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The Scientific Method
 

As Explained by Dr. John
Over many years researchers have developed a method that allows a scientist to have an orderly and acceptable way to prove or disprove their theories. This is what we call the Scientific Method. There are many arguments and ideas that are non-scientific and do not follow the scientific method. An example of this type of thinking goes like this: "Flying Saucers must be in the sky because you can't prove that they aren't" This reasoning is not scientific. The real scientific question would be stated" I think that there may be flying saucers in the sky and I will design and run an experiment to see if my idea is correct". Scientists may argue over the experimental procedure and conclusions but there will be method and data to discuss.
An example of a historically beautiful and simple use of the Scientific Method was the Millikan Oil Drop Experiment. Robert Millikan was a Physicist at the University of Chicago who developed a simple device to measure the charge of the electron. This was very important to know. Over several years he measured how little oil drops fell in his apparatus and recorded his data. Then he analyzed his results and produced a very accurate measurement that was accepted by the scientists of the day. He won the Nobel Prize for Physics in 1923.
Here are the Scientific Method Steps for Your Science Fair Experiment 
Select a Topic 


Remember a Science Fair Project is an experiment to find an answer to a question, not just showing what you know. As I demonstrated with the flying saucer argument, not all statements are scientific and the scientific method won't be useful to everything. Be sure and propose a question or problem that can be formulated in terms of hypothesis that you can test. 
State your Purpose 


What are you trying to discover? Define your variables (parts of your experiment that will change). Doing this that will help you find your answer. You should choose one variable that you can control (called the "independent variable") and another variable that you can accurately measure and will change in response to changes in your independent variable. This is your "dependent variable". Then, you must be able to control your other variables or your experiment could be flawed (you can't trust the data).
Do your Research 


Find out about what you want to experiment with. Read books, magazines, browse the WEB, ask teachers, professors or scientists. You need to learn what is already known about your topic. Keep track of where you got your information from and develop a reference list.
State Your Hypothesis 


A hypothesis is a question that has been stated so it can be tested by an experiment. For example: "I think that plants will grow differently under different colored lights. I think that they will grow best under green light because they are green." Then, you design an experiment to test this hypothesis.

Develop an Experimental Procedure 


Select only one element to change in each experiment. Don't forget things that can be changed are called variables. Change something that will help you answer your questions and keep the others fixed. You must be able to explain the variable changes and measure it. Then you run the experiment without these changes. This is called the control experiment. This allows measurement of change.

Perform the Experiment and Record Data 


When you do experiments, record all measurements made. Data can be amounts of chemicals used, how long something is. Qualitative data is also useful and should be recorded. For example, it smelled bad, the color changed, it got moldy. 

Analysis


Put your data into graphs and tables. Are there patterns, Do statistics if you know how. This will help you understand your experiment and produce a conclusion. 
Conclusion

Use the analysis of your experimental data and observations to try to answer your original question about your hypothesis ("Will plants grow better under green light?"). Was the hypothesis correct? Was the hypothesis incorrect? You may have surprised yourself and disproved your own hypothesis. This is still good science and valuable information. Your experiment is still valid. Don't be disappointed if you proved your idea incorrect, be happy you ran a successful experiment and gained knowledge. This is the mark of a scientist and you still have a good Science Fair Project! 

MLA Citation

	BOOKS

Format:
Author.  Title of Book.  City of Publication:  Publisher, Year.


· Take the title from the title page, not the cover. 

· The author's name should be written Last Name, First Name. 

One Author 

Borg, Jim. Tigers of the Sea: Hawaii's Deadly Sharks. Honolulu: Mutual, 1993.

Reagan, Michael D. Curing the Crisis:  Options for America's Health Care.
     Boulder:  Westview Press, 1992.

Two or More Authors 

· List the names in the order in they appear on the title page. 

· Only the first author's name should be reversed: Last Name, First Name. 

· Use a comma between the authors' names. Place a period after the last author's name. 

