Coalfield School


How To Do Your 
Science Project –


A Guide for Students
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 WHAT IS A SCIENCE FAIR PROJECT? 
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 A science fair project is simply your independent research of a science topic using the scientific method. All work and ideas are yours, giving you “ownership” of the research problem and results.  By doing a science fair project, you will find yourself doing the job of a practicing, professional scientist, giving you a taste of how the body of knowledge we call science is accumulated. 
 STEPS TO DOING A SCIENCE FAIR PROJECT

1.Get a bound notebook and number the pages. 

2.Select a topic present projects to teacher.. 

3.Narrow the topic to a specific problem, stated as a question, with a single variable. 

4.Research the topic and problem and write your draft of the literary research report. 

5.Form a hypothesis or state the purpose of the research. 

6.Develop a research plan/experimental design. Apply for approval. Fill out appropriate certifications and get signatures of approval. 

7.Write the literary research report. 

8.Collect materials and equipment. Make a lab schedule. 

9.Conduct the experiment. Record the quantitative and qualitative data. 

10.Analyze data. 

11.Repeat your experiment, as necessary, to thoroughly explore the problem. 

12.Form a conclusion. 

13.Write the laboratory report. 

14.Write the abstract. 

15.Create the visual display. 

16.Review and polish presentation and display for the science fair. 

SELECTING A TOPIC

Internet sites for choosing a topic

http://www.hallbar.com/sciencecenter.html
http://www.internet4classrooms.com/sciencefair.htm 
There are several factors that need to be considered when selecting a topic. Often, the simplest of projects present the greatest challenges to an imaginative and intelligent student. 

Consider the following guidelines when selecting the topic of your research project: 

Choose a topic that interests you. 

A hobby such as music, gardening, or model rocketry, might give you something to investigate. 

Sometimes your interest in a sport can provide ideas for a science fair project. Magazine or newspaper articles on science-related events can spark your interest. 

Find out if there is a sizable amount of information and equipment available pertaining to the selected topic. 
$ Determine if the project is feasible. 

Can the project be completed within the amount of time allowed? Have you considered the time needed for retrials or repeats of the experiment? For example, in plant projects, you will need a large sample of plants ready to go in two- or three-week intervals. 


Are there environmental concerns? For example, is it the right time of year to make your observations or collect samples? 


Do you have adequate laboratory resources or natural resources, or both, to carry out your investigation? 


What is the cost of completing the project? Is it within your budget? Do you need special equipment beyond what is available?  How will you get it? Have you budgeted for retrials? 


Is the design of the experiment adequate? Are the effects measurable in an objective way? 


Does the project conform to ALL state or federal laws pertaining to scientific research? (All Research and Safety Regulations at http://www.osha.gov/ ) 
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
Some documentation will require paperwork completed both before and after experimentation for all projects. 


If you chose to work with any of the materials or organisms listed below, you will need to obtain approval from the Coalfield Scientific Review Committee before experimentation begins. 

human subjects 

nonhuman vertebrate animals 

pathogenic agents 

controlled substance 

human or animal tissue 

hazardous substances or devices 

recombinant DNA 
Obtaining approval involves additional certifications, permissions, and other paperwork. This work is necessary for your protection, the protection of the environment, and certifies that you have treated animals, including humans, properly, and have adhered to the laws of your local town, state and the nation. Are you willing to complete this additional paperwork in order to work in restricted areas? 

[image: image4.wmf]Keeping a Scientific/ Log book is Highly Recommended

When making entries in your notebook, follow these guidelines. 


Write the entry immediately after the work was performed. 


Write the date of the entry at the top of the outside margin of every page. 


Sign and date every entry. 


Mark and title each section clearly. 


Write legibly and in clear, understandable language. 


Use the active voice in the first person when making an entry so it clearly indicates who did the work. Your experimental entries should read like a story. Illustrate as necessary — a picture can be worth a thousand words! 

Record everything — no detail is insignificant. 


Title, label, and date all graphs and tables. 


Have anyone who witnesses your work sign as a witness and date the entry. 


Never remove or obliterate an entry from your notebook. What you think is “a goof” may later turn out to be to be a great asset! 
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You have decided upon a topic and are thinking, “Where do I begin?”  The best place to begin is the library. The library will have magazines, newspapers, books on the subject, scientific references, and electronic resources, each with information about some aspect of your topic. 

You may think you should begin with an encyclopedia. Encyclopedias are quick references that will give you basic background information, but not the specific scientific information you may need, especially if you chose a cutting-edge field of science.  It is acceptable to begin with an encyclopedia for key terms, but do not use general encyclopedias as the only source of your information, and do not include them in your list of references. However, good scientific encyclopedias, such as The Encyclopedia of Chemical Technology, are acceptable resources. 

