Science Fair Calendar 2017-2018
Assignment

 To Do or Read

Google Document (ONLINE)

Due Date

Ask a question.
Find a project idea.
Do project proposal.

 Read “The Scientific Method.” (2-3)
 Read “Your Question." (4-6)

Complete SCIENCE FAIR PROJECT
PROPOSAL FORM (63)

09/15/2017

Do background research.  Read “Background Research Plan.” (12-17)
Collect information.
 Read “Finding Information.” (18-21)

9/22/2017

Construct a hypothesis.

9/22/2017

GDOC: Purpose
GDOC: Background Research
GDOC: Problem
 Read “Variables” (33-38) or "Variables for GDOC: Hypothesis
Beginners" (38) as directed by your teacher. GDOC: Variables
 Read "Hypothesis." (38-40)
 Design an experiment to test your
hypothesis.
 Read "Experimental Procedure." (40-43)
 Read "Materials List.” (43-44)

GDOC: Materials
GDOC: Procedure

9/29/2017

 Read “Laboratory Notebook.” (7-12)
 Read "Conducting an Experiment." (44-47)
 Repeat your experiment at least three
times.
 Read "Data Analysis & Graphs.” (47-50)

GDOC: Pictures
GDOC: Data Tables
GDOC: Graphs

10/13/2017

GDOC: Analysis

10/13/2017

Draw a conclusion.

 Read “Conclusions.” (50-51)

GDOC: Conclusions
GDOC: Applications and Further
Research

10/20/2017

Acknowledgements
Bibliography

GDOC: Acknowledgements
10/27/2017
 Read “Bibliography.” (21-23)
GDOC:
Bibliography
 Read “Writing a Bibliography: APA Format”
(25-28)
Create and assemble your display 10/27/2017
 Read "Display Board." (55-60)
board. (Tri-Fold 36in.x48in.)

Test your hypothesis by
doing an experiment.
Design an experimental
procedure.
Do an experiment.

Analyze your data.

Display Board

Bring your display board
to school.

 Read “Science Fair Judging” (60-62)

Bring your display board to school 11/10/2017
to present your project in the class

Present your project in
science class.

 Read “Science Fair Judging” (60-62)

Write note cards to guide your
presentation.



11/10/2017

Communicate your results: Do only the assignments that your teacher has checked off below.

School Wide Science Fair  Be present at school-wide Science Fair.

Complete abstract.
Final Report.

 Read "Abstract." (53-55)
 Read "Final Report." (52-55)
 Read “Research paper” (28-33)

Bring your laboratory notebook,
and any other display items,
models to school!

12/9/2017

Write your abstract.
Compile your final report.
Complete the Final Report
Checklist.

Only if qualify to
the Regional
Science Fair (TBA)

Science Fair Project Guide
Getting Started




The Scientific Method (2)
Your Question (4)
Laboratory Notebook (7)

Doing Background Research





Background Research Plan (12)
Finding Information (18)
Bibliography (21)
Research Paper (28)

Constructing a Hypothesis




Variables (33)
Variables for Beginners (38)
Hypothesis (38)
Testing Your Hypothesis by Doing an Experiment




Experimental Procedure (40)
Materials List (43)
Conducting an Experiment (44)

Analyzing Your Data and Drawing a Conclusion



Data Analysis & Graphs (47)
Conclusions (50)

Communicating Your Results





Final Report (52)
Abstract (53)
Display Board (55)
Science Fair Judging (60)
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Getting Started
THE SCIENTIFIC METHOD
What is the Scientific Method?






The scientific method is a process for experimentation that is used to explore observations and answer questions.
Does this mean all scientists follow exactly this process? No. Some areas of science can be more easily tested than
others. For example, scientists studying how stars
change as they age or how dinosaurs digested their
food cannot fast-forward a star's life by a million years
or run medical exams on feeding dinosaurs to test
their hypotheses. When direct experimentation is not
possible, scientists modify the scientific method. In
fact, there are probably as many versions of the
scientific method as there are scientists! But even
when modified, the goal remains the same: to
discover cause and effect relationships by asking
questions, carefully gathering and examining the
evidence, and seeing if all the available information
can be combined in to a logical answer.
Even though we show the scientific method as a series
of steps, keep in mind that new information or
thinking might cause a scientist to back up and repeat
steps at any point during the process. A process like
the scientific method that involves such backing up
and repeating is called an iterative process.
Whether you are doing a science fair project, a
classroom science activity, independent research, or
any other hands-on science inquiry understanding the
steps of the scientific method will help you focus your
scientific question and work through your observations and data to answer the question as well as possible.

Steps of the Scientific Method

Detailed Help for
Each Step

Ask a Question: The scientific method starts when you ask a question about something
that you observe: How, What, When, Who, Which, Why, or Where?
For a science fair project some teachers require that the question be something you can
measure, preferably with a number.

Your Question

Do Background Research: Rather than starting from scratch in putting together a plan for
answering your question, you want to be a savvy scientist using library and Internet
research to help you find the best way to do things and insure that you don't repeat
mistakes from the past.

Background
Research Plan
Finding
Information
Bibliography
Research Paper
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Steps of the Scientific Method

Detailed Help for
Each Step

Construct a Hypothesis: A hypothesis is an educated guess about how things work. It is an
attempt to answer your question with an explanation that can be tested. A good
hypothesis allows you to then make a prediction:
"If _____[I do this] _____, then _____[this]_____ will happen."
State both your hypothesis and the resulting prediction you will be testing. Predictions
must be easy to measure.

Variables
Variables for
Beginners
Hypothesis

Test Your Hypothesis by Doing an Experiment: Your experiment tests whether your
prediction is accurate and thus your hypothesis is supported or not. It is important for
your experiment to be a fair test. You conduct a fair test by making sure that you change
only one factor at a time while keeping all other conditions the same.
You should also repeat your experiments several times to make sure that the first results
weren't just an accident.

Experimental
Procedure
Materials List
Conducting an
Experiment

Analyze Your Data and Draw a Conclusion: Once your experiment is complete, you collect
your measurements and analyze them to see if they support your hypothesis or not.
Scientists often find that their predictions were not accurate and their hypothesis was not
supported, and in such cases they will communicate the results of their experiment and
then go back and construct a new hypothesis and prediction based on the information
they learned during their experiment. This starts much of the process of the scientific
method over again. Even if they find that their hypothesis was supported, they may want
to test it again in a new way.

Data Analysis &
Graphs
Conclusions

Communicate Your Results: To complete your science fair project you will communicate
your results to others in a final report and/or a display board. Professional scientists do
almost exactly the same thing by publishing their final report in a scientific journal or by
presenting their results on a poster or during a talk at a scientific meeting. In a science
fair, judges are interested in your findings regardless of whether or not they support your
original hypothesis.

Final Report
Abstract
Display Board
Science Fair
Judging



Throughout the process of doing your science fair project, you should keep a journal containing all of your
important ideas and information. This journal is called a laboratory notebook. Read Laboratory Notebook
section.
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YOUR QUESTION
Your Science Fair Project Question
Finding an Idea for Your Science Fair Project
One of the most important considerations in picking a topic for your science fair project is to find a subject that you
consider interesting. You will be spending a lot of time on it, so you do not want your science fair project to be about
something that is boring.
We know that finding a topic is the hardest part of a science fair project, and sometimes you just need a little help focusing
on what sorts of topics would be of interest to you. To help you find a science fair project idea that can hold your interest,
Science Buddies has developed the Topic Selection Wizard. By answering a series of questions about everyday interests and
activities, you will help us identify an area of science that is best for you. If your teacher has assigned a specific area of
science (like "biology" or "earth science") for your science fair, you can also browse our whole library of projects by subject.
If you are coming up with your own topic, or have a topic idea from somewhere else, be sure to look at our list of Science
Fair Topics to Avoid. Steering clear of these will ensure you have a high-quality science fair project that is easier to
complete!

Your Science Fair Project Question
Once you have chosen a topic of interest, you will need to create a related scientific question. Without a good question,
your whole science fair project will be much harder, if not impossible! It is important to select a question that is going to be
interesting to work on for at least a few weeks and that is specific enough to allow you to find the answer with a simple
experiment. A scientific question usually starts with: How, What, When, Who, Which, Why, or Where. Here are some
characteristics of a good science fair project question:




The question should be interesting enough to read about, then work on for the next few weeks.
There should be at least three sources of written information on the subject. You want to be able to build on the
experience of others!
The question should contain one factor (variable) that you can change in your experiment and at least one factor
(variable) that you can measure.

Now, for something like a science fair project, it is important to think ahead. This will save you a lot of stress and
unhappiness later. Visualize the experiment you might perform to answer your question. How does that possible
experiment stack up against the following issues?









