

all over the world. 
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Metric Conversions 
Ladder Method

T. Trimpe 2008   http://sciencespot.net/
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KILO

1000

Units

HECT

O

100

Units

DEKA

10

Units DECI

0.1

Unit

CENT

I

0.01

Unit

MILLI

0.001

Unit

Mete

rs

Liter

s

Gra

ms

Ladder Method

How do you use the “ladder” 

method? 1st – Determine your starting point.

2nd – Count the “jumps” to your 

ending point.

3rd – Move the decimal the same 

number of jumps in the same 

4 km = _________ m 

1
2

3

How many jumps does it 

take?

Starting 

Point

Ending 

Point

4.
1

__

.2

__

.3

__

.
= 4000 m
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Try these conversions using the ladder 

method.1000 mg = _______ g 1 L = _______ mL 160 

cm = _______ mm 

14 km = _______ m 109 g = _______ kg 250 m = _______ 

km

Conversion Practice

Compare using <, >, or =.

56 cm         6 m 7 g          698 mg
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Write the correct abbreviation for each metric unit.

1) Kilogram _____ 4) Milliliter _____ 7) 

Kilometer _____

2) Meter _____ 5) Millimeter _____ 8) Centimeter 

_____

3) Gram _____ 6) Liter _____ 9) 

Milligram _____

Try these conversions, using the ladder method.

10) 2000 mg = _______ g 15) 5 L = _______ mL 20) 16 

cm = _______ mm

11) 104 km = _______ m 16) 198 g = _______ kg 21) 

Metric Conversion Challenge
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Compare using <, >, or =.

25) 63 cm         6 m 27) 5 g         508 mg 29) 1,500 mL         

1.5 L

26) 536 cm          53.6 dm 28) 43 mg         5 g 30) 

3.6 m         36 cm
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Let’s Begin our Experiment!
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Steps of the 

Scientific Method
5. Collect and Analyze Results: 

Record what happened during 

the experiment. Modify the 

procedure if needed and 

confirm the results by 

retesting.
Include tables, graphs, and photographs.
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Step 4:  Recording and Analyzing Results

1.  The data that has been collected must be 

organized and analyzed to determine whether 

the data are reliable.

2. Does the 

data support 

or not 

support the 

hypothesis?
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Brand 1: 

Brand 2:

Brand 3:

Brand 4: 

Is your hypothesis supported or disproved by 

these results?

We hypothesized that the ________ would hold 

the most water.

The results do / do not support this.  

The results disprove / support our hypothesis.
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Steps of the 

Scientific Method

6. Conclusion: Was your 
hypothesis correct?  

Include a statement that 
accepts or rejects the 

hypothesis.
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What is your conclusion based on 

these results?  
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Step 5:  Drawing Conclusions

The evidence from the experiment is used to 

determine if the hypothesis is proven or disproven. 

Experiments must be 

repeated over and 

over.  When repeated, 

the results should 

always be the same 

before a valid 

conclusion can be 

reached.  
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Forming a Theory
A theory may 

be formed 

after the 

hypothesis 

has been 

tested many 

times and is 

supported by 

much 

evidence.

Theory: 

A broad and 

comprehensive 

statement of 

what is thought 

to be true.

A theory is 

supported by 

considerable 

evidence.
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Let’s review a few important 

things…….
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In a “controlled experiment”, all variables must be kept constant except 
the one variable that is being changed.

What variables must be kept 
constant in this experiment?

Amount of water placed in each container

How we absorb the water with each paper 

towel

How we squeeze out the water in each paper 

towel

What variable is being changed in this experiment?

The variable being changed is the type of paper towel 

we use
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Analysis Questions

Why is it important to have a large sample 

size in any experiment? 

It is important to test a large sample 

in order to get a true picture of the 

results of the experiment.  If the 

sample size is too small, an 

inaccurate conclusion may be 

reached.  Results obtained by 

testing a large number of 

individuals would be much more 

accurate than if only a few 

individuals had been tested.
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Analysis Questions

Why is it important to repeat the 

experiment many times? 

Experiments should be 

repeated to see if the 

same results are 

obtained each time.  This 

gives validity to the test 

results.
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Analysis Questions

What is the importance of the control?

The control shows what will 

happen when the 

experimental factor is omitted.  

Without the control, there 

would be no basis for 

comparison and you would 

not know how the 

experimental factor affected 

the results.
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Analysis Questions

How is a theory different than a 

hypothesis? 

A hypothesis is an “educated 

guess” that is testable through 

observations and experimentation.  

A theory is a broad statement of 

what is believed to be true based 

on many experiments and 

considerable amounts of data.
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Analysis Questions

Why is it so important that a scientist 

accurately describes the procedure 

used in the experiment? 

It allows other scientists to 

repeat the experiment and verify 

the results.
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Analysis Questions

What is the difference between the 

independent and the dependent 

variables in an experiment? 

