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GES 4

Extinction of the Dinosaurs: An Introduction to the Study of Earth History

Activity 1: The Scientific Method

OBJECTIVES 
Upon completion of this exercise the student will be able to:

1.  Identify the components of the scientific method and explain each.
2.  Perform and evaluate a simple scientific experiment.
3.  Design a simple scientific experiment.
 
MATERIALS
Pencil and paper
 
INTRODUCTION
Every day each of us observes and interacts with the surrounding physical world, and we generally look for effective ways to do this.  In fact, seeking to understand seems to be one of our basic drives.  We ask questions that arise from our observations and we seek discovery of answers.  In many cases, the questions are asked for very practical reasons: What is the fastest way to get from my dorm to class?  What is the most effective way to study for a math test?  How long can I sit out in the sun without burning?  Does my sunscreen work?  Does it work even after I go swimming?  Can I really jump over this, or will I fall and get hurt?  Should I ask him/her out on a date?  Are dinosaurs really extinct?  Are there ghosts?  How did I get here?  Why won’t my car start?  Will this food give me a stomachache?  There are many ways of finding answers to these and other questions.  Some answers are more accurate than others, and some theories provide answers to more questions than others.  Science is a method of asking and answering questions about the observable world around us and does not depend upon the particular subject material.  In general, the scientific method seeks the simplest answers and the answers that account for the greatest number of observations.
 
No matter what specifically the scientist wants to find out and the exact procedure used, certain features of the scientific method are common. Scientists make observations that lead them to ask questions. They make educated guesses about possible answers, then devise ways to test their guesses. In its classical form the scientific method involves the following steps:
 
1.   Observation and Stating of a Problem - Scientific investigations usually begin with an observation that stimulates a desire to know or understand.  The scientist then states the problem as clearly and concisely as possible.

 
2.   Collection of Pertinent Information - An attempt should be made to assemble the pertinent facts concerning the problem.  The scientist seeks to tap into as much available information about the problem as possible. This information may come from the library, the worldwide web, colleagues, or from other available sources.

 
3.   Formulation of a Hypothesis - Based on information assembled in step two above, a tentative explanation or hypothesis is advanced.  Some call this an educated guess.  This is a trial idea, a possible solution to the problem.  A key feature of the hypothesis is that it can be tested or validated.

 
4.   Testing of the Hypothesis - In this step the scientist designs and executes an experiment to test the validity of the hypothesis.  The exact design of this test can vary greatly and depends upon the nature of the study and the creativity of the investigator.  The experiment must be carefully planned and conducted with great precision. Scientists strive to eliminate all human and instrumental bias.  Accurate records as quantifiable data must be kept of every phase of the experiment.  Results of the experiment are gathered and analyzed.  Many experiments consist of a control group and an experimental group.  The experimental group is identical to the control group in every respect except one, called the variable.  The one substance, situation, etc. that is being tested is varied.  All other factors are kept constant in both the experimental group and the control group.  Therefore, the control serves as the basis or standard by which it is determined if the one variable is responsible for any differences in results.  A key feature of the experiment is that it must be repeatable.  That is, other researchers must be able to repeat the experiment under the same conditions and achieve the same results.

 
5.   Conclusion - When the experiment is complete, the researcher must evaluate the results in an effort to reach a conclusion.  The conclusion either supports or fails to support the original hypothesis.  In either case, knowledge is gained and the researcher moves on.

 

6.   Publication of Results - While your personal use of the scientific method does not involve this step, it is vital to the scientist.  This requires publication, in appropriate scientific literature, of a detailed report of the problem, the hypothesis, all experimental methods and results, and the conclusions reached by the investigator.  This allows other scientists to repeat the investigation if they choose, as a way of confirming the validity of the study. 

 
 
The exercise below is designed to provide some experience using the scientific method as a way to acquire knowledge.  Answer each question carefully.  You will turn in your answers.
 

ACTIVITY: Does Extra-Sensory Perception (ESP) exist?
 
