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BOCES Science Laboratory Investigation

THE SCIENTIFIC METHOD
Background Information

Modern humans have faced problems for thousands of years.  Problems can range from fairly simple things, such as “where did I leave my keys,” to conundrums that are far more complex, like “What is the average velocity of an electron in an atom of vanadium?”

Given that many of you probably don’t have much vanadium (element number 23 on the periodic table) lying around your house, you probably aren’t going to have the chance to measure anything about it.  So let us consider the former of these two problems as an example.  If you wanted to find your keys, what would you do?  Most likely, start looking for them.  However, there are several ways that you could go about doing this.  You could just start from wherever you happen to be standing, or you could go to your room and start, or you could go to the last place that you knew you had them, and start looking there.

The best idea seems to be to go to the last known location of the keys and retrace your steps, in the hopes of locating them.  This choice is indeed the best, because it follows a logical series of steps.  The same process can be applied to solving any problem, using something called the scientific method.


The scientific method is a way for scientists (and ordinary people!) to solve a problem in a logical way.  The steps detailed below have a logical order to them, which is designed to produce results quickly and accurately.


1.  Identify the problem – This is fairly straightforward.  Something like “My keys are missing” is an excellent problem.  All you are doing is making an observation.

2.  Gather information – Go find out where you last left your keys, or ask someone else.  Find out as much as you can about the situation.

3.  Make a hypothesis – A hypothesis is an educated guess based on the data you have collected so far.  If you’ve figured out that you last had your keys in your car, then you hypothesis might be “If I look in my car, then I think that I will find my keys.”

4.  Design an experiment – This step is very simple in our case, you would just go look in your car.  In other cases, however, it becomes more complex.


5.  Carry out the experiment and collect data – So you’d go look in your car, and either find your keys or not.

6.  Analyze you data and come to a conclusion – If you found your keys, you’re done.  If you didn’t, you have to analyze what you know so far to figure out what to do next.


7.  Publish your results, or go back and start again – If you found your keys, you’re done!  You can go tell all your friends (or, if you’re a scientist, write a paper).  If not, you have to go make another hypothesis and start again.


These seven, sprightly steps can be used to solve any problem that you can come up with.  And, if you follow them carefully, you should save a lot of time, and get very accurate and dependable results.  You will need to remember these steps throughout the year (and throughout your life!), so commit them to memory NOW!
Purpose

The purpose of this lab is to introduce you to the scientific method, and to show you how it can work to help you solve a problem.  It will also show you how your powers of observation an inference can help or hinder you when you’re trying to figure something out.
Materials

PENCIL
2 Erlenmeyer flasks with liquid, A and B

Stoppers for flasks

Procedure

The procedure is divided up into several sections, each of which corresponds to a step in the scientific methiod
SECTION I – OBSERVATION

1.  Examine the two flasks visually.  DO NOT touch them at all.  Record your observations in table 1.
	Similarities
	Differences

	
	


Table 1.  Visual similarities and differences between flasks A and B. 

QUESTION 1:  Based on your observations, do you think both flasks contain the same liquid?  Explain.

QUESTION 2:  Based on your observations, do you think both flasks contain the same gasses?  Explain.
QUESTION 3:  What direct, observable evidence do you have for your claims in questions one and two?

SECTION II – CARRY OUT AN EXPERIMENT 


Please note that we have skipped three steps.  Your caring and intelligent teacher has already gathered information, created a hypothesis, and designed an experiment for you.  You should thank him or her at your earliest possible convenience.  Cupcakes are a good way to say thank you.

1.  In this first part, we will test the hypothesis “if I shake the flask, the liquid will stay the same.”

2.  Carefully and firmly grasp one of the flasks by the neck, with your thumb over the stopper.  Give the flask ONE, FIRM, up-and-down shake.  Repeat for the other flask, then record your data in table 2.
QUESTION 4:  Now, based on your experiment (and not just an observation), do you think the liquids are the same?  Why or why not?  Give observable evidence for your claims.
	Similarities
	Differences

	
	


Table 2.  Results of shaking each flask once.

QUESTION 5:  Now can you tell if the liquids are the same?  Explain your reasoning.


3.  You will now try another experiment that your lovely teacher has designed for you.  Empty some liquid out of flask B into the beaker provided, so that the level of liquid is the same in each flask.  Replace the stopper firmly in flask B.


4.  Now give each flask one firm, up-and-down shake just as before.  Make sure to keep your thumb over the stopper.

5.  Record your results in table 3.
	Similarities
	Differences

	
	


Table 3.  Results of shaking each flask once with even amounts of liquid.

QUESTION 6:  Do the flasks appear to have the same liquids in them?  Explain how you arrived at your answer.
QUESTION 7:  What has changed about flask B that might account for your observations from table 3?
QUESTION 8:  What other information might you need to collect to see if the liquids are really the same?
6.  You are now going to do some further testing.  In the space below, write a hypothesis and design an experiment that will help you gather more information about the liquids in the flask.  Remember, a good experiment has only one variable (something that changes).  Some variables that you may wish to consider (though you are free to pick others!) are: number of shakes, type of shake, type of container, size of container, amount of liquid, or time between shakes.

HYPOTHESIS:


EXPERIMENT:


7.  Carry out your experiment.  Use the space provided to construct a data table to record your findings.
Analysis
QUESTION 9:  Could you tell much about the liquids in the flasks based ONLY on your information in table 1?  

QUESTION 10:  Why is the information in table 1 not so useful to you?

QUESTION 11:  Based on your three experiments, what have you concluded about the liquid in the two flasks?  Can the liquid change on its own, or is another substance needed?
QUESTION 12:  Why was the scientific process a better way of solving this problem than simple “guessing and checking?”
QUESTION 13:  How does information gathered from an experiment differ from information that cannot be physically demonstrated?
QUESTION 14:  What are some qualities of a good experiment?
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