Landre, Rick, Mike Miller, and Dee Porter.  Gangs:  A Handbook for Community 

     Awareness. New York: Facts on File, 1997.

	ENCYCLOPEDIAS and REFERENCE BOOKS 

Format:
Author of Article.(if given) "Article Title." Title of Book. City

     of Publication:  Publisher, Year.


· When citing familiar reference books, especially those that often appear in new editions, it is not necessary to include full publication information. Give the edition (if available) and the year of publication. 

· If articles are arranged alphabetically, you do not need to give volume and page numbers. 

Faron, Louis C. "Inca." Encyclopedia Americana. International Edition. 1999.

	MAGAZINE ARTICLES 

Format:
Author. "Title of Article." Title of Magazine  Date:  Page(s).


· Abbreviate the months (except May, June, July). Give complete dates for magazines issued every week or every two weeks, written in this order:
Day Month Year, e.g.19 January 1998 

· If the article is on consecutive pages, specify the page numbers of the entire article, e.g. 16-20. Give just the last two digits of the second number, when possible: 188-89, but 196-200 

· If the article is not on consecutive pages -- if, for example, it begins on page 27, then skips to page 30, and continues on page 32 -- write only the first page number, followed by a plus sign: 27+. 

· Do not give volume and issue numbers. 

McCulley, Jeff. "On the Mark." Hawaii Business Feb. 1998: 20+.

Risen, James, and Judy L. Thomas. "Pro-life Turns Deadly." Newsweek 

     26 Jan. 1998: 68-69.

Taubes, Gary. "The Cell-Phone Scare." Technology Review Nov./Dec. 2000: 117-19. 

No Author Given 

· If no author's name is given, begin with the title of the article. 

"Where the Business Is." Motor Age Sep. 2000: 58.

	NEWSPAPER ARTICLES 

Format:
Author. "Title of Article." Name of Newspaper Date, edition:  Page(s).


· Take the name of the newspaper from the masthead, but omit any introductory article: Honolulu Advertiser, not The Honolulu Advertiser. 

· If the city of publication is not part of the newspaper's name, add it in square brackets: News and Observer [Raleigh, NC] 

· Specify the edition of the newspaper, if one is given on the masthead. 

· If the article is not on consecutive pages, write the first page number and a plus sign: B1+. 

Kakesako, Gregg K. "Clinton Vows to Support Akaka Bill." Honolulu Star-Bulletin 

     14 Nov. 1998, night final ed.: A1+.

"Designing Woman." Rept. by Maria Shriver. Dateline. NBC.  KHNL, 

     Honolulu. 15 Mar. 1998.

	WEB SITE -- Professional or Personal 

Format:
Creator's name (if given). Web Page Title. Institution or organization.  Date 

     of access <URL network address>.


Basic Hula Words. 8 Nov. 2000 <http://www.geocities.com/~olelo/o-h-general.html>.

Li, Rong-Chang. English as a Second Language. 6 Nov. 2000 <http://www.rong-chang.com/>.

Harden, Mark. Picasso the Legend. The Artchive. 6 Nov. 2000

     <http://www.artchive.com/artchive/P/picasso_postww2.html>.

Dinosaurs in Hawaii! Honolulu Community College. 6 Nov. 2000

     <http://www.hcc.hawaii.edu/dinos/dinos.1.html>. 

2004 Project Guidelines for Science Students

1. All Physical Science students (optional for Earth Science and Biology) design and complete an independent science investigation.   

· Complete an independent investigation that is compatible with the content of the science course you are currently taking. 

OR 

· Complete an independent investigation based on knowledge gained from a previous year’s science course. 

2. Class time will be allocated to explain the project requirements. The majority of the project development will be done outside the school day. Your parents may assist you in gathering materials, critiquing your work, etc., but the project should be your work, not your parents. 

3. You are expected to provide the materials required to complete your investigation. You should use common household equipment and supplies where possible. If additional materials from the school are required, check with your teacher for the correct procedure. 

