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Abstract

Consider this the “executive summary” of your entire project.  It should be less than 300 words.  It will state the problem that your project addresses, the hypothesis, any research upon which that hypothesis is based, the experimental design, and any conclusions that can be drawn from the project.

Here are two sample abstracts.  The first one is weak as it merely describes what's in the report.  The second one works much better as it provides details readers need on the report’s results and conclusions.
Weak Abstract
Lamb Production and Survival in Lambing Areas and Summer Ranges of a Bighorn Sheep Population Wintering on Big Creek in Central Idaho 
This report discusses current population trends in Rocky Mountain bighorn sheep (Ovis canadensis) that live in the Big Creek drainage of the Frank Church River of No Return Wilderness.  Concerns exist because of population die offs caused by Pasteurella spp.  Extensive monitoring of the population was completed in the summer of 2001 and compared with data collected from 1988 to 1990.  The report discusses the average number of lambs born in different lambing areas over three different time periods.  The report shows when lambs die.  Conclusions are presented and recommendations for further fieldwork are provided. 
Notes: This abstract is weak because it merely describes what the report covers (like a table of contents).  It does not provide details on the main results or conclusions.
Strong Abstract
Lamb Production and Survival in Lambing Areas and Summer Ranges of a Bighorn Sheep Population Wintering on Big Creek in Central Idaho
The Rocky Mountain bighorn sheep (Ovis Canadensis) population in the Big Creek drainage of the Frank Church River of No Return Wilderness in Central Idaho experienced a sudden and dramatic population decline from 1988 to 1990 as a result of a Pasteurella spp. related die-off.  Extensive monitoring of the population during that period provided information on lamb production and survival during the die-off phase of a Pasturella die-off.  After ten years of minimal monitoring a lamb production, a survival survey was conducted on the Big Creek population during the summer of 2001.  The results of this survey established the average number of lambs: 100 ewes for three different lambing areas across three different time periods.  These were compared to similar data collected during the summers of 1989 and 1990.  Chi-square analysis of the data showed significant differences between total die-off and 2001 ratios (p <.001) but not between lambing areas in each of the die-off and 2001 periods (p >1, p >1, respectively).  Results show a high survival ratio through the beginning of August 2001(avg. 86:100) compared with a significantly lower ratio in August 1989 (avg. 19:100) and August 1990 (avg. 12:100).  This suggests that the 2001 Big Creek bighorn sheep population is not experiencing late-summer Pasteurella mortality.  Rather, mortality is occurring at a different time of the year and continued monitoring is needed to make an accurate determination of the time period and cause. 

Notes: The author summarizes the whole report here.  The author emphasizes the main point and background information, the data/results of the study, and specific conclusions/recommendations that can be made.  This abstract is not better because it's longer; it's better because it's gives useful details.
Introduction

In one paragraph this should concisely introduce the paper that follows.  Think of it as an introduction to a research paper, not as an abstract.  

Include the following:
1. One sentence stating the problem/question being tested.

2. The relevance of your project (e.g., why is it important to society) and discuss this point in detail.

3. A preview of the remaining sections of the paper (e.g., “This paper includes a review of the current research on the topic, detailed explanations of data collection procedures, etc…”)
Literature Review

This section of your paper will summarize the main ideas from all of the research that you have done to support your project.  In the scientific literature, a review acts as a summary of all of the research done on a particular subject up to that point in time.  For example, Arabidopsis thaliana is a type of plant that is very widely used to research the genetics of plants.  Every few years a scientist, or group of scientists, will write a single paper that summarizes the history of the studies surrounding that plant and the new advances being made.  This way, all of the researchers that study A. thaliana can go to one place to see what research has been done and is being done with the plant.  It also functions as a way to discover new sources of information (e.g., researchers and institutions) to which the researchers can go to continue finding information in the future.  A review paper can be thought of as a “who’s who” in a particular field of research.
You are required to write a literature review using at least FIVE sources.  For the purpose of this project, it needs to be approximately three to five pages in length.  Look for three main themes, or topics, within your research area and summarize them in this section.  For example, if one were writing a review of research concerning the use of A. thaliana to study problems in commercial agriculture you could focus on: 1) the basics of plant growth; 2) A. thaliana usefulness as a study organism; and 3) the major problems facing commercial agriculture. 