The experiment should measure changes to the important factors (variables) using a number that represents a
quantity such as a count, percentage, length, width, weight, voltage, velocity, energy, time, etcetera. Or, just as
good might be an experiment that measures a factor (variable) that is simply present or not present. For example,
lights on in one trial, then lights off in another trial, or use fertilizer in one trial, then do not use fertilizer in another
trial. If you cannot observe or measure the results of your experiment, you are not doing science!
You must be able to control other factors that might influence your experiment, so that you can do a fair test. A
"fair test" occurs when you change only one factor (variable) and keep all other conditions the same.
Is your experiment safe to perform?
Do you have all the materials and equipment you need for your science fair project, or will you be able to obtain
them in a reasonable amount of time at a cost that is okay for your family?
Do you have enough time to do your experiment before the science fair? For example, most plants take weeks to
grow. If you want to do a project on plants, you need to start very early! For most experiments you will want to
allow enough time to do a practice run in order to work out any problems in your procedures.
Does your science fair project meet all the rules and requirements for your science fair?
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Have you avoided the bad science fair projects listed in the Science Fair Topics to Avoid table in this project guide?

If you do not have good answers for these issues, then you probably should look for a better science fair project question to
answer.
Keep in mind that science fair projects that involve human subjects, vertebrate animals (animals with a backbone) or animal
tissue, pathogenic agents, DNA, or controlled or hazardous substances, often need approval from your science fair's
Scientific Review Committee beforehand. Check with your teacher or the science fair coordinator for rules specific to your
science fair. You can also read more about common science fair rules on our Scientific Review Committee page.

Examples
These are examples of good science fair project questions:







How does water purity affect surface tension?
When is the best time to plant soy beans?
Which material is the best insulator?
How does arch curvature affect load carrying strength?
How do different foundations stand up to earthquakes?
What sugars do yeast use?

These are examples of bad science fair project topics that you should avoid:

Science Project Topics to Avoid

Why

Any topic that boils down to a simple
preference or taste comparison. For
example, "Which tastes better: Coke or
Pepsi?"

Such experiments do not involve the kinds of numerical
measurements you want in a science fair project. They are more
of a survey than an experiment.

Most consumer product testing of the
"Which is best?" type. This includes
comparisons of popcorn, bubblegum,
makeup, detergents, cleaning products,
and paper towels.

These projects only have scientific validity if the investigator fully
understands the science behind why the product works and
applies that understanding to the experiment. While many
consumer products are easy to use, the science behind them is
often at the level of a graduate student in college.

Any topic that requires people to recall
things they did in the past.

The data tends to be unreliable.

Effect of colored light on plants.

Several people do this project at almost every science fair. You
can be more creative!

5

Science Project Topics to Avoid

Why

Effect of music or talking on plants.

Difficult to measure.

Effect of running, music, video games, or
almost anything on blood pressure.

The result is either obvious (the heart beats faster when you run)
or difficult to measure with proper controls (the effect of music).

Effect of color on memory, emotion,
mood, taste, strength, etcetera.

Highly subjective and difficult to measure.

Any topic that requires measurements
that will be extremely difficult to make or
repeat, given your equipment.

Without measurement, you cannot do science.

Graphology or handwriting analysis.

Questionable scientific validity.

Astrology or ESP.

No scientific validity.

Any topic that requires dangerous, hardto-find, expensive, or illegal materials.

Violates the rules of virtually any science fair.

Any topic that requires drugging, pain, or
injury to a live vertebrate animal.

Violates the rules of virtually any science fair.

Any topic that creates unacceptable risk
(physical or psychological) to a human
subject.

Violates the rules of virtually any science fair.

Any topic that involves collection of tissue
samples from living humans or vertebrate
animals.

Violates the rules of virtually any science fair.
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Download Science Fair Project Proposal Form (https://www.sciencebuddies.org/science-fairprojects/project_proposal_form.pdf)

LABORATORY NOTEBOOK
Keep a Great Science or Engineering Project Laboratory Notebook
Whether you are a research scientist, an engineer, or a first-time science fair student, you should use a lab notebook to
document your science investigations, experiments, and product designs. A lab notebook is an important part of any
research or engineering project. Used properly, your lab notebook contains a detailed and permanent account of every step
of your project, from the initial brainstorming to the final data analysis and research report. Many science projects require a
number of steps and multiple trials. By recording the steps of your procedure, your observations, and any questions that
arise as you go, you create a record of the project that documents exactly what you did and when you did it. With a
complete record of the project in your lab notebook, you can look back at your notes later if a question arises or if you
decide to pursue a related project based on something you observed. Similarly, writing down your product design ideas,
engineering challenges, and product testing data will help you keep track of all of your ideas, what you have already tried,
and how well a particular design performed.
Keeping a lab notebook is easy! The most important thing to do is to "use" your lab notebook. (Click the "Using a Lab
Notebook" tab for specific tips, techniques, and reminders.)

Figure 1. There are many styles of lab notebooks available for students, professionals, and research teams.

Choosing a Laboratory Notebook
There are many kinds of lab notebooks available, ranging from official lab notebooks to makeshift notebooks. The following
table offers a summary of different types of notebooks and notes regarding for which users each type works best.

Types of Lab
Notebooks

Bound
composition

Description

A bound spine (not spiral binding) makes it difficult for pages to
be easily torn out and lost. Hard covers make the book even
more durable, but a soft or cardboard cover will work too.

Recommended For




Students: K-5
Students: Middle
school
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Types of Lab
Notebooks

notebook

Official
laboratory
notebook

Description

Recommended For

Composition books are easy to find at local stores and are
inexpensive.

Official lab notebooks often include useful and convenient
features like a designated area for creating a table of contents
and numbered pages for easy cross-referencing. Official
laboratory notebooks may also include quick reference
materials like the periodic table, metric conversions, or an
amino acid codon table. With high-quality, hard-to-tear paper,
these notebooks are generally rugged and designed to stand up
to lots of handling.









Duplicate style
lab notebook

Duplicate style lab notebooks are a subset of the official lab
notebooks style with the added feature of carbonless duplicate
sets. This format is ideal for keeping the originals and giving
copies to research partners or a teacher.

Electronic lab
notebook

Lab notebooks can also be kept using software or an online
tool. Electronic lab notebooks are simple to organize and make
it easy to share data with other scientists (or a teacher).
Electronic lab notebooks are becoming more common in the
professional world and for citizen science collaborations but
are not yet common for science and engineering fairs. Students
should check with their teachers before using this lab notebook
method.









Students: K-5
Students: Middle
school
Students: High
school and
beyond
Citizen scientists

Research teams:
K-12 and beyond
Citizen scientists
Lab partners
Teachers and
students

Research teams:
K-12 and beyond
Citizen scientists
Teachers and
students

While nice, an official lab notebook is not always necessary. A bound notebook or standard composition book will often
work. Look for a notebook with lined or graph-paper style pages and a stiff cover. Do not choose an ordinary spiral-bound
notebook. The pages are too easy to rip out and lose, especially if the notebook has perforated pages!

Getting Started with Your Science Laboratory Notebook
Once you have selected a lab notebook, the following tips and techniques will help you get started keeping an organized,
well-maintained lab notebook for your science or engineering project:
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1.

2.

3.

4.

Label your lab notebook. Put your name, your teacher's name (if it applies), and some form of contact
information, like an email address or phone number, in a prominent location, like the inside cover. If you
accidentally leave the lab notebook behind or lose it, someone will be able to reach you if the notebook is found. If
your notebook will be used for a single science or engineering project, also label the notebook with the project
title and the year.
Use ink. Make your lab notebook entries in pen, not in pencil. Using a smudge-proof pen may reduce the risk of
smears. If you make a mistake in your lab notebook, simply cross out the error and write in the necessary
correction.
Number the pages. Numbering the pages of your lab notebook helps keep your notebook organized. You can use
these numbers to set up an index or table of contents or to cross-reference earlier observations within your lab
notebook. If the pages of your lab notebook are not already numbered, you may want to number them before you
begin using the lab notebook.
Create a table of contents. To quickly go back and find information in your lab notebook, it helps to create a table
of contents. The traditional way (used by professional scientists and engineers) is to create a Table of Contents as
you go. Label the first page "Table of Contents," and then as you work on the project, enter important pages in the
Table of Contents. For example, when you begin your Experimental Procedure, you might note "Trial 1, Page 10" in
the Table of Contents so you can quickly find your notes at a later date.
If you find this method too confusing, and your teacher allows, you can create tabs for the different sections of
your science project. This optional approach may help you keep your notes and records organized. Your sections
will vary based on your science or engineering project, and you may find that your class assignment or the steps of
the scientific or engineering method can help you determine the sections you will use. The following table shows
a sampleset of sections that might appear in a student science project lab notebook. In this sample, the student
has used tabs to mark the various divisions of the lab notebook and recorded the color of each tab in the Table of
Contents for easy reference.

Table of Contents

Tab color

Page #

Timeline

Red

1

Background Research

Blue

20

Materials

Green

26

Experimental Setup

Yellow

35

Data and Results

Purple

40

Data Analysis and Conclusions

Orange

50
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5.

6.

7.

Date your entries. Always date your lab notebook entries. Even if your entry is very short, adding a date helps you
track when you took certain steps or made certain observations. Your lab notebook will be a sequential record of
your project, so the dates are important.
No blank pages. Your lab notebook entries should be entered consecutively, starting at the front of the notebook.
When making entries, do not skip pages. (If you are using sections, as outlined above, do not skip pages within a
section when making a new entry.) Scientists and researchers often cross out unused sections of a page so that
nothing can be added later that might alter or confuse the data originally recorded.
Be brief. While some entries in your lab notebook may require in-depth notes, many of your entries will be short
and concise. Full sentences are not required! Every scientist develops her own style of recordkeeping. What is
important is that you record enough information so that you fully understand the notes you've made and so that
the notes contains all important or necessary details. Looking back at an entry, even months later, it should be
clear to youexactly what you did or documented on that day. It should also be clear to your teacher or another
scientist or engineer!

