Introduction to Science and the Scientific Method

I.  What is Science?

A.  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.

B.  Science:
1.  	Science deals only with the natural world.
2.  	Scientists:



3.  	Scientists propose _______________ that can be ______________ by examining evidence.

4.  	Science is an organized way of using evidence to learn about the natural world.

C.  How is science done?
1.  	Science begins with an __________________.  This is the process of gathering information about events or processes in a careful, orderly way.

2.  	___________ is the information gathered from making observations.

3.  	There are two types of data:
a)  	Quantitative data are ______________________________________________________.

b)   Qualitative data are _______________________________________________________.

4.  	Hypothesis
a)  	A hypothesis is a __________________________________________________________.
b)  	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.



III.  Scientific Methods
A.  The scientific method is:



B.  The Steps to the Scientific Method

Step 1: Observation / Asking a Question
1.  	A problem or a question must first be identified.  
2.  	Examples:  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?
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Step 2:  Form a Hypothesis
1.  	Hypothesis:  



 It is simply a prediction and has not yet been __________________________.
 
2.  	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.


Step 3:  Designing a Controlled Experiment
1.  	The factors in an experiment that can be changed are called ____________.  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 _________________________.  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 ________________________ 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 ____________________.
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.

5.  	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? 



Copyright © January 2012 Amy Brown (aka Science Stuff)
6.  There are two variables in an experiment:
a) 	The independent variable is the variable that is:


b) 	The dependent variable is the one:

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? 


d)  	In the above example, what is the dependent variable?  



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?

Step 5:  Drawing Conclusions
1.  	The evidence from the experiment is used to determine if the hypothesis is ______________________.

2.  	Experiments must be repeated over and over.  When repeated, the results should always be the same before a valid conclusion can be reached.  

III.  Forming a Theory
A.  	A theory may be formed after the hypothesis has been tested many times and is supported by much evidence.
B.  	Theory:  


C.  	A theory is supported by considerable evidence.


IV.  Practice Problem

You want to determine the effects of a certain fertilizer on the growth of orchids grown in a greenhouse.  Materials that are available to you include:  greenhouse, 100 orchid plants, water, fertilizer, and soil.  You want to know if the orchids will grow best with a weak concentration of fertilizer, a medium concentration of fertilizer, or a high concentration of fertilizer.  How will you design an experiment to test different concentrations of this fertilizer?

A.   	State your hypothesis: 
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B.   How will you set up a controlled experiment?
















C.	What is the control group in this experiment?  




D.	What is the experimental group in this experiment?  



E.	What variables must be kept constant in this experiment?  






F.	What variable is being changed in this experiment?   



G.	After one month of measuring the orchids, the following data is obtained:

Group 1 (Control Group):  Grew to an average height of 15 cm.
Group 2 (Weak concentration):  Grew to an average height of 35 cm.
Group 3 (Medium concentration):  Grew to an average height of 28 cm.
Group 4 (High concentration):  Grew to an average height of 10 cm.

Is your hypothesis supported or disproved by these results?  



What is your conclusion based on these results?  
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HYPOTHESIS and VARIABLES WORKSHEET

Directions: Write a testable hypothesis in if…then…format for each of the following research problems. Identify the manipulated variable and the responding variable for each.
HINT: If (fill in manipulated variable), then (fill in responding variable)

1. What effect does high temperature have on radish germination?
____________________________________________________________________________________________________________________________________________________________________________________
Independent variable: ________________________________________________________________________
Dependent variable: ________________________________________________________________________
2. What effect does studying with music have on student test scores?
____________________________________________________________________________________________________________________________________________________________________________________
Independent variable: ________________________________________________________________________
Dependent variable: ________________________________________________________________________
3. What effect does food color have on the amount of food fish eat?
____________________________________________________________________________________________________________________________________________________________________________________
Independent variable: ________________________________________________________________________
Dependent variable: ________________________________________________________________________
4. What effect does light have on plant growth?
____________________________________________________________________________________________________________________________________________________________________________________
Independent variable: ________________________________________________________________________
Dependent variable: ________________________________________________________________________
5. What effect does smiling have on teacher giving no homework?
____________________________________________________________________________________________________________________________________________________________________________________
Independent variable: ________________________________________________________________________
Dependent variable: ________________________________________________________________________

Scientific Method 							Controls and Variables – Part 1


SpongeBob and his Bikini Bottom pals have been busy doing a little research. Read the
description for each experiment and answer the questions.


1 - Patty Power
Mr. Krabbs wants to make Bikini Bottoms a nicer place to live. He has created a new sauce that he
thinks will reduce the production of body gas associated with eating crabby patties from the Krusty
Krab. He recruits 100 customers with a history of gas problems. He has 50 of them (Group A) eat
crabby patties with the new sauce. The other 50 (Group B) eat crabby patties with sauce that looks just
like new sauce but is really just mixture of mayonnaise and food coloring. Both groups were told that
they were getting the sauce that would reduce gas production. Two hours after eating the crabby
patties, 30 customers in group A reported having fewer gas problems and 8 customers in group B
reported having fewer gas problems.

a. Which people are in the control group?

b. What is the independent variable?

c. What is the dependent variable?

d. What should Mr. Krabs’ conclusion be?


e. Why do you think 8 people in group B reported feeling better?



2 – Slimotosis
Sponge Bob notices that his pal Gary is suffering from slimotosis, which occurs when the shell
develops a nasty slime and gives off a horrible odor. His friend Patrick tells him that rubbing seaweed
on the shell is the perfect cure, while Sandy says that drinking Dr. Kelp will be a better cure. Sponge
Bob decides to test this cure by rubbing Gary with seaweed for 1 week and having him drink Dr. Kelp.
After a week of treatment, the slime is gone and Gary’s shell smells better.

a. What was the initial observation?


b. What is the independent variable?


c. What is the dependent variable?


d. What should Sponge Bob’s conclusion be?



3 – Marshmallow Muscles
Larry was told that a certain muscle cream was the newest best thing on the market and claims to
double a person’s muscle power when used as part of a muscle-building workout. Interested in this
product, he buys the special muscle cream and recruits Patrick and SpongeBob to help him with an
experiment. Larry develops a special marshmallow weight-lifting program for Patrick and SpongeBob.
He meets with them once every day for a period of 2 weeks and keeps track of their results. Before
each session Patrick’s arms and back are lathered in the muscle cream, while Sponge Bob’s arms and
[image: ]back are lathered with the regular lotion.


a. Which person is in the control group?

b. What is the independent variable?

c. What is the dependent variable?

d. What should Larry’s conclusion be?
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Patrick believes that fish that eat food exposed to
microwaves will become smarter and would be
able to swim through a maze faster. He decides
to perform an experiment by placing fish food in
a microwave for 20 seconds. He has the fish
swim through a maze and records the time it
takes for each one to make it to the end. He feeds
the special food to 10 fish and gives regular food
to 10 others. After 1 week, he has the fish swim
through the maze again and records the times for
each.

a. What was Patrick’s hypothesis?
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b. Which fish are in the control group?

c. What is the independent variable?

d. What is the dependent variable?

e. Look at the results in the charts. What should Patrick’s conclusion be?
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