4. Investigations will be designed to incorporate the steps of the scientific method. The investigation should include an identified variable and control and be repeated where possible to verify results. 

5. This investigation should be of your own design. This can include a modification of a prepared laboratory investigation. 

6. There is a designated timeline outlining work to be completed. 

7. All investigations will be submitted in notebook format. You will receive guidelines for what information must be included. 

How to Write Your Science Project Research Paper

Keep a copy of your protocol. It will not be returned to you. It will be kept until your project is graded.

1. Score Sheet - You will receive a copy of the score sheet that will be used to grade your paper. 

2. Guidelines - If you follow these guidelines exactly, you will be able to produce a well-constructed paper, and you will be rewarded with an outstanding test grade. 

3. Order: Please turn in your paper in the following order: cover sheet, score sheet (not stapled), problem and hypothesis page, background research paper, and bibliography. 

4. Prepare a cover sheet with your name, period and project problem. Place the score sheet, with the identifying information completed, under the cover sheet before handing in your completed paper. Do not staple the score sheet as part of your paper. 

5. Compile your research into a paper that is organized, well written and meaningful to your project. Your paper must be a minimum of two typed pages in length (or its equivalent when handwritten) and conform to the formatting described. Fifteen points will be immediately deducted for a paper of insufficient length. Do not place any heading or title on your paper. 

6. If you type your paper, the research should comprise a minimum of two pages two pages, double-spaced, with default margins and typeface of 12 points. Default margins have top and bottom margins equal to one inch; they have left and right margins equal to 1.25 inches. Only Arial or Times New Roman typeface is allowed. 

7. If you do not type your paper, the research should comprise four pages written in black ink and on only the front side of each page. 

8. Use internal documentation to give credit to the appropriate author by writing the author’s last name and the page number(s) of the reference used in parenthesis after each sentence or paragraph cited. If you copy a passage word-for-word, be sure to enclose it in quotation marks. Online sources are cited with either the author’s last name (if known) or the title of the article (if author’s name not known) enclosed in quotes. 

9. Prepare a bibliography in which you list all of your references, including those that you may not use in your actual paper. Number each reference and list it alphabetically by the author’s last name. You must have a minimum of three references that you actually use in your paper. Your textbook or your teacher’s notes may not be used as a reference. Points will be deducted if these requirements are not met. 

10. State the problem without using any personal pronouns. 

11. State your hypothesis as an “If ………. then ……….” sentence. Write your statement in clear and concise terms and do not use any personal pronouns. Your hypothesis is your answer to this problem. Your references should support what you feel is the answer to your question. In other words, it was your background research that led you to this answer. The background research that led you to this answer is what you must describe in your research paper. Only this description will earn appropriate points for paper length. 

12. Describe the materials and equipment that you will use when conducting your experiment in the text of your paper. Describe how you will use them to experimentally determine an answer to your question. Explain in detail how you plan to conduct your experiment. The procedure should be written in second person understood. Be sure to list the control, the dependent variable, and the independent variable. You should include drawings (to scale) for anything that must be constructed as part of your experiment. Also, include diagrams if they make your experiment more understandable. Tell why you are performing the steps of your procedure. For example: If pulling an object at constant speed, you need to tell why it is important to do so. Remember - your procedure should be described so well that anyone could perform the experiment and get results that are almost identical to yours! Describe how you will conduct your experiment to determine an answer to your question. 

13. When writing your paper, you should use correct grammar, sentence structure, punctuation and spelling. Also remember that neatness in presentation is essential. 

14. When putting your paper together, the bibliography should be on a separate page from the background research. Put the problem and hypothesis on the same page. Describe the procedure and the materials in the text of your paper. Staple all pages together in the top left-hand corner. Do not put your paper in a folder, notebook or in clear plastic protectors. 

15. Include any formulas or constants that will be used in your data analysis. Include units and define variables. 

16. If a historical background is included in your paper, it cannot exceed ½ page. No points are awarded for this section! 

� http://www.scifair.org/articles/sm.shtml