Statement of Purpose/Hypothesis

After having thoroughly researched your question, you should have some educated guess about how things work.  This educated guess about the answer to your question is called the hypothesis.
The hypothesis must be worded so that it can be tested in your experiment. Do this by expressing the hypothesis using your independent variable (the variable you change during your experiment) and your dependent variable (the variable you observe-changes in the dependent variable depend on changes in the independent variable).  In fact, many hypotheses are stated exactly like this: “If a particular independent variable is changed, then there is also a change in a certain dependent variable.”
Example Hypotheses

· “Raising the temperature of a cup of water will increase the amount of sugar that dissolves.”  In this example, temperature is the independent variable and the amount of sugar is the dependent variable.

· “If a plant receives fertilizer, then it will grow to be taller than a plant that does not receive fertilizer.”  In this example, the presence of fertilizer is the independent variable and plant size is the dependent variable.

· “If I put fenders on a bicycle, then the rider will remain dry when riding through puddles.”  In this example, having fenders or not is the independent variable and the amount of water on the rider is the dependent variable.
Notice that in each of the examples it will be easy to measure the independent variables.  This is another important characteristic of a good hypothesis.  If we can readily measure the variables in the hypothesis, then we say that the hypothesis is TESTABLE. 

Not every question can be answered by the scientific method.  The hypothesis is the key.  If you can state your question as a testable hypothesis, then you can use the scientific method to obtain an answer.

Materials and Methods

Write the materials and methods in sentence format.  A person with no knowledge of your project should be able to pick up your paper and perform your experiment exactly as you did.  They should know precisely what equipment was used, what quantities of substances, brand names, etc.  All numbers at the beginning of a sentence MUST me spelled out.  

Example
Ninety milliliters of solute was added to a 250 mL graduated cylinder.  Next, 4 mL of concentrated 1M HCl was added to the same graduated cylinder to form a solution.  The diluted HCl solution was added to a soil sample of four plants measuring 4 cm each.

Data and Results

This section of your paper will present your experimental findings in detail.  This is NOT the place to offer up explanations of why or how you found what you did.  Data should be presented clearly and in tables and/or graphs if possible.  All tables should have a title and a number, for example “Table 1. Number of bacterial colonies visible each day.”  All graphs should be easily read and have labeled axes (with units), and a key if necessary.  Graphs should be titled as “figures” with numbers that correspond to their order within the text, for example: “Figure 1. The effect of differing durations of light exposure on sunflower height.”   Tables and figures should be numbered independently of each other (Table 1, Table 2, Figure 1, Figure 2, Figure 3, etc).  Each table and/or graph should be referred to in the text of the section, not just left to stand alone. 

Discussion and Analysis of Data

Here is where you should explain how you reached your conclusions.  Describe how you interpreted your data to help tie in your hypothesis and original question.  You should answer the following questions in this section:  

· Does your data adequately answer your question?  
· Is the data obviously conclusive but does not answer your question?  
· Which parts of your data are the most important?  
· Of all the graphs and tables you made, which part is the most significant?   
· What part of your experiment needs to be done differently, or what would you change if you could do this project again?

Conclusions

What is a conclusion?  A conclusion is a reexamination of your original hypothesis in regards to the data you have collected.  Your conclusion will continue by describing how your results support or reject your hypothesis.  Your conclusion included what questions you have developed in doing the experiment.  It also includes how you might change your experiment if you were to continue this topic in order to explore those questions that you developed during the experiment.

Example

My hypothesis was that grass would do a better job at preventing soil erosion on the hillside than shrubs.  I base my hypothesis on the idea that there are more roots in the grass than the shrubs.  The results indicate that this hypothesis was not supported.  The dense amount of shrub cover shielded the underlying dirt better than the grass.  This raises the question as to if different kinds of shrubs have the same effect on preventing erosion.  Future studies should test the effectiveness of both deciduous and coniferous shrubs.
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