Figure 2. The lab notebook page above records weekly
observations made during a composting investigation
over a period of several weeks. The entries are short, but
each is dated, the observations are clear, and important
data has been recorded in each entry.

8.
9.

Keep it legible. Your lab notebook entries should be easy to read, but do not worry if the entries are not perfectly
neat or if you make a mistake.
No loose papers. Be sure to secure loose papers in your lab notebook with glue, tape, or staples. Unsecured items
(including sticky notes) may fall out or be damaged. If there are digital materials you want to include in your lab
notebook, you may find it helpful to print them at a reduced size and then glue or tape them into the notebook.

Figure 3. It is important to secure all items in your lab notebook so
that nothing is lost. In the lab notebook shown above, small, loose
papers have been taped in place.

10. Do not remove pages. If something is wrong on a page, or if you discover
an accidental blank page, simply put a large "x" through the area or page,
signaling that it should be ignored. Do not tear pages out.
11. Keep it with you. You want to record every single detail of your science or
engineering project in your lab notebook, so you need to make sure you
have it with you at all times, especially when you are in the lab, working
on your procedure, doing research, or collecting data. Do not take the chance that you will remember all of the
details to record at a later date. You also do not want to make a habit or recording data on scraps of paper and
entering them in the lab notebook after the fact. Loose papers are easily lost. Keep the lab notebook with you and
make your entries on the spot.
12. Do it every day. Get in the habit of starting a new entry as soon as you go to the lab or begin working on your
science project for the day, even if you are only taking a quick measurement or doing a visual check. Write down
the date and then record what you do. As you get in a routine of documenting your research and experiment every
day, using your lab notebook will become an important part of how you navigate a science or engineering project!
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Keeping Track of Your Science or Engineering Project
Now that you have a lab notebook and an understanding of organizational strategies that can help you make the most of
your lab notebook, it is time to start recording your science or engineering project. What should you include? Everything!
Your lab notebook should be used from the beginning of your project and should reflect all phases of your project (and all
steps of the scientific or engineeringmethod. Someone looking at your lab notebook should be able to follow your steps
through the science or engineering project, from beginning to end. In your lab notebook, you want to document and
include the following kinds of information:






Project planning. As you plan your science project, use your lab notebook to capture the questions you hope to
investigate, your hypothesis, and yourvariables.
Research. Record your background research, noting sources you use (including URLs or bibliographic data).
Summarize articles and publications you review (or plan to review) during your background research, any
interviews you conduct, and notes related to feedback, suggestions, or troubleshooting you receive from a teacher
or mentor. This information will make compiling your bibliography much easier!
Materials. Document the materials you use (including specific brands, quantities, and costs).
Experimental procedure. Record all details related to your experimental design, setup, and procedure. As you
begin your experiment, document your steps, trials, and observations. Be sure and clearly note any modifications
you make and any problems you encounter, including any mistakes. Even if it seems trivial or inconsequential, you
should write it down.

Figure 4. The lab notebook entry shown above records an unexpected problem the student encountered with a
plant biology project. The student's notes record steps the student took to troubleshoot the experimental setup.



Data collection. Your data is critical to your science project and to the conclusions you will draw at the end of the
project. As you gather data, be careful to accurately enter all numbers, measurements, temperatures, calculations,
or other data. It is best to enter all data directly in your lab notebook. If you have data logged electronically, keep
a list of log dates and file names and tape or glue printed copies into your lab notebook when possible.

Figure 5. The photo above shows photosynthetic data from oak seedlings that have been recorded in a lab
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notebook (left). Related data files were also stored electronically on a computer. A list of file names were
entered in the lab notebook (right).



Visual records. Diagrams and charts can be very important in helping you record your science or engineering
project. When appropriate, draw a figure in your lab notebook to visually record an aspect of your project. Be sure
to date and label, or annotate, the drawing.

Figure 6. The photos above show a lab notebook sketch that documents sample points inside shade tents (left)
and a schematic record of different ages of tree branches that were sampled during an experiment (right).

A Successful Laboratory Notebook
Make entering notes about your project in your lab notebook a routine part of your science project. When it is time to put
your final presentation together, you will be glad for the time you spent documenting your project in your lab notebook! An
organized and well-maintained lab notebook may impress teachers and science fair judges, and if you are asked questions
about specific steps of your project, you will have the information at hand!

Doing Background Research
BACKGROUND RESEARCH PLAN
Key Info
Background research is necessary so that you know how to design and understand your experiment. To make a background
research plan — a roadmap of the research questions you need to answer — follow these steps:
1.
2.

Identify the keywords in the question for your science fair project. Brainstorm additional keywords and concepts.
Use a table with the "question words" (why, how, who, what, when, where) to generate research questions from
your keywords. For example:
What is the difference between a series and parallel circuit?
When does a plant grow the most, during the day or night?
Where is the focal point of a lens?
How does a java applet work?
Does a truss make a bridge stronger?
Why are moths attracted to light?
Which cleaning products kill the most bacteria?
Throw out irrelevant questions.
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3.
4.
5.

Add to your background research plan a list of mathematical formulas or equations (if any) that you will need to
describe the results of your experiment.
You should also plan to do background research on the history of similar experiments or inventions.
Network with other people with more experience than yourself: your mentors, parents, and teachers. Ask them:
"What science concepts should I study to better understand my science fair project?" and "What area of science
covers my project?" Better yet, ask even more specific questions.

Why the Need for Background Research?
So that you can design an experiment, you need to research what techniques and equipment might be best for investigating
your topic. Rather than starting from scratch, savvy investigators want to use their library and Internet research to help
them find the best way to do things. You want to learn from the experience of others rather than blunder around and
repeat their mistakes. A scientist named Mike Kalish put it humorously like this: "A year in the lab can save you a day in the
library."
Background research is also important to help you understand the theory behind your experiment. In other words, science
fair judges like to see that you understand why your experiment turns out the way it does. You do library and Internet
research so that you can make a prediction of what will occur in your experiment, and then whether that prediction is right
or wrong, you will have the knowledge to understand what caused the behavior you observed.

Making a Background Research Plan: How to Know What to Look For
When you are driving a car there are two ways to find your destination: drive around randomly until you finally stumble
upon what you're looking for OR look at a map before you start. (Which way do your parents drive?)
Finding information for your background research is very similar. But, since libraries and the Internet both contain millions
of pages of information and facts, you might never find what you're looking for unless you start with a map! To avoid
getting lost, you need a background research plan.

Keywords

The place to start building your background research plan is with the question for your science fair project (see, we did that
first for a reason). Let's imagine that you have asked this one:
Question: Does drinking milk help decrease spiciness better than water or Pepsi?
Begin by identifying the keywords and main concepts in your question. In this case keywords would be:





Milk
Spiciness
Pepsi
Water

That's pretty easy! Now, what might be some of the main concepts that relate to these keywords? Let's think about
spiciness first. You're going to do a science experiment, so knowing that a spicy food tastes "hot" is probably not sufficient.
Hmmmm, this is a little tougher than finding the keywords.
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Question Words Table
The secret is to use the "question words" (why, how, who, what, when, where) with your keywords. Ask why things happen,
ask how things happen, ask what causes things to happen, ask what are the properties of key substances. Filling in a little
table can help. Let's do it for our keyword spiciness:

Question
Word

Fill Your Keywords (or Variations on Your
Keywords) into the Blanks
These are just samples to get you thinking; there
are always many more questions and the most
important ones for your project may not be in the
list!

Possible Questions for
Background Research

Relevant?

Why

Why does ________ happen?
Why does ________ ________?

Why does spiciness
happen?
Why do spicy foods taste
hot?

How

How does ________ happen?
How does ________ work?
How does ________ detect ________?
How does one measure ________?
How do we use _________?

How does the tongue
detect spiciness?
How does one measure
spiciness?

Yes
Yes

Who

Who needs ________?
Who discovered ________?
Who invented ________?

Who needs spiciness?

No

What

What causes ________ to increase (or decrease)?
What is the composition of _________?
What are the properties and characteristics of
________?
What is the relationship between _______ and
________?
What do we use ________ for?

What causes spiciness to
increase (or decrease)?
What are the properties
and characteristics of spicy
substances?

Yes
Yes

When

When does ________ cause ________?
When was _______ discovered or invented?

When does spiciness cause
upset stomachs?

No

No
Yes

14

Question
Word

Where

Fill Your Keywords (or Variations on Your
Keywords) into the Blanks
These are just samples to get you thinking; there
are always many more questions and the most
important ones for your project may not be in the
list!

Where does ________ occur?
Where do we use ________?

Possible Questions for
Background Research

Where in the body does
spiciness occur?

Relevant?