Some people have hypothesized that thoughts can be transmitted between two people without any visual, tactile, or auditory communication.  This direct brain-to-brain communication has been called Extra-Sensory Perception (ESP for short) to indicate that it represents communication outside of the traditionally recognized five senses (sight, taste, touch, smell, and hearing).  Some people believe in ESP, while many others contend that it does not exist.  In this exercise, we will conduct an experiment to test whether or not the predictions of ESP hold in our classroom.
In many scientific experiments, there is a clear ‘null’ hypothesis that we assume to be true until there is strong enough evidence to the contrary.  In general, null hypotheses are chosen to be the simplest explanation that requires nothing ‘interesting’ to be happening.  For example, in clinical trials for new drugs the null hypothesis is always that the drug doesn’t work.  This way, there must be sufficient data indicating that the drug does in fact work before it is put into general use.  More specifically, there must be clear evidence that people treated with the drug improve more than people with the same condition who are not treated with the drug.  Very strict procedures are used so that participants in a trial do not know whether they are in the treatment group or the control group.  
1.  Why do you think the null hypothesis is always that the drug does not work, rather than that it does?
2.  In the case of ESP, what is a reasonable null hypothesis for an experiment? In other words, where does the burden of proof lie?  
Experiment 

Sit back-to-back with a friend.  Choose and record a number between one and five.  Concentrate and try to "send" the chosen number to your friend.  Give no hints.  After a few seconds of concentration have your friend guess the number.  Record the success or failure of the transmission. 

3.  Did you guess the same number?  
4.  If not, is this strong evidence against ESP?  If so, is this strong evidence for ESP?  Why?

Continue the experiment by repeating the previous procedure fifty times. Count the number of times your numbers agreed and the number of times that they did not agree.
Agree:

Do Not Agree:
5.  If ESP does not exist, how many times would you and your friend expect to guess the same number?  Why?

6.  Is your total the same as this prediction?  
7.  If not, why might your total differ?  In other words, would a difference require the existence of ESP?
It is possible to calculate exactly the probability of any number of successes in this experiment.  The probability of a given number of successes is related to the number of trials (n), the number of successes (k) and the probability of success (p) on any given trial.  The relationship can be expressed as follows:

P(k successes out of n trials) = [n!/(k-n)!k!]*pk*(1-p)n-k

From these probabilities, it is therefore also possible to calculate the probability of k or more successes in n trials.  Although it is possible to calculate the probabilities by hand, statisticians generally use statistical software to calculate the probabilities for datasets of interest.  You can use the following website: http://faculty.vassar.edu/lowry/binomialX.html.  Enter your results into this calculator and report the probability of having observed k or more successes by chance.  

8.  Enter the values you applied here:

n=
k=
p=
At the bottom of the page, you will see a result labeled ‘for hypothesis testing’.  Report the two-tailed probability.  This is the probability of getting a result as different or more different from the expect value (10 in this case) by chance alone.  

9.  Enter your two-tailed p-value here:

In many cases, scientists use p < 0.05 as a cutoff for determining that a result was significant in the sense that it is worth considering rejection of the null hypothesis.  However, there is nothing magic about 0.05 – the p-value at which one rejects the null hypothesis depends in large part on how conservative one would like to be.  If the consequences of rejecting the null hypothesis are large, one generally only rejects it if the p-value is very low.  If the consequences of rejecting the null hypothesis are not large, one may feel comfortable rejecting it at higher p-values, though values greater than 0.05 are rarely used.  Note that a p-value less than 0.05 is expected by chance alone one out of every 20 experiments!
10.  Does you p-value suggest rejectiont of the null hypothesis?
11.  How many successes would you have needed to obtain a p-value less than 0.05?
12.  Less than 0.01 (i.e., one in one hundred)?
13.  Less than 0.001 (i.e., one in one thousand)?

14.  What is the probability of obtaining 0 successes in 50 trials?

15.  What is the probability of obtaining 50 successes in 50 trials by chance alone?

16.  If another group in the class guessed the same number on all 50 trials, would you believe that they were communicating via ESP?
17.  What other explanations might there be for this result?

18.  What does your answer tell you about how science works?  In other words, what factors do you need to consider aside from the result of an experiment before deciding how to interpret it?  

19.  If you did not believe in ESP, what would constitute enough evidence for you to change your mind?  If you did believe in ESP, what would constitute enough evidence for you to abandon this belief?
 

 

20.  If you changed your mind about ESP, would it also require changing your mind about other things that you believe?  Does that influence your willingness to change your mind based on the results of one experiment? 
The results for the entire class are available to you online at the Coursework website.  Use the website that you used for your own data to calculate the p-value for each group in the class.
21.  Are there any groups that had unusual results?  

22.  If a several groups obtained results that suggested ESP was involved, what more could you do to test whether or not this was the case?

Combine all of the data for the class into a single sample with size N and K successes.  

23.  What was the overall success rate?  

24.  Does this result make you believe more strongly in the existence of ESP, or that ESP does not exist?
25.  What are the benefits and drawbacks of combining all of the data for the class versus looking at each group separately?
Modified from: http://www2.volstate.edu/dboehmer/scientific_method.htm 