The independent variable is the 
variable that is deliberately changed 

by the scientist.  The dependent 

variable is the one observed during 
the experiment.  The dependent 

variable is the data we collect during 

the experiment.  
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Analysis Questions

In a “controlled experiment”, why must 

all of the variables, except one, be kept 

constant throughout the experiment?

If several variables were 

changed at the same time, the 

scientist would not know which 

variable was responsible for the 

observed results.
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Think you can name all 

seven steps?
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Now we will review by putting it 

all together……
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Let’s put our knowledge of the 

Scientific Method to a realistic 

example that includes some of the 

terms you will be using.
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Purpose/Question

John watches his grandmother bake 

bread. He ask his grandmother what 

makes the bread rise.

She explains that yeast releases a gas 

as it feeds on sugar.
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Purpose/Question

John wonders if the amount of sugar 

used in the recipe will affect the size 

of the bread loaf?
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Caution!

Be careful how you use effect and 
affect.

Effect is usually a noun and affect, a 
verb.

“ The effect of sugar amounts on the 
rising of bread.”

“How does sugar affect the rising of 
bread?”
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Observation/Research

John researches the areas of baking 

and fermentation and tries to come 

up with a way to test his question.

He keeps all of his information on this 

topic in a journal.
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Formulate a Hypothesis

After talking with his teacher and 

conducting further research, he 

comes up with a hypothesis.

“If more sugar is added, then the 

bread will rise higher.”
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Hypothesis

The hypothesis is an educated 

guess about the relationship 

between the independent and 

dependent variables.

Note: These variables will be 

defined in the next few slides.
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Do you know the difference 

between the independent 

and dependent variables?
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Independent Variable

The independent, or 
manipulated variable, is a 

factor that’s intentionally varied 
by the experimenter.

John is going to use  25g., 50g., 
100g., 250g., 500g. of sugar in 

his experiment.
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Dependent Variable

The dependent, or responding 
variable, is the factor that may 
change as a result of changes 

made in the independent 
variable.

In this case, it would be the size 
of the loaf of bread.
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Experiment

His teacher helps him come up with a 

procedure and list of needed 

materials.

She discusses with John how to 

determine the control group.
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Control Group

In a scientific experiment, the 

control is the group that serves 

as the standard of comparison.

The control group may be a “no 

treatment" or an “experimenter 

selected” group.
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Control Group

The control group is exposed to 

the same conditions as the 

experimental group, except for 

the variable being tested.

All experiments should have a 

control group.
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Control Group

Because his grandmother 

always used 50g. of sugar in 

her recipe, John is going to use 

that amount in his control 

group.
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Constants

John’s teacher reminds him to keep 

all other factors the same so that any 

observed changes in the bread can 

be attributed to the variation in the 

amount of sugar.
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Constants

The constants in an experiment are all 

the factors that the experimenter 

attempts to keep the same. 
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Can you think of some 

constants for this 

experiment?
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Constants

They might include:

Other ingredients to the bread recipe, oven 
used, rise time, brand of ingredients, 
cooking time, type of pan used, air 

temperature and humidity where the 
bread was rising, oven temperature,  age 

of the yeast… 
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Experiment

John writes out his procedure for his 
experiment along with a materials list 
in his journal. He has both of these 
checked by his teacher where she 
checks for any safety concerns.
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Trials

Trials refer to replicate groups that are 

exposed to the same conditions in an 

experiment.

John is going to test each sugar 

variable 3 times.
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Collect and Analyze Results

John comes up with a table he 
can use to record his data.

John gets all his materials 
together and carries out his 

experiment.
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Size of Baked Bread (LxWxH) cm3

Amt. of 

Sugar (g.)
1 2 3 Average

Size (cm3)

25 768 744 761 758

50 1296 1188 1296 1260

100 1188 1080 1080 1116

250 672 576 588 612

500 432 504 360 432

Size of Bread Loaf (cm3)

Trials

Control 

group
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Collect and Analyze Results

John examines his data and 

notices that his control worked the 

best in this experiment, but not 

significantly better than 100g. of 

sugar.
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Conclusion

John rejects his hypothesis, but 

decides to re-test using sugar 

amounts between 50g. and 

100g.
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Experiment

Once again, John gathers his materials 

and carries out his experiment.

Here are the results.
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Can you tell which group 

did the best?
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Size of Baked Bread (LxWxH) cm3

Amt. of 

Sugar (g.)
1 2 3 Average

Size (cm3)

50 1296 1440 1296 1344

60 1404 1296 1440 1380

70 1638 1638 1560 1612

80 1404 1296 1296 1332

90 1080 1200 972 1084

Size of Bread Loaf (cm3)

Trials

Control 

group
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Conclusion

John finds that 70g. of sugar 

produces the largest loaf.

His hypothesis is accepted.
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