Yes

Those look like pretty good questions to research because they would enable us to make some predictions about an
experiment. But what's that column in the table called "Relevant?"
You can always find more information to research, but some questions just don't have anything to do with the experiment
you will define and perform. Questions that will help you design and understand your experiment are called relevant.
Questions that will not help you design and understand your experiment are calledirrelevant. Our table of question words
is a great way to generate ideas for your background research, but some of them will be irrelevant and we just throw those
out. Some of those irrelevant questions might be very interesting to you; they just don't belong as part of your science fair
project. We have to focus our efforts on what we feel is most important, or another way of looking at it, let's not spend
time researching anything we don't need to. (I'm sure you have other things you'd like to do, too!)
For a good example of how the question word table can generate irrelevant questions, let's just look at some possible
questions if we fill out the table for another one of our sample keywords: milk.








Why does milk happen?
How does milk happen?
Who needs milk?
What causes milk to increase (or decrease)?
What is milk composed of?
What are the properties and characteristics of milk?
Where does milk occur?

If we research every one of those questions we'll be studying farms, cows, cow udders, baby cows, and what cows eat. Holy
flying cows! That information is definitely irrelevant to our science fair project question: Does drinking milk help decrease
spiciness better than water or Pepsi?
Even so, in that crazy list of cow science, there are two questions that look relevant for your background research:



What is milk composed of?
What are the properties and characteristics of milk?

Sometimes you won't be sure whether a question is relevant or not, and that's always a good time to get the opinion of
more experienced people like your mentors, parents, and teachers. In fact, the background research plan is a very
important step of your science fair project and two or three heads are always better than one! Even with all that help, you
may not be sure whether something is relevant until after you have done your experiment, so don't let it bother you if
that's the case.
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Talk to People with More Experience: Networking
As you can see with the two above examples, spiciness and milk, the question word table will work better for some
keywords than others. You might have a science fair project question where none of the keywords generate relevant
questions. Yikes! What do you do then?
One of the most important things you can do is talk to other people with more experience than yourself: your mentors,
parents, and teachers. This is called "networking." Some of these people will have had classes or work experience that
involved studying the science involved in your project. Ask them, "What science concepts should I study to better
understand my project?" Better yet, be as specific as you can when asking your question. Even experts will look puzzled if
you ask a question that is so generic it leaves them pondering where to start. Instead of asking, "How do airplanes fly," try
asking, "What physical forces are involved in the flight of an airplane," or "What role do propellers play in the flight of a
helicopter?" (After all, there's gotta be something that causes that hunk of metal to go up, right?)
For example, let's imagine your science fair project question is: Does the velocity of a roller coaster car affect whether it
falls off a loop? If you ask someone who has studied physics in high school or college, they will tell you to ask the research
question, "What is centripetal force?"
Sometimes there is even a specialized area of science that studies questions similar to the one for your science fair project.
Believe it or not, there are actually people who study "roller coaster physics." (Is that a cool job or what?) Often a good
topic for your background research is simply the specialized area of science that covers your project. For the roller coaster
example you would research "roller coaster physics."
How do you find the area of science that covers your project? You guessed it, network with your mentors, parents, and
teachers. And by the way, networking is something many adults don't expect students to be very good at, so you can
probably surprise them by doing a good job at it! The very best networkers, of course, enjoy the spoils of victory. In other
words, they get what they want more quickly, efficiently, and smoothly.
The reality is we have all networked at some point in our lives. Remember how you "networked" with your mom to buy you
that cool water gun, or "networked" with your grandpa to buy you that video game you always wanted? Well, now you are
"networking" for knowledge (which is a very good thing to network for, by the way). Train yourself to become a good
networker, and you might just end up with a better science fair project (and don't forget that you'll get a little smarter too
in the process). So take our advice: work hard, but network harder.

Sample Background Research Plan
Background research plan for the science fair project question: Does drinking milk help decrease spiciness better than
water or Pepsi?
Keywords —





Milk
Spiciness
Pepsi
Water

Research questions —




Why do spicy foods taste hot?
How does the tongue detect spiciness?
How does one measure spiciness?
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What causes spiciness to increase (or decrease)?
What are the properties and characteristics of spicy substances?
Where in the body does spiciness occur?
What is the composition of milk, Pepsi, and water?
What are the properties and characteristics of milk, Pepsi, and water?

Science concepts and/or areas of science —


Taste buds
Download: Background Research Plan Worksheet (http://www.sciencebuddies.org/science-fairprojects/project_background_research_worksheet.pdf)

Background Research Plan Checklist
What Makes a Good Background Research Plan?

For a Good Background
Research Plan, You Should
Answer "Yes" to Every Question

Have you identified all the keywords in your science fair project question?

Yes / No

Have you used the question word table to generate research questions?

Yes / No

Have you thrown out irrelevant questions?

Yes / No

Will the answers to your research questions give you the information you
need to design an experiment and predict the outcome?

Yes / No

Do one or more of your research questions specifically ask about any
equipment or techniques you will need to perform an experiment? (if
applicable)

Yes / No

If you are doing an engineering or programming project, have you included
questions from Engineering & Programming Project Tips?

Yes / No
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FINDING INFORMATION
Key Info



Most teachers will require you to find at least three sources of information.
How to find information:
o



Find and read the general information contained in an encyclopedia, dictionary, or textbook for each of
your keywords.
o Use the bibliographies and sources in everything you read to find additional sources of information.
o Search periodical indexes at your local library.
o Search the Internet to get information from an organization, society or online database.
o Broaden your search by adding words to your search phrases in search engines. Narrow your search by
subtracting words from or simplifying your search phrases.
When you find information, evaluate if it is good information:

Good References

Bad References

Come from a credible source

Come from a source with poor credibility

Not too old

Out of date

Not biased

Not objective and fair, biased towards one point of
view

Free of errors

Prone to errors

Properly cite the original source of all information

Do not cite where the information came from

Easy for other people to find or obtain

Difficult for others to obtain

How to Find Information
No matter how you do your background research, record your sources and take good notes as you go. Your teacher may be
able to offer you some tips.
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Library Research
One of the most valuable resources at the library is not a book, but a person. Public librarians, college librarians and
certified school librarians are specially trained to teach information literacy. Librarians are excellent sources for organizing
research, for teaching how to search, how to read and use citations, how to narrow down web searches, and how to
winnow out the good from the bad. Many public libraries also have virtual reference services, where a client can online
chat, email or talk on the phone with a reference librarian. So, be smart; talk to your librarian.
Often the best place to start your background research is by looking up your keywords in an encyclopedia, dictionary, or
textbook. Your library may have specialized dictionaries for different topics like science, sports, music, and so on, which
offer more complete information than a regular dictionary. Ask your reference librarian to help you.
"Read the background information and note any useful sources (books, journals, magazines, etc.) listed in the bibliography
at the end of the encyclopedia article or dictionary entry. The sources cited in the bibliography are good starting points for
further research.... By using this technique of routinely following up on sources cited in bibliographies, you can generate a
surprisingly large number of books and articles on your topic in a relatively short time" (Engle 2003).
You can also check the subject headings of books and articles as you look them up in the library catalog. Check to see if
other books in the same subject area contain relevant information.
Periodicals are printed material like magazines and newspapers. Depending on your topic, they may also contain useful
information. You can look up your keywords in a printed index such as the Reader's Guide to Periodical Literature, which
covers popular magazines. Your library may have a number of periodical indexes in both printed and online forms. Check
with your reference librarian.
One little-known fact about public libraries is that they often pay for online resources that are generally inaccessible to the
public. Using computers at the library, or sometimes by logging on at home with your library card number, you can gain
access to information unattainable in any other way.
In addition, branch libraries are part of a larger library system. Although your neighborhood library may be physically tiny, it
has access to all the resources of the whole city or county library system. Interlibrary loans of books and documents is also
possible. Many libraries have loan agreements with other libraries out of county, out of state or out of country. Tell your
librarian the book you want and he or she can probably obtain it for you.

Internet Research
There are two primary ways to search for information on the Internet. The first is to use a search engine such as Google or
Yahoo!:



http://www.google.com
http://www.yahoo.com

Search engines try to index everything on the Internet. The second way to search is using a subject portal. Subject portals
list just a small portion of the information on the Internet, but the sites listed have been checked for relevance. Two
popular subject portals are:



Librarians' Index to the Internet
WWW Virtual Library

You can begin by entering your keywords one at a time to search for information in search engines and subject portals;
however, this will probably bring up too much irrelevant information. See "Finding Too Much or Too Little Information"
below for how to improve your search results.
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If you want some advanced tips on using the Internet to find information, here are two good sites. There is valuable
information here even for people who think that they are good at Internet searching.



http://www.lib.berkeley.edu/TeachingLib/Guides/Internet/FindInfo.html A tutorial offered by the Teaching
Library at the University of California at Berkeley.
Librarians' Index to the Internet: Internet Guides and Search Tools. Check out the tips in "Internet Searching."

To do an internet search for books containing information about a specific science fair project, the Science Fair Project
Index (developed by the Akron Summit Public Library) is a great place to start. The Index is designed to allow the user to
locate a particular experiment by the general topic; by keywords in the experiment title or book information; by grade level;
by the materials or equipment employed; or by the principle demonstrated.


http://www.akronlibrary.org/scifair/

Before you begin Internet research, review the Science Buddies Internet Safety Guide with your parents. This guide offers
many important tips to help you stay safe online, such as:





Email addresses, user account names, and screen names should never include your name, birthday, name of your
school, or any combination of personally identifiable information.
Don't assume blogging is private. It's possible for search engines to pick up the information you post. If you publish
photos or links to private websites on your blog, you also reduce your level of protection. Check out your blog
host's setting options to find out if you can turn off some of these features, and be cautious of what you post on
your blog.
Never allow a stranger to join a buddy list, a chat, or an IM conversation.

Finding Too Much or Too Little Information
If you are finding too much information, for example pages and pages of irrelevant hits on Google or a periodical index, you
need to narrow your search. You can narrow your search by borrowing some of the terms in your research questions. For
example, let's imagine that searching on "milk" brings up too much irrelevant information about cows. Here are the
research questions we listed having to do with milk:



What is the composition of milk, Pepsi, and water?
What are the properties and characteristics of milk, Pepsi, and water?

Try searching on:



milk composition
milk properties characteristics

This will narrow your search, and hopefully give your more relevant results.
If you aren't finding enough information, you need to simplify your search. Let's imagine that searching on "measuring
spiciness" isn't finding what you want. Try searching on:




measure spiciness
spiciness
spice

Most online search engines and periodical guides have instructions about how to narrow and broaden searches. Read the
instructions! (Sorry, do we sound like your teacher?) Here are some places to find additional information:


http://www.google.com/help/refinesearch.html This is where Google talks about how to improve your searches.
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Librarians' Index to the Internet: Internet Guides and Search Tools (http://lii.org/pub/topic/netsearch). Check out
the tips in "Internet Searching."

Too Complicated or Too "Babyish" Information
Sometimes the information you find will be relevant, but either too complicated given your science background or too
babyish. This is a problem that we all experience. Just keep looking and ask for advice if you're really stuck.

Your Goal
Never forget, the goal of your searching is to find information to answer the research questions you asked about your topic.
Don't stop looking until you have sources that will answer your questions! Be sure to ask for help from mentors, parents,
and teachers if you're having trouble.

A Checklist for Evaluating References
What Makes a Good Reference?

For a Good Reference, You
Should Answer "Yes" to Every
Question

Does your reference come from a credible source?

Yes / No

Is your reference current?

Yes / No

Is your reference objectively written, not biased towards one
point of view?

Yes / No

Is your reference free of errors?

Yes / No

Does your reference properly cite its original sources?

Yes / No

Is the reference easy for other people to find or obtain?

Yes / No

BIBLIOGRAHY
Key Info


Make a list to keep track of ALL the books, magazines, and websites you read as you follow your background
research plan. Later this list of sources will become your bibliography.



Most teachers want you to have at least three written sources of information.



Write down, photocopy, or print the following information for each source you find. You can use the Science
Buddies Bibliography Worksheet to help you.
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Collect this information for each printed source:











author name
title of the publication (and the title of the
article if it's a magazine or encyclopedia)
date of publication
the place of publication of a book
the publishing company of a book
the volume number of a magazine or printed
encyclopedia
the page number(s)

Collect this information for each Web Site:







author and editor names (if available)
title of the page (if available)
the company or organization who posted the
webpage
the Web address for the page (called a URL)
the last date you looked at the page

The bibliographic information for different types of resources are located in different places, so you may need to
do some detective work to get all of the information for your bibliography. Try looking in these places:
o
o
o
o
o
o

the title page of a book, encyclopedia or dictionary
the heading of an article
the front, second, or editorial page of the newspaper
the contents page of a journal or magazine
the header (at the top) or footer (at the bottom) of a Web site
the About or the Contact page of a Web site



When it is time to turn in your Bibliography, type all of your sources into a list. Use the examples in MLA Format
Examples or APA Format Examples as a template to insure that each source is formatted correctly.



List the sources in alphabetical order using the author's last name. If a source has more than one author,
alphabetize using the first one. If an author is unknown, alphabetize that source using the title instead.

Overview
A bibliography is a listing of the books, magazines, and Internet sources that you use in designing, carrying out, and
understanding your science fair project. But, you develop a bibliography only after first preparing a background research
plan — a road map of the research questions you need to answer. Before you compose your bibliography, you will need to
develop your background research plan.
With your background research plan in hand, you will find sources of information that will help you with your science fair
project. As you find this information it will be important for you to write down where the sources are from. You can use
the Bibliography Worksheet to help you, just print out a few copies and take them with you to the library. As you find a
source, write in all of the necessary information. This way, when you are typing your bibliography you won't need to go
back to the library and find any missing information. The more information you write down about your source, the easier it
will be for you to find if you want to read it again.
When you are writing your report, you will use the sources in your bibliography to remind you of different facts and
background information you used for your science fair project. Each time you use some information from a source, you will
need to cite the source that it came from. To cite a source, simply put the author's name and the date of the publication in
parentheses (Author, date) in your text. If the person reading your report wants to find the information and read more
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about it, they can look up the reference in your bibliography for more detail about the source. That is why each source you
use must be listed in a detailed bibliography with enough information for someone to go and find it by themselves.
Your bibliography should include a minimum of three written sources of information about your topic from books,
encyclopedias, and periodicals. You may have additional information from the Web if appropriate.

Examples of Bibliography Formats
There are standards for documenting sources of information in research papers. Even though different journals may use a
slightly different format for the bibliography, they all contain the same basic information. The most basic information that
each reference should have is the author's name, the title, the date, and the source.
Different types of sources have different formatting in the bibliography. In American schools, the two most commonly used
guidelines for this formatting are published by the MLA (Modern Language Association) and the APA (American
Psychological Association).

Writing a Bibliography: MLA Format
Below are standard formats and examples for basic bibliographic information recommended by the Modern
Language Association (MLA). For more information on the MLA format, see http://www.mla.org/style_faq.

Basics
Your list of works cited should begin at the end of the paper on a new page with the centered title, Works Cited.
Alphabetize the entries in your list by the author's last name, using the letter-by-letter system (ignore spaces and
other punctuation.) If the author's name is unknown, alphabetize by the title, ignoring any A, An, or The.
For dates, spell out the names of months in the text of your paper, but abbreviate them in the list of works cited,
except for May, June, and July. Use either the day-month-year style (22 July 1999) or the month-day-year style
(July 22, 1999) and be consistent. With the month-day-year style, be sure to add a comma after the year unless
another punctuation mark goes there.

Underlining or Italics?
When reports were written on typewriters, the names of publications were underlined because most typewriters
had no way to print italics. If you write a bibliography by hand, you should still underline the names of publications.
But, if you use a computer, then publication names should be in italics as they are below. Always check with your
instructor regarding their preference of using italics or underlining. Our examples use italics.

Hanging Indentation
All MLA citations should use hanging indents, that is, the first line of an entry should be flush left, and the second
and subsequent lines should be indented 1/2".

Capitalization, Abbreviation, and Punctuation
The MLA guidelines specify using title case capitalization - capitalize the first words, the last words, and all
principal words, including those that follow hyphens in compound terms. Use lowercase abbreviations to identify
the parts of a work (e.g., vol. for volume, ed. for editor) except when these designations follow a period. Whenever
possible, use the appropriate abbreviated forms for the publisher's name (Random instead of Random House).
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Separate author, title, and publication information with a period followed by one space. Use a colon and a space
to separate a title from a subtitle. Include other kinds of punctuation only if it is part of the title. Use quotation
marks to indicate the titles of short works appearing within larger works (e.g., "Memories of Childhood." American
Short Stories). Also use quotation marks for titles of unpublished works and songs.

MLA Format Examples
Books
Format:
Author's last name, first name. Book title. Additional information. City of publication: Publishing company,
publication date.
Examples:
Allen, Thomas B. Vanishing Wildlife of North America. Washington, D.C.: National Geographic Society, 1974.
Boorstin, Daniel J. The Creators: A History of the Heroes of the Imagination. New York: Random, 1992.
Hall, Donald, ed. The Oxford Book of American Literacy Anecdotes. New York: Oxford UP, 1981.
Searles, Baird, and Martin Last. A Reader's Guide to Science Fiction. New York: Facts on File, Inc., 1979.
Toomer, Jean. Cane. Ed. Darwin T. Turner. New York: Norton, 1988.

Encyclopedia & Dictionary
Format:
Author's last name, first name. "Title of Article." Title of Encyclopedia. Date.
Note: If the dictionary or encyclopedia arranges articles alphabetically, you may omit volume and page numbers.
Examples:
"Azimuthal Equidistant Projection." Merriam-Webster's Collegiate Dictionary. 10th ed. 1993.
Pettingill, Olin Sewall, Jr. "Falcon and Falconry." World Book Encyclopedia. 1980.
Tobias, Richard. "Thurber, James." Encyclopedia Americana. 1991 ed.
Levinson, David, and Melvin M. Ember, eds. Encyclopedia of Cultural Anthropology. 4 vols. New York: Henry Holt,
1996. Print.

Magazine & Newspaper Articles
Format:
Author's last name, first name. "Article title." Periodical title Volume # Date: inclusive pages.
Note: If an edition is named on the masthead, add a comma after the date and specify the edition.
Examples:
Hall, Trish. "IQ Scores Are Up, and Psychologists Wonder Why." New York Times 24 Feb. 1998, late ed.: F1+.
Kalette, Denise. "California Town Counts Down to Big Quake." USA Today 9 21 July 1986: sec. A: 1.
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Kanfer, Stefan. "Heard Any Good Books Lately?" Time 113 21 July 1986: 71-72.
Trillin, Calvin. "Culture Shopping." New Yorker 15 Feb. 1993: 48-51.

