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                              Introduction

     The purpose of the introduction is to acquaint the reader with important background information about your topic so that he/she can understand your project.  It should be a minimum of three well constructed paragraphs which follow an “inverted pyramid” in terms of the information you convey: broad/general to specific.
	Paragraph #1 should present a broad overview of the general topic you are investigating.  If the topic is the effect of candle dye on how fast a candle burns, then a general discussion of the history of candle making, components of candles, and variations of the generic candle should be presented. For the fruit fly lab, you should include what are these flies, why are they used in studies, general information on life cycle and care, how to tell male and female flies apart.
	Paragraph #2 should be more specific to that aspect of your topic that you are interested in.  For instance, if I were interested in the effect of wax dyes on the rate of burn on a candle, this paragraph would detail dyes, associated chemistry if available, information on why a candle burns, and any other relevant information you may find that directly relates to your investigation. For the fly lab, you would discuss the specific factor you are investigating (temperature, acidity, pH or light availability) You would bring in research from your resources that include your topic and gender determination.  These can be about flies or any organism.
	Paragraph #3 should be specific to your exact topic including a statement of the problem you are investigating.  For example, “This project will investigate the relationship of candle dye to rate of burn.” This paragraph should conclude with presenting your hypothesis


The introduction should only contain facts.  No opinions are offered from you.  This is a review of the literature for the purpose of enlightening the reader.  It is written in passive voice.  Remove all “I,” “me,” statements from your writing.  Example: “Candles were first made by….”  “Research on wicks reveals that….” etc.  Avoid all use of unnecessary adjectives.  Stick to the facts, and relate them clearly and logically.  Good technical writing does not include superfluous words.
	Finally, your paper should be supported by a bibliography in APA (not MLA) format.  APA is the science format.  MLA is the English Format.  You will need a minimum of eight references.  You may have no more than one from a general reference such as an encyclopedia.  You may use on-line references, books, periodicals, etc. for the rest. 
 
Text Citation
In the text of your paper, you must indicate the source of your information.  This can be easily accomplished using the following technique in addition to a bibliography at the end of your paper.  After using information or a direct quote, include the following citation in parentheses.

(Author last name, Year of publication)

CREATING A BIBLIOGRAPHY
Bibliographies are used to give credit to those people from whom you got ideas and information.  If you do not do this, you are plagiarizing from them which is illegal.  Any information you learned from another source must be attributed to that source.  For example, much of your “Background Research” will be citations from other people’s work.  Your notebook and project should include a minimum of eight sources.  Your bibliography should be in the APA format (American Psychological Association).  

Examples

Book:  
Author last name, author first name. (Year of publication). Title of Book. City, 
State where published:  Publisher.  

Magazine or Journal:  
Author last name, author first name.  (Year of publication). Title of 
Article. Magazine or Journal Name, Volume(Number), Pages.

Website:  
Author/editor surname, author/editor initial(s). (Year, month and date of last 
update or copyright). Title of the page/document. Month, date and year of 
retrieval, and the URL.

	Noodlebib is a great tool on the Web that will assist you in composing a bibliography in the APA format. Howard High School has a subscription to Noodlebib.  


Visit their website at:  http://www.noodletools.com/login.php.  

DATA ANALYSIS

Take some time to carefully review all of the data that has been collected during the experiment. Use charts and graphs to help analyze the data and patterns. Do the results match with what was expected? What was learned from the experiment. Really think about what has been discovered and use the data to help explain why certain things might have happened.

	Design a data table

  Tube number/type: number of male and female fly offspring by data, and total at the end, convert to percent of males and females for the tube, average for each condition

Ex: Date   Tube       Males    Female  total flies  % Male  % Female   Average % Male -Female
    5-31  1 5% vinegar    73     61       134        54       46                     -----  ----
    6-4   2 5% vinegar    120    95       217        57       43                   55.5    44.5                

	Design a graph

You must make a computer graph.  Create-a-graph is a good tool. http://nces.ed.gov/nceskids/createagraph/default.aspx" http://nces.ed.gov/nceskids/createagraph/default.aspx
*see below for graph details

Statistical analysis of data: you will be doing the Chi-square analysis of your average data for each condition compared to the 50-50 male:female expected ratio.

Calculations and Summarizing Data

Often, it will be necessary to perform calculations on the raw data that was collected in order to get the results from which a conclusion is generated. A spreadsheet program such as Microsoft Excel may be a good way to perform such calculations, and then later the spreadsheet can be used to display the results. Be sure to label the rows and columns and do not forget to include the units of measurement (grams, centimeters, liters, etc.)