You’re more likely to find what you need in large public libraries and college libraries. Scientific journals can be found at these libraries. Articles in scientific journals have some of the most up-to-date information on many current hot topics in research. There are scientific journals specific to every field in science. Articles in journals will be found in three forms: as complete papers with short abstracts, as final notes on projects, and as updates or communications about ongoing research. Check the microfiche files; many times papers and abstracts can be found there. 

College texts have information that goes beyond what most high school texts offer. Some libraries have databases on computers, which make the search for books and magazine articles much easier than a search using a card catalog. 

Most libraries now also offer access to the Internet for students doing research. When conducting research on the Internet, make sure that you use reliable sources. Information you use will need the same citation data as a book or magazine article: author, title, publisher, and copyright. It is best to download copies of everything you use, including the website address. 

Remember, good literary research and documentation provides a good foundation for your hypothesis and experiment. 
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Once you have selected and researched your topic, you will need to identify the problem that you are about to study. Phrase your problem as a question; phrase your hypothesis as a statement. Be specific in stating your hypothesis or purpose, but don’t be overly wordy. Most scientists prefer a hypothesis rather than a statement of purpose, although for engineering projects or computer projects a statement of purpose is preferred. 

HYPOTHESIS 

A hypothesis is a trial solution to a research problem. The data you acquire through experimentation will be used to support or refute the hypothesis. It will not reflect badly on you if your data shows your hypothesis to be incorrect as long as your background research can justify your hypothesis. Sometimes your data will neither support nor refute your hypothesis.

STATEMENT OF PURPOSE

Some project work is best summarized with a statement of purpose. This is especially true with computer or engineering projects. Rather than testing a supposition, these projects often involve the development of new equipment, materials, procedures, or models. 
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Enter all your design ideas and modifications in your log book.  Labeled diagrams or schematics are a good way to present your ideas. These are essential in an engineering project. With computer projects, include algorithms or flow charts. 

When developing your experimental design you should consider the following questions. 


Will your design test your hypothesis or achieve your purpose? 


What variables affect your experiment

?    What quantity are you testing for (dependent variable) and on what does this variable depend (independent variable)

?  It is important to test only one variable at a time and keep other variables that might affect your results to a minimum. Keeping extraneous variables to a minimum is not always easy to achieve. 

VARIABLES

Independent Variable: The quantity that you vary systematically.  This variable is plotted on the x-axis. The successive increments in the independent variable are often consistent. In physics projects, time is frequently the independent variable. 

Example: When measuring the speed of a runner over time, time is the    independent variable. Speed is the dependent variable. 
Dependent Variable: This quantity changes as a result of your manipulations and depends on the independent variable. The dependent variable is plotted on the y-axis. 

CONTROL SET-UP 

With a few exceptions, you will need to include a control set-up as well as an experimental set-up in your experimental design.  The control and experimental set-ups are exactly the same except that the control set-up does not contain the independent variable. 

Example: To test the hypothesis that plants grow better in green light than in regular light, the experimental set-up would include plants grown in green light and watered and fertilized in the same way as plants grown in regular light (the control). All other variables, such as type of soil, the amount of humidity, the air temperature, and the light exposure are kept the same for both the experimental set-up and the control set-up. 

REPLICATION

The more times you repeat an experiment and obtain the same results, the more statistically valid are your results. With plant projects you should plan to have at least 24 plants in your experimental group and 24 in your control group. Ideally your whole experiment should be repeated several times.  Most student scientific work produces data samples that are best analyzed using a t distribution (n>30, where n is the number of samples).
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Any experiment that involves hazardous chemicals or procedures will need to be performed under supervision at school or in a professional laboratory. Any project in which microorganisms are isolated from the natural environment requires special safety precautions and must be done at school or in a professional laboratory. Such projects require additional paper work both before and after the experimentation.

CONDUCTING THE EXPERIMENT
Once your literary search is complete, it is the time to perform the experiment. Plan and organize the experiment. Perform the experiment under controlled conditions. Keep careful records in the bound scientific notebook.  The notebook is for your records and notes. If anyone else writes in it, have that person sign and date his or her entry. 

Document everything you do, whether talking to a person about the project, visiting a library for research, or doing the lab work. 

BEFORE YOU START YOUR EXPERIMENT:
Organize all material and equipment to be ready for use as you need them. Organizing your work before starting is important. 
Outline the procedure and make a timeline. An outline of the proposed timeline to complete each part of the experimentation is helpful.  


Can the entire experiment be completed at one time? Are multiple time slots needed for completion of experimentation? If so, what plans need to be made for securing materials between the experimentation sessions? 


What do you need to measure results? Are the measuring devices you are using in metric units? Do you know how to read them? Do the instruments give accurate measurements? 


Do you need other people with you while doing the experimentation?  Have you talked to those people about scheduling an appointment at a time convenient for everyone involved so that the experimentation can be carried out? 