Website or Webpage
Format:
Author's last name, first name (if available). "Title of work within a project or database." Title of site, project, or
database. Editor (if available). Electronic publication information (Date of publication or of the latest update, and
name of any sponsoring institution or organization). Date of access and <full URL>.
Note: If you cannot find some of this information, cite what is available.
Examples:
Devitt, Terry. "Lightning injures four at music festival." The Why? Files. 2 Aug. 2001. 23 Jan. 2002
<http://whyfiles.org /137lightning/index.html>.
Dove, Rita. "Lady Freedom among Us." The Electronic Text Center. Ed. David Seaman. 1998. Alderman Lib., U
of Virginia. 19 June 1998 <http://etext.lib.virginia.edu /subjects/afam.html>.
Lancashire, Ian. Homepage. 28 Mar. 2002. 15 May 2002 <http://www.chass.utoronto.ca:8080 /~ian/>.
Levy, Steven. "Great Minds, Great Ideas." Newsweek 27 May 2002. 10 June 2002 <http://www.msnbc.com
/news/754336.asp>

Writing a Bibliography: APA Format
Below are standard formats and examples for basic bibliographic information recommended by the American
Psychological Association (APA). For more information on the APA format, see http://www.apastyle.org.

Basics
Your list of works cited should begin at the end of the paper on a new page with the centered title, References.
Alphabetize the entries in your list by the author's last name, using the letter-by-letter system (ignore spaces and
other punctuation.) Only the initials of the first and middle names are given. If the author's name is unknown,
alphabetize by the title, ignoring any A, An, or The.
For dates, spell out the names of months in the text of your paper, but abbreviate them in the list of works cited,
except for May, June, and July. Use either the day-month-year style (22 July 1999) or the month-day-year style
(July 22, 1999) and be consistent. With the month-day-year style, be sure to add a comma after the year unless
another punctuation mark goes there.

Underlining or Italics?
When reports were written on typewriters, the names of publications were underlined because most typewriters
had no way to print italics. If you write a bibliography by hand, you should still underline the names of publications.
But, if you use a computer, then publication names should be in italics as they are below. Always check with your
instructor regarding their preference of using italics or underlining. Our examples use italics.
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Hanging Indentation
All APA citations should use hanging indents, that is, the first line of an entry should be flush left, and the second
and subsequent lines should be indented 1/2".

Capitalization, Abbreviation, and Punctuation
The APA guidelines specify using sentence-style capitalization for the titles of books or articles, so you should
capitalize only the first word of a title and subtitle. The exceptions to this rule would be periodical titles and proper
names in a title which should still be capitalized. The periodical title is run in title case, and is followed by the
volume number which, with the title, is also italicized.
If there is more than one author, use an ampersand (&) before the name of the last author. If there are more than
six authors, list only the first one and use et al. for the rest.
Place the date of publication in parentheses immediately after the name of the author. Place a period after the
closing parenthesis. Do not italicize, underline, or put quotes around the titles of shorter works within longer
works.

APA Format Examples
Books
Format:
Author's last name, first initial. (Publication date). Book title. Additional information. City of publication: Publishing
company.
Examples:
Allen, T. (1974). Vanishing wildlife of North America. Washington, D.C.: National Geographic Society.
Boorstin, D. (1992). The creators: A history of the heroes of the imagination. New York: Random House.
Nicol, A. M., & Pexman, P. M. (1999). Presenting your findings: A practical guide for creating tables. Washington,
DC: American Psychological Association.
Searles, B., & Last, M. (1979). A reader's guide to science fiction. New York: Facts on File, Inc.
Toomer, J. (1988). Cane. Ed. Darwin T. Turner. New York: Norton.

Encyclopedia & Dictionary
Format:
Author's last name, first initial. (Date). Title of Article. Title of Encyclopedia (Volume, pages). City of publication:
Publishing company.
Examples:
Bergmann, P. G. (1993). Relativity. In The new encyclopedia britannica (Vol. 26, pp. 501-508). Chicago:
Encyclopedia Britannica.
Merriam-Webster's collegiate dictionary (10th ed.). (1993). Springfield, MA: Merriam-Webster.
Pettingill, O. S., Jr. (1980). Falcon and Falconry. World book encyclopedia. (pp. 150-155). Chicago: World Book.
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Magazine & Newspaper Articles
Format:
Author's last name, first initial. (Publication date). Article title. Periodical title, volume number(issue number if
available), inclusive pages.
Note: Do not enclose the title in quotation marks. Put a period after the title. If a periodical includes a volume
number, italicize it and then give the page range (in regular type) without "pp." If the periodical does not use
volume numbers, as in newspapers, use p. or pp. for page numbers.
Note: Unlike other periodicals, p. or pp. precedes page numbers for a newspaper reference in APA style.
Examples:
Harlow, H. F. (1983). Fundamentals for preparing psychology journal articles. Journal of Comparative and
Physiological Psychology, 55, 893-896.
Henry, W. A., III. (1990, April 9). Making the grade in today's schools. Time, 135, 28-31.
Kalette, D. (1986, July 21). California town counts town to big quake. USA Today, 9, p. A1.
Kanfer, S. (1986, July 21). Heard any good books lately? Time, 113, 71-72.
Trillin, C. (1993, February 15). Culture shopping. New Yorker, pp. 48-51.

Website or Webpage
Format:
Online periodical:
Author's name. (Date of publication). Title of article. Title of Periodical, volume number, Retrieved month day,
year, from full URL
Online document:
Author's name. (Date of publication). Title of work. Retrieved month day, year, from full URL
Note: When citing Internet sources, refer to the specific website document. If a document is undated, use "n.d."
(for no date) immediately after the document title. Break a lengthy URL that goes to another line after a slash or
before a period. Continually check your references to online documents. There is no period following a URL.
Note: If you cannot find some of this information, cite what is available.
Examples:
Devitt, T. (2001, August 2). Lightning injures four at music festival. The Why? Files. Retrieved January 23, 2002,
from http://whyfiles.org/137lightning/index.html
Dove, R. (1998). Lady freedom among us. The Electronic Text Center. Retrieved June 19, 1998, from Alderman
Library, University of Virginia website: http://etext.lib.virginia.edu/subjects/afam.html
Note: If a document is contained within a large and complex website (such as that for a university or a
government agency), identify the host organization and the relevant program or department before giving the URL
for the document itself. Precede the URL with a colon.
Fredrickson, B. L. (2000, March 7). Cultivating positive emotions to optimize health and well-being. Prevention &
Treatment, 3, Article 0001a. Retrieved November 20, 2000, from
http://journals.apa.org/prevention/volume3/pre0030001a.html
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GVU's 8th WWW user survey. (n.d.). Retrieved August 8, 2000, from
http://www.cc.gatech.edu/gvu/usersurveys/survey1997-10/
Health Canada. (2002, February). The safety of genetically modified food crops. Retrieved March 22, 2005, from
http://www.hc-sc.gc.ca/english/protection/biologics_genetics/gen_mod_foods/genmodebk.html
Hilts, P. J. (1999, February 16). In forecasting their emotions, most people flunk out. New York Times. Retrieved
November 21, 2000, from http://www.nytimes.com
Download: Bibliography Worksheet (http://www.sciencebuddies.org/science-fairprojects/project_bibliography_worksheet.pdf)

Bibliography Checklist
What Makes a Good Bibliography?

For a Good Bibliography,
You Should Answer "Yes"
to Every Question

Have you included at least 3 sources of written information on your
subject? (If you include Web pages, they should be in addition to the
written sources.)

Yes / No

Have you included complete information to identify each of your sources
(author's name, the title, the date, and where it was published)?

Yes / No

Have you used the proper format for each of your sources? Most
teachers prefer the MLA or APA formats.

Yes / No

Is your Bibliography in alphabetical order, by author's last name?

Yes / No

Do you have sources of information to answer all of your research
questions?

Yes / No

RESEARCH PAPER
Key Info


As you do your research, follow your background research plan and take notes from your sources of information.
These notes will help you write a better summary.



The purpose of your research paper is to give you the information to understand why your experiment turns out
the way it does. The research paper should include:
o

The history of similar experiments or inventions
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o
o
o

Definitions of all important words and concepts that describe your experiment
Answers to all your background research plan questions
Mathematical formulas, if any, that you will need to describe the results of your experiment



For every fact or picture in your research paper you should follow it with a citation telling the reader where you
found the information. A citation is just the name of the author and the date of the publication placed in
parentheses like this: (Author, date). This is called a reference citation when using APA format and parenthetical
reference when using the MLA format. Its purpose is to document a source briefly, clearly, and accurately.



If you copy text from one of your sources, then place it in quotation marks in addition to following it with a
citation. Be sure you understand and avoid plagiarism! Do not copy another person's work and call it your own.
Always give credit where credit is due!



Most teachers want a research paper to have these sections, in order:
o
o
o
o

Title page (with the title of your project, your name, and the date)
Your report
Bibliography
Check with your teacher for additional requirements such as page numbers and a table of contents

Overview
Year after year, students find that the report called the research paper is the part of the science fair project where they
learn the most. So, take it from those who preceded you, the research paper you are preparing to write is super valuable.

What Is a Research Paper?
The short answer is that the research paper is a report summarizing the answers to the research questions you generated in
your background research plan. It's a review of the relevant publications (books, magazines, websites) discussing the topic
you want to investigate.
The long answer is that the research paper summarizes the theory behind your experiment. Science fair judges like to see
that you understand why your experiment turns out the way it does. You do library and Internet research so that you can
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make a prediction of what will occur in your experiment, and then whether that prediction is right or wrong, you will have
the knowledge to understand what caused the behavior you observed.
From a practical perspective, the research paper also discusses the techniques and equipment that are appropriate for
investigating your topic. Some methods and techniques are more reliable because they have been used many times. Can
you use a procedure for your science fair project that is similar to an experiment that has been done before? If you can
obtain this information, your project will be more successful. As they say, you don't want to reinvent the wheel!
If these reasons sound to you like the reasons we gave for doing background research, you're right! The research paper is
simply the "write-up" of that research.

Special Information to Include in Your Research Paper
Many science experiments can be explained using mathematics. As you write your research paper, you'll want to make sure
that you include as much relevant math as you understand. If a simple equation describes aspects of your science fair
project, include it.

Writing the Research Paper
Note Taking
As you read the information in your bibliography, you'll want to take notes. Some teachers recommend taking notes on
note cards. Each card contains the source at the top, with key points listed or quoted underneath. Others prefer typing
notes directly into a word processor. No matter how you take notes, be sure to keep track of the sources for all your key
facts.

How to Organize Your Research Paper
The best way to speed your writing is to do a little planning. Before starting to write, think about the best order to discuss
the major sections of your report. Generally, you will want to begin with your science fair project question so that the
reader will know the purpose of your paper. What should come next? Ask yourself what information the reader needs to
learn first in order to understand the rest of the paper. A typical organization might look like this:





Your science fair project question or topic
Definitions of all important words, concepts, and equations that describe your experiment
The history of similar experiments
Answers to your background research questions

When and How to Footnote or Reference Sources
When you write your research paper you might want to copy words, pictures, diagrams, or ideas from one of your sources.
It is OK to copy such information as long as you reference it with a citation. If the information is a phrase, sentence, or
paragraph, then you should also put it in quotation marks. A citation and quotation marks tell the reader who actually
wrote the information.
For a science fair project, a reference citation (also known as author-date citation) is an accepted way to reference
information you copy. Citation referencing is easy. Simply put the author's last name, the year of publication, and page
number (if needed) in parentheses after the information you copy. Place the reference citation at the end of the sentence
but before the final period.
Make sure that the source for every citation item copied appears in your bibliography.
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Reference Citation Format
Type of Citation

Parenthetical Reference
MLA Format (Author - page)

Reference Citation
APA Format (Author date)*

Work by a single author

(Bloggs 37)

(Bloggs, 2002)

Direct quote of work by single author

(Bloggs 37)

(Bloggs, 2002, p. 37)

Work by two authors

(Bloggs and Smith 37)

(Bloggs & Smith, 2002)

Work by three to five authors
(first time)

(Kernis, Cornell, Sun, Berry, and
Harlow 183-185)

(Kernis, Cornell, Sun,
Berry, & Harlow, 1993)

Work by three to five authors
(subsequent times)
Work by six or more author

(Kernis et al., 1993)

(Harris et al. 99)

Two or more works by the same author
in the same year (use lower-case letters
to order the entries in bibliography)

(Harris et al., 2001)

(Berndt, 1981a)
(Berndt, 1981b)

Two or more works by the same author

(Berndt, Shortened First Book Title
221) then
(Berndt, Shortened 2nd Book Title
68)

Two or more works in the same
parentheses

(Berndt 221; Harlow 99)

(Berndt, 2002; Harlow,
1983)

Authors with same last name

(E. Johnson 99)

(E. Johnson, 2001; L.
Johnson, 1998)

Work does not have an author, cite the
source by its title

(Book Title 44) or
(Shortened Book Title 44)

(Book Title, 2005) or
("Article Title", 2004)

Work has unknown author and date

("Article Title", n.d.)

* APA Note: If you are directly quoting from a work, you will need to include the author, year of publication, and
the page number for the reference (preceded by "p.").
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Examples of Reference Citations using APA Format
Below are examples of how reference citations would look in your paper using the APA format.
"If you copy a sentence from a book or magazine article by a single author, the reference will look like this. A comma
separates the page number (or numbers) from the year" (Bloggs, 2002, p. 37).
"If you copy a sentence from a book or magazine article by more than one author, the reference will look like this" (Bloggs
& Smith, 2002, p. 37).
"Sometimes the author will have two publications in your bibliography for just one year. In that case, the first publication
would have an 'a' after the publication year, the second a 'b', and so on. The reference will look like this" (Nguyen, 2000b).
"When the author is unknown, the text reference for such an entry may substitute the title, or a shortened version of the
title for the author" (The Chicago Manual, 1993).
"For reference citations, only direct quotes need page numbers" (Han, 1995).
"Some sources will not have dates" (Blecker, n.d.).

Credit Where Credit Is Due!
When you work hard to write something, you don't want your friends to loaf and just copy it. Every author feels the same
way.
Plagiarism is when someone copies the words, pictures, diagrams, or ideas of someone else and presents them as his or her
own. When you find information in a book, on the Internet, or from some other source, you MUST give the author of that
information credit in a citation. If you copy a sentence or paragraph exactly, you should also use quotation marks around
the text.
The surprising thing to many students is how easy it is for parents, teachers, and science fair judges to detect and prove
plagiarism. So, don't go there, and don't make us try to hunt you down!

Research Paper Checklist

What Makes a Good Research Paper?

For a Good
Research Paper,
You Should Answer
"Yes" to Every
Question

Have you defined all important terms?

Yes / No

Have you clearly answered all your research questions?

Yes / No

Does your background research enable you to make a prediction of what will
occur in your experiment? Will you have the knowledge to understand what
causes the behavior you observe?

Yes / No
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What Makes a Good Research Paper?

For a Good
Research Paper,
You Should Answer
"Yes" to Every
Question

Have you included all the relevant math that you understand?

Yes / No

Have you referenced all information copied from another source and put any
phrases, sentences, or paragraphs you copied in quotation marks?

Yes / No

If you are doing an engineering or programming project, have you defined your
target user and answered questions about user needs, products that meet
similar needs, design criteria, and important design tradeoffs?

Yes / No

Constructing a Hypothesis
VARIABLES
What are Variables?
Scientists try to figure out how the natural world works. In doing so, they use experiments to search for cause and effect
relationships. Cause and effect relationships explain why things happen and allow you to reliably predict what will happen
if you do something. In other words, scientists design an experiment so that they can observe or measure if changes to one
thing cause something else to vary in a repeatable way.
The things that are changing in an experiment are called variables. A variable is any factor, trait, or condition that can exist
in differing amounts or types. An experiment usually has three kinds of variables: independent, dependent, and controlled.
The independent variable is the one that is changed by the scientist. Why just one? Well, if you changed more than one
variable it would be hard to figure out which change is causing what you observe. For example, what if our scientific
question was: "How does the size of a dog affect how much food it eats?"; then, during your feeding experiments you
changed both the size of the dog and the time of day the dogs were fed. The data might get a bit confusing— did the larger
dog eat less food than the smaller dog because of his size or because it was the middle of the day and dogs prefer to eat
more in the morning? Sometimes it is impossible to just change one variable, and in those cases, scientists rely on morecomplicated mathematical analysis and additional experiments to try to figure out what is going on. Older students are
invited to read more about that in our Experimental Design for Advanced Science Projects page. To be clear though, for a
science fair, it is usually wise to have only one independent variable at a time. If you are new to doing science projects and
want to know the effect of changing multiple variables, do multiple tests where you focus on one independent variable at a
time.
The dependent variables are the things that the scientist focuses his or her observations on to see how they respond to the
change made to the independent variable. In our dog example, the dependent variable is how much the dogs eat. This is
what we are observing and measuring. It is called the "dependent" variable because we are trying to figure out whether its
value depends on the value of the independent variable. If there is a direct link between the two types of variables
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(independent and dependent) then you may be uncovering a cause and effect relationship. The number of dependent
variables in an experiment varies, but there can be more than one.
Experiments also have controlled variables. Controlled variables are quantities that a scientist wants to remain constant,
and she must observe them as carefully as the dependent variables. For example, in the dog experiment example, you
would need to control how hungry the dogs are at the start of the experiment, the type of food you are feeding them, and
whether the food was a type that they liked. Why? If you did not, then other explanations could be given for differences
you observe in how much they eat. For instance, maybe the little dog eats more because it is hungrier that day, maybe the
big dog does not like the dog food offered, or maybe all dogs will eat more wet dog food than dry dog food. So, you should
keep all the other variables the same (you control them) so that you can see only the effect of the one variable (the
independent variable) that you are trying to test. Similar to our example, most experiments have more than one controlled
variable. Some people refer to controlled variables as "constant variables."
In the best experiments, the scientist must be able to measure the values for each variable. Weight or mass is an example
of a variable that is very easy to measure. However, imagine trying to do an experiment where one of the variables is love.
There is no such thing as a "love-meter." You might have a belief that someone is in love, but you cannot really be sure, and
you would probably have friends that do not agree with you. So, love is not measurable in a scientific sense; therefore, it
would be a poor variable to use in an experiment.