Multiple trials should have been performed of the experiment. Think about the way to best summarize your data. In almost ALL cases, students will have to calculate the average for each group of trials and determine the standard deviation of those averages. The standard deviation is the most common means of measuring how widely spread the values in a data set are and thus indicating the validity of the data set. If the data points are close to the mean, then the standard deviation is small. If many data points are far from the mean, then the standard deviation is large. If all the data values are equal, then the standard deviation is zero. In performing these calculations, students should also be mindful of outliers, values that fall will outside of the overall pattern of the data set.
In order to determine whether the data supports the hypothesis or not, further statistical analysis might be necessary.
	Chi-Square and/or T-tests – these tests can be used when attempting to determine the data points of two different groups are significantly different. They could be utilized in the following example:

Example: If individuals eat one cup of oatmeal every morning for a month, then they will have lower blood pressure then individuals that do not eat oatmeal.
Creating Graphs
A good science fair project must have quality data that is organized in such as fashion that trends and relationships can be easily observed. Graphs are an excellent way to accomplish this goal.
Different types of graphs are appropriate for different experiments. These are just a few the possible types of graphs:	
	Pie Charts – show the relationship of parts to the whole (percentages).
Bar Graphs – compare values in a category or between categories. Multiple bar graphs compare relationships of closely related data sets.  These graphs may be used to demonstrate relationships in non-continuous data or data intervals.
Time-series Plot – can be used if the dependent variable is numerical and the independent variable is time. 
XY Line Graphs – shows the relationship between your dependent and independent variables when both are numerical and the dependent variable is a function of the independent variable.
Scatter Plots - might be the proper graph if you are trying to show how two variables MAY be related to one another.
Which ever graph you choose, be sure to include a descriptive title.  For pie charts, create a key for the segments.  For bar and line graphs, be sure to label each axis. Place the independent variable on the X-axis and the dependent variable on the Y-axis.  If you have multiple sets of data, show each series in a different color or symbol and include a legend with clear labels.
You will have a line graph. X-axis is your variable ( temp., pH, concentration of acid, amount of light…)
Your Y-axis is the percent of flies. You will have a line for % male and a line for % females

RESULTS, ERROR ANALYSIS, AND CONCLUSIONS

RESULTS:
This is the section where you will discuss trends in the data.  You discuss facts only. Describe you’re your graph and statistics shows in words as if someone did not see them. You do not offer explanations or opinions….just the fact!
ERROR ANALYSIS:  This is NOT “where you went wrong.”  If you make mistakes in a scientific experiment, you do not go forth and report them to the world!  You go back to the lab and fix them.    Do not report mistakes, fix them!
What you DO need to report, however, is an analysis for the types of errors found in all science work.  These are not mistakes, but rather are sources of inconsistency among
different experiments that can result from a variety of sources.  They generally come in
three flavors:  systematic, measurement, and random (or statistical).  The hard ones to characterize are the systematic errors.
Systematic errors are sources of inconsistency in your experiment that result from the way it was designed or implemented.  These are the ones you have to sit and think of, and are most often the ones that result in scientific findings being retracted or invalidated.  No experiment can control all possible variables, but we generally list these in our reports so that (1) we can assess how much they might affect the validity of our result, and (2) other scientists will know we considered them even if they are not explicitly controlled for.  This promotes thinking of new ways around such problems in future experiments.
In the case of a person measuring the growth of 40 plants in four groups receiving different amounts of water, the following systematic errors might occur:  
	Some plants are always in the shade of others, and therefore grow more slowly but not because they have less water; 

some plants have harder soil and the water may evaporate before it gets absorbed even though the experimenter poured the same amount of water in each; 
air currents around the plants evaporate more water from one area than another; 
some plants receive more artificial light than others; 
plant food or organic material may have settled to the bottom of the watering container and always be more concentrated on some plants than on others
the measuring cup used for watering may be calibrated incorrectly;
the soils may have differing chemical makeup and consistencies;
water may stick to the sides of the measuring cup, giving a greater percentage error to the plants receiving less water than to those receiving the most.

Many times you will discover systematic errors you had not thought of as you do your experiment.  This is part of the learning process in real science labs, and the important thing is to note these errors in your lab notebook and put them in your report.  Of course, if you can fix them and still complete the experiment that would be best, but you still want to note that they affected the first part differently from after your correction.
Measurement errors result from the limitation in precision of your measuring instruments.  General scientific practice is to go to the precision of the markings on the measuring device, then estimate one decimal place further.  ALL experiments will have measurement errors – your job is to report them correctly based on the tools you use.  In the plant example there are measurement errors (uncertainties) associated with the water, the plant height or leaf size, depth seeds were planted, and amount of soil per pot.
Random (or statistical) errors result from many processes in nature being inherently random.  Using the plant example from above, some seeds may be healthier than others; some may respond better to lower water levels through some genetic variation; some may sprout naturally taller plants; some may respond differently to the soil; etc.  These errors cannot be eliminated, but are typically reduced by using a large sample size.  The more random error an experiment is subject to, the more data is generally necessary.  Some MTH science teachers have major experience in this area!