Keep your scientific notebook/log and graph paper handy. Design and set up the tables and graphs you expect to use prior to starting your experimentation. Include units you expect to use on each axis. 

Keep a camera on location. The camera is a useful tool for documenting your project. Have another person take photos of you performing the experiment, and use the camera to record the progress and the results of experimentation. 

Complete all certification forms and compliance forms. Make certain you have completed the Research Plan and all necessary forms for restricted areas before experimentation begins. 

Observe safety rules. Cover safety issues with your teacher and, if appropriate, with the research scientist or lab instructor at a research facility, or both. Do not use any equipment that is unfamiliar to you; learn to use it before beginning the experiment. 
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Make entries in your scientific notebook as you go. Record data, both quantitative and qualitative, in your logbook. Sometimes what appears to be irrelevant or a failure on one day may become important information at a later date. 

Enter measurements in your tables. As you proceed with your project, make certain you include the units and the degree of uncertainty of each measurement based on the exactness of the measuring device. Record your error as a +/-to indicate the amount of uncertainty. 

Make repeated measurements periodically. Some experiments (e.g., plant-growth projects) require repeated measurements over an extended period. Take measurements periodically (e.g., every day at 4:00 PM, every third day at noon) to reduce extraneous variables, and make entries into the log when you make the measurements. 

Repeat the experiment, if necessary. After completing the experiment, you may decide you need to repeat the experiment for accuracy of your results.  You may need to clarify or even alter the hypothesis, redesign the experiment, and get ready to begin again. You may learn more from the process of revision than you learn when all goes "perfectly." Remember, do not discard or remove any data from your scientific notebook/logbook.  These pieces of data often are valuable later. Talk with your teacher, make necessary improvements, and, if necessary, begin the experimentation again. 

When other people make entries or comments in the scientific notebook/logbook. Material put in the scientific notebook/logbook by someone else must be acknowledged clearly, and that person’s signature must be in clear view and dated. 
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ANALYZE THE EXPERIMENTAL DATA
Organize your data. In order to look for any trends in your data you should organize your results in data tables. A computer spreadsheet program such as Excel™ is useful because the program can graph your data from the spreadsheet. 
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Graph your data. 
It is always a good idea to graph your data either on graph paper or using computer software such as Excel™ , Kaleidagraph™ , or Mathcad™ .  Choose from the following types of graphs. line graph bar graph pie graph pictogram histogram scatter plot 

When both variables involve data that is continuous (decimal numbers can, in theory at least, be found) most scientists prefer to use scatter plots. You will be able to infer the “true” shape of the data with this type of graph.  Scatter plots can be line- or curve-fitted. 

Remember that each graph should have axes that are properly calibrated (i.e., each increment should represent the same numerical amount). Be sure to include the entire range of your data in the scales of your axes. The independent variable is plotted on the x-axis, and the dependent variable is plotted on the y-axis. 

Do your data vary directly with x (that is, as x increases, y increases)? Do your data vary inversely with x (that is, as x increases, y decreases)? [image: image12.jpg]Mass (g)
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If your data looks as if it might be describing a line, you can do a best-fit line using a clear plastic ruler or using computer software. The correlation coefficient 

(R) is a measure of how closely your data is fitted. (R=1 means that all datapoints are exactly on the line or curve.) When using a ruler, make sure that you have as many data points above the line as below, and that the distances of the data points to the proposed line on average are minimized. Other kinds of curves can also be fitted using mathematics or computer software. By fitting your data to an appropriate line or curve, you can obtain an equation that describes your data. Predictions can be made from this equation, which can be used to verify your results with further experimentation. 

Compare with accepted values to determine its accuracy. 
MEASURES OF ACCURACY 

Percent Error -If there is an accepted value associated with your data or if other scientists have data with which you can compare your data, the appropriate statistic for this comparison is percent error. This statistic is used to assess the accuracy of your data. 
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ANALYZING ERRORS

Ask yourself these questions:


What were the limitations of your experiment?
How were extraneous variables minimized?
Comment on your percent error. Was this favorable or not favorable?
What went wrong? What went right?
How might you improve your experimental design in future studies?

LOOKING FOR TRENDS AND FORMING A CONCLUSION
Now is the time to look at the results of your experimentation and the analysis of 
your findings. 


Did you collect enough data?
Do you need to collect more data?
Were you variables and control properly designated?
Which variables are important?
How do your results compare with other studies

? (Refer to your background information) 

Do your results seem reasonable? 
Are there any trends in your quantitative/qualitative data?
What might explain these trends? 
How might the results of your work be relevant to society or to other scientists 
working in your field? 

Do you need to do more experimentation?