Examples of Variables
Question

Independent
Variable
(What I change)

Dependent Variables
(What I observe)

Controlled Variables
(What I keep the same)




How much
water flows
through a
faucet at
different
openings?

Does heating
water allow it
to dissolve
more sugar?

Water faucet
opening
(closed, half
open, fully
open)

Temperature of
the water
measured in
degrees Celsius

Amount of water flowing,
measured in liters per minute

"Different water pressure might
also cause different amounts of
water to flow and different
faucets may behave differently, so
to ensure a fair test, I want to
keep the water pressure and the
faucet the same for each faucet
opening that I test."



Amount of sugar that dissolves
completely, measured in
grams

The faucet
Water pressure, or how much
the water is "pushing"

Stirring
Type of sugar

"More stirring might also increase
the amount of sugar that
dissolves, and different sugars
might dissolve in different
amounts, so to ensure a fair test I
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Question

Independent
Variable
(What I change)

Dependent Variables
(What I observe)

Controlled Variables
(What I keep the same)

want to keep these variables the
same for each cup of water."



Does fertilizer
make a plant
grow bigger?

Amount of
fertilizer,
measured in
grams





Growth of the plant,
measured by its height
Growth of the plant,
measured by the
number of leaves
See Measuring Plant
Growth for more ways
to measure plant
growth.








"The many variables above can
each change how fast a plant
grows, so to ensure a fair test of
the fertilizer, each of them must
be kept the same for every pot."



Does an
electric motor
turn faster if
you increase
the voltage?

Voltage of the
electricity,
measured in
volts

Speed of rotation, measured
in revolutions per minute
(RPMs)

Same type of fertilizer
Same pot size for each plant
Same plant type in each pot
Same type and amount of soil
in each pot
Same amount of water and
light
Make measurements of
growth for each plant at the
same time

Same motor for every test
The motor should be doing
the same work for each test
(turning the same wheel,
propeller, or whatever)

"The work that a motor performs
has a big impact on its speed, so to
ensure a fair test, I must keep that
variable the same."

Time as an Example of an Independent Variable
In some experiments, time is what causes the dependent variable to change. The scientist simply starts the process, then
observes and records data at regular intervals.
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Question

How fast does
a candle burn?

Independent
Variable
(What I change)

Time measured,
in minutes

Dependent Variables
(What I observe)

Height of candle, measured in
centimeters, at regular intervals of
time (for example, every 5 minutes)

Controlled Variables
(What I keep the same)



Use same type of
candle for every test
Wind—make sure
there is none



The Independent Variable for Surveys and Tests of Different Groups
When a scientist performs a test or survey on different groups of people or things, those groups define the independent
variable. For example:

Question

Who listens to music
the most: Teenagers or
their parents?

Independent Variable
(What I change)

Groups receiving the
survey: Teenagers or
parents

Dependent Variables
(What I observe)

Amount of time that each
person listens to music per
day, measured in hours

Controlled Variables
(What I keep the same)

Ask the question in
exactly the same way
to each individual

Either/Or (Binary) Variables
Sometimes a variable simply represents an either/or (binary) condition. For example, something might be either present or
not present during an experiment.

Question

Is a classroom
noisier when the

Independent Variable
(What I change)

Dependent
Variables
(What I observe)

Teacher location: The teacher is
either in the room or not in the

Loudness, measured

Controlled Variables
(What I keep the same)




Same classroom
Same students
36

Question

teacher leaves the
room?

Independent Variable
(What I change)

room.

Dependent
Variables
(What I observe)

Controlled Variables
(What I keep the same)

in decibels



Same time of day

The rider either gets
wet or does not.



"Dependent
variables can
represent either/or
situations, too."



Same type of bike
and tires (except
for the fenders!)
Riding at the
same speed
Same size and
depth of puddle

"The teacher's location is an
either/or situation"

Fenders: The bicycle either has
fenders or it does not
Do bicycle fenders
keep the rider dry
when riding
through a puddle?

"Many engineering projects
have alternative designs with
independent variables like this
one (with and without
fenders)."



Here is a sample containing the variables and hypothesis (http://www.sciencebuddies.org/science-fairprojects/project_sample_variables.shtml).

Science Fair Project Variables Checklist
What Makes for Good Variables?

For Good Variables, You Should
Answer "Yes" to Every Question

Is the independent variable measurable?

Yes / No

Can you change the independent variable during the experiment?

Yes / No

Have you identified all relevant dependent variables, and are they
all caused by and dependent on the independent variable?

Yes / No

Are all dependent variable(s) measurable?

Yes / No

Have you identified all relevant controlled variables?

Yes / No
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What Makes for Good Variables?

Can all controlled variables be held at a steady value during the
experiment?

For Good Variables, You Should
Answer "Yes" to Every Question

Yes / No

VARIABLES FOR BEGINNERS
Doing a Fair Test
It is important for an experiment to be a fair test. You conduct a fair test by making sure that you change one factor at a
time while keeping all other conditions the same.
For example, let's imagine that we want to measure which is the fastest toy car to coast down a sloping ramp. If we gently
release the first car, but give the second car a push start, did we do a fair test of which car was fastest? No! We gave the
second car an unfair advantage by pushing it to start. That's not a fair test! The only thing that should change between the
two tests is the car; we should start them down the ramp in exactly the same way.
Let's pretend we're doing an experiment to see if fertilizer makes a plant grow to be larger than a plant that doesn't receive
fertilizer. We put seeds of the same kind in three pots with fertilizer and rich soil. But, we run out of soil so we put the seeds
without fertilizer in three pots filled with sand. We put all six pots in the same location and water each one with the same
amount of water every other day. The plants with soil and fertilizer grow to be much larger than the ones grown in sand
without fertilizer. Is that a fair test of whether fertilizer makes a plant grow to be larger? No! We changed two things (type
of soil and fertilizer) so we have no idea whether the plants with fertilizer grew to be larger because of the fertilizer or
whether the other plants were stunted by being grown in sand. It wasn't a fair test! All of the plants should have been in
the same kind of soil.
Conducting a fair test is one of the most important ingredients of doing good, scientifically valuable experiments. To insure
that your experiment is a fair test, you must change only one factor at a time while keeping all other conditions the same.
Scientists call the changing factors in an experiment variables.

HYPOTHESIS
What is a Hypothesis?
A hypothesis is a tentative, testable answer to a scientific question. Once a scientist has a scientific question she is
interested in, the scientist reads up to find out what is already known on the topic. Then she uses that information to form
a tentative answer to her scientific question. Sometimes people refer to the tentative answer as "an educated guess." Keep
in mind, though, that the hypothesis also has to be testable since the next step is to do an experiment to determine
whether or not the hypothesis is right!
A hypothesis leads to one or more predictions that can be tested by experimenting.
Predictions often take the shape of "If ____then ____" statements, but do not have to. Predictions should include both an
independent variable (the factor you change in an experiment) and a dependent variable (the factor you observe or
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measure in an experiment). A single hypothesis can lead to multiple predictions, but generally, one or two predictions is
enough to tackle for a science fair project.

Examples of Hypotheses and Predictions
Question

Hypothesis

Prediction

Larger animals of the same species expend more
energy than smaller animals of the same type. To
get the energy their bodies need, the larger
animals eat more food.

If I let a 70-pound dog and a 30pound dog eat as much food as
they want, then the 70-pound dog
will eat more than the 30-pound
dog.

Does fertilizer
make a plant
grow bigger?

Plants need many types of nutrients to grow.
Fertilizer adds those nutrients to the soil, thus
allowing plants to grow more.

If I add fertilizer to the soil of some
tomato seedlings, but not others,
then the seedlings that got
fertilizer will grow taller and have
more leaves than the non-fertilized
ones.

Does an electric
motor turn
faster if you
increase the
current?

Electric motors work because they have
electromagnets inside them, which push/pull on
permanent magnets and make the motor spin. As
more current flows through the motor's
electromagnet, the strength of the magnetic field
increases, thus turning the motor faster.

If I increase the current supplied to
an electric motor, then the RPMs
(revolutions per minute) of the
motor will increase.

Teachers have rules about when to talk in the
classroom. If they leave the classroom, the
students feel free to break the rules and talk more,
making the room nosier.

If I measure the noise level in a
classroom when a teacher is in it
and when she leaves the room,
then I will see that the noise level
is higher when my teacher is not in
my classroom.

How does the
size of a dog
affect how much
food it eats?

Is a classroom
noisier when the
teacher leaves
the room?

What if My Hypothesis is Wrong?
What happens if, at the end of your science project, you look at the data you have collected and you realize it does not
support your hypothesis? First, do not panic! The point of a science project is not to prove your hypothesis right. The point
is to understand more about how the natural world works. Or, as it is sometimes put, to find out the scientific truth. When
scientists do an experiment, they very often have data that shows their starting hypothesis was wrong. Why? Well, the
natural world is complex—it takes a lot of experimenting to figure out how it works—and the more explanations you test,
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the closer you get to figuring out the truth. For scientists, disproving a hypothesis still