The Scientific Method

a.k.a. … Designing experiments
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A.
Terms to know:

· Study group:  sample group being studied.


· Control group:  a group to compare the study group to.  Makes sure that your results aren’t just a fluke and would have happened anyway.
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· Variable:  the ‘thing’ being studied.  In a valid experiment your job is to keep EVERYTHING the same between the study group and control group … except the thing you vary [change].


· Independent variable:

the factor under investigation (the CAUSE).  The factor that varies between the experimental & the control groups.  


The diagram, next page, might be of an experiment to see if ‘fertilizing’ plants with leftover coffee grounds has an effect.  The dependent variable would then be the presence/or not of coffee.  … or how much coffee each group gets.
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· Dependent variable:
the DATA being collected in the experiment (the EFFECT).  

The dependent variable is what you MEASURE or COUNT.  

It’s the difference between experimental group & control group.
In the above diagram, the height of the plants in each group is what you measure so ‘height of plants’ is the dependent variable.

· Hypothesis:  a statement of the expected outcome.  

You ALWAYS make a hypothesis before you do your experiment.

Using the same diagram from above:  If used coffee grounds help plants to grow, then plants grown with used coffee grounds added to their soil will grow taller than plants without.  [measurable!]

· Validity:  How much the experimental results are true to the real world.  

In other words…the results of a valid experiment really do show us something about how the world actually works.

· Bias:  A problem in the design of an experiment that reduces its validity and thus makes the results NOT a representation of the real world.
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If you THINK you already know the answer to your hypothesis … then you have bias.


e.g.  If the makers of TIDE detergent do their own laundry tests, they are likely very BIASED … to make TIDE look good.

· Theory:  A general rule or ‘law of nature’ that science believes is true because many experiments have come up with the same results and conclusions.  [The END PRODUCT of hundreds of studies of the same phenomenon]
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B.
Steps to follow:
























C.
FINAL NOTES:   VALID EXPERIMENTS
In order to design an experiment that will give you useable results, there are many things you have to consider:

· Quantitative data/observations are preferable.

· In other words …you must be able to measure or count.


· Test validity & bias

· Maturation  [doing a study on kids?  They grow up!]

· Attrition   [Doing a study on cancer patients … some die.]

· Experimenter effects  [What if you know which group gets the new medicine?]

· Subject effects  [What if your subjects (the people) know who’s getting the trial medicine?]

· Sample size  [You should have a large a study group as possible]

· Safety/ethics

· Control group  [You MUST have a group to compare to].

In order to ensure that your experiment is VALID you must assess its:

1. Repeatability:  can follow same procedure and get same results over and over.

2. Bias:  ensure that there is NO way for experiment results to be untrue because of researcher errors or omissions.

3. Control group:  you MUST have a comparison group or you can’t know if your results are what would happen normally anyhow.

4. Sample size:  the more subjects you test, the more likely your test is a true representation of real life.


We design experiments so we can discover general TRUTHS or RULES the world operates by.  We can’t test EVERY person, animal or object, so we take a large ‘sample’ of the population we want to know more about and experiment on it.  From the results we get, we make conclusions [generalizations] about what we think happens in the real world to the WHOLE population/group.








Uses the format:  If … then … .  [and is measurable!]





e.g.  If ‘chemical X’ cures cancer, then cancer patients receiving chemical X will show a reduction in the size of their tumours.





Make some observations about the real world.





Ask questions based on your observations





Look for answers to your questions [library, internet …]





Choose a question to research/explore.  �[one of the ones you could not find an answer to.]





Make up a hypothesis about the answer to the question.


If …then…





Design an experiment





Make sure your experiment tests only one variable.





Have a control group





Using your results figure out whether your hypothesis is supported or refuted.





REFUTED





SUPPORTED





Redo the test several times to be absolutely SURE.





Your hypothesis becomes a theory





[only if it is supported by MUCH valid evidence & experimentation].
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