                 CONCLUSIONS

This is the section in which you discuss whether or not you supported your hypothesis and discuss why. A common conclusion is that the experiment “suggests a correlation between [the variables], but is statistically inconclusive.”  This is OK, and usually points to the need to do additional experiments or to re-run the experiment with a much larger data set.  Here you will state whether your hypothesis was supported or not supported.
Don’t get yourself in trouble by saying you “proved” something.  This you cannot do in science.  The best we scientists can do is support a hypothesis or a theory with more and more evidence. 
In order to support your conclusion, you should discuss the statistical analysis of the data and whether the results agree or disagree with previous work (connect to research conducted at the beginning of the project). The discussion should also include an adequate error analysis. The conclusion typically ends by identifying the importance of the results and any notable applications.

WRITING AN ABSTRACT

The abstract is a very concise summary of your entire project, and should in no circumstance exceed 250 words (most of your abstracts will be 150 words or less).  It must include:

	your hypothesis 

a brief explanation of your experimental procedure
a brief overview of your results
your conclusion
applications where appropriate.  


Abstracts should be written in past tense, passive voice, and you should not include graphs or tables.  One way to organize your writing would be to have the first sentence or two introduce the problem investigated and your working hypothesis, with a possible rationale for doing the project.  Following this would be a very brief review of the procedure you followed in the investigation.  This is a summary and is not even close to the level of detail used in your procedure section – it should not exceed two or three sentences.  Next you should summarize the numerical results of the investigation, interpret the data and draw conclusions.  Finally, you would include any applications, extensions, or special significance of the research worth mentioning.  
One of the most common problems with student abstracts is the lack of numerical data in the abstract.  To summarize numerical results, give only the “bottom line” values that educated readers would be interested in – for example, “the candles kept at 10ºC burned 38±5 seconds longer than those at 20ºC.”  Too much data detracts from the readability of the abstract, while none at all causes one to question the scientific validity of the project.  The conclusion should also be very brief and highly relevant – don’t add extra “fluff” to make it sound good. 

ORDER OF THE FINAL PAPER

When you finish your science fair project you will have a final paper with all of the following parts.  Each part is completed individually and at the end they are brought together into one final paper.  When you construct your final paper follow the following order:

1. TITLE PAGE: Keep the title short. If accuracy requires more than a few words, consider using a very brief main title and a more definitive subtitle.  Also on this page have your name, your teacher’s name, the class, and the date.  

2. ABSTRACT: This is a very brief condensation of the entire report summarizing the objectives of the project, what you did, and your conclusions.  Maximum is 250 words, but most student’s will be more like 150 words.

3. INTRODUCTION: Describe your topic and give the necessary background so that an average person could understand your project.  Identify why you wanted to study this subject.  

4. PROBLEM AND HYPOTHESIS:  This should be a clear statement of the problem and your working hypothesis, separate from the introduction.  Your hypothesis is your guess of what your research findings will be.

5. MATERIALS AND METHODS: List in detail the materials, equipment, and methods (the procedure) you used. Use diagrams and drawings as needed.  Provide enough information so that the reader could reproduce the study.

6. DATA TABLE(S) AND GRAPH(S):  Display your data table(s) and graph(s).  

7. RESULTS (a.k.a. ANALYSIS): Write your data table(s) in paragraph form.  Some people like to read data tables and others want to read it in paragraph form.  Your paper will have both options.
 
8. CONCLUSIONS:  Use accepted analytical techniques. Compare your results and interpretations with those of other scientists in the same field where possible. Discuss the utility of your data.  State if the hypothesis is supported or not supported by the data. Identify the sources of error in your project.
LOOKING FORWARD:  Discuss how you would improve your project if you were to do it again.  Discuss applications of your project.  Identify any new questions this project brought up.  

9. BIBLIOGRAPHY: Keep it brief, listing only those books and periodicals that you actually used to write the Introduction.

CONSTRUCTING THE DISPLAY BOARD

	You are required to have a free standing, three sided display no larger then 122 centimeters (48 inches) wide, 274 centimeters (108 inches) high, and 76 centimeters (30 inches) deep. 
A typical arrangement of an investigation on the three-sided display is shown below. 
Problem
Hypothesis
Materials and Methods 
Title
Pictures or illustration of the experiment.

If you have too many data tables or graphs to put on the right wing, then put the main ones here.

It is a good idea to bring in something from your experiment to display in front of your board.
Data Charts
Graphs
Conclusions

    Abstract
Arrangement of Science Project on Three-Sided Display

	Not an art project!  Maximum of 3 colors. ( black and white count as one)

Gender neutral – it should not look like it was made by a particular gender.  For example, avoid the color pink.
Minimum font size of 20. Should be able to read from 2’ away.
The title should be larger font and in center section only.
A list of Materials and Methods should be on your board.
A summary of your conclusion will be on your board.  You want to minimize the amount of reading the judge needs to do.
Photos are very useful to show what you did!
Make sure Data Tables and Graphs are readable and quickly communicate your conclusion.

				