 Do your results support your hypothesis? If not, why not

? You have done your experimentation to test the hypothesis. 
Ask and answer as many questions about the project as you can. This will help to direct your thoughts and help you to decide whether or not you need to modify,

do retrials, or complete the project at this time. 

Remember one very important thing — keep an open mind about your findings. 

Never change or alter your results to coincide with what you think is accurate or with a suggested theory. Sometimes the greatest knowledge is discovered through so-called mistakes. 

[image: image14.wmf]WRITING THE ABSTRACT 
The abstract is the last part of the project report to be written.  It is written after the project is completed. It is a short summary of your project that informs the reader what the project covered, and what has been accomplished. 

Often the abstract has to conform to a specified space or number of words. Making every word count is very important when you are completing an abstract. 

Only minimal, if any, reference to previous research and experimental work may be included. The abstract focuses on this year's work. It should not include acknowledgments or the work done by a mentor. 

An abstract should include: 

A statement of purpose or a hypothesis. 

The experimental design, descriptive outline of the procedures or methods.
A summary of results. 

Your conclusion. 

Application of the research project, if you have space, and your ideas for future
studies.
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The conclusion should include a summary and analysis of the results and answer the reader's questions of how the results related to the purpose. It should state the relevance or significance of the results and state practical applications of the research to everyday situations. 

Writing, editing, and rewriting to make every word count is a very important part of the abstract-writing process. 

PREPARING YOUR BOARD AND VISUAL DISPLAY
The purpose of the board is to attract and inform. Your visual display should challenge onlookers to want to know more about your project. You might think of yourself as inside your own board, looking out at the onlookers and providing them with enough information to make them want to ask you questions and learn more about your problem. Photographs, graphics, and tables, along with the written text, can do this. A well-thought-out and interesting title can also attract attention. 

Only material from this year’s project can be placed on your board. If your project is a continuing project, a short background statement (1 to 2 paragraphs) can summarize the preceding year’s work as background only. 

You should be proud of your board; it should represent the project in the way you want to represent your work. Neatness, completeness, and clarity are very important. The board and visual display should help you to present your project logically and serve as a prop for you to illustrate what you have done. 

Read the rules that govern what can and cannot be exhibited before you begin.
Pictures can often help you to show what you have used, and thus you do not need a lot of equipment or glassware and chemicals in your display. 

Be creative. Use color combinations that are pleasing to the eye. Arrange the board in several ways before attaching all of your materials. Keep background spaces to a minimum and push them to the outside. However, do not crowd so tightly that everything seems too packed. Keep it simple. Make it easy for the judges and others to assess what you have done. 

Your project title and section headings on your board should be large enough to be easily read from six feet away. The regular text displayed on your board should be readable from a distance of three feet. Although you may be tempted to make your board larger, remember that your board should not be mostly empty space. A smaller size board that is nicely laid out and tells the story is far more attractive than a large on that is not filled. 

Correctly and clearly label graphs, diagrams, and tables. Make certain that the graphs have both axes labeled clearly and accurately. Use photographs to validate and help explain parts of the project that would be difficult to explain, or that would require time to explain. You must obtain informed consents from any people you show in the photographs. Decide if photographs of this type would be better placed in your notebook or a photo album rather than on your board. Also, you must have permission to use pictures from books or other sources. 
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Acknowledgments should be placed on a card beside the board. 

Your name should not be on the front of the board but should be placed on the back of the board. 

Remember, an eye-catching display helps to showcase your project, but your personal presentation is far more important. The board does not need to be expensive. Equipment built by you, construction paper, markers, and poster board can be very effective and inexpensive. 
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Oral Questions

Be ready to explain your project to your teacher. Conclusions, and future applications — are important to relay to the listener. 

Below are some key points to a good presentation. 


Be positive and confident of your work. You have worked hard and know your project better than anyone else. Now present! 

Try not to read from a script. Look interested in what you are doing. The judges or other interested people want to know what you have done and what you have learned. Leave gum and Walkmans and other distracting materials at home during the fair. 

Present your work enthusiastically. Make certain you guide the teacher through your project. Have notebooks and reports in clear view and refer to them in your presentation so that the teacher will understand the amount of time, work, and effort you have invested in your project. 
Answer all questions that you can. If you are not certain of an answer, you might say, “I’m not certain, but I think it might be . . . .” If you do not know the answer, you might give the teacher an idea of how you would find an answer to the question. It is also appropriate to say something like, “That was not part of my research or experimental plan.” You might ask the person if he or she knows and could help you. Use your judges as resources. Sometimes members of the public audience can give helpful suggestions. Note any helpful information in your logbook. 


Incorporate new materials from suggestions into your presentation. Practice again before moving on to another level of competition. 

You may find the process difficult when you start, but every step forward makes the job easier. Many students find this part of the process extremely beneficial for other public speaking situations, job interviews, and college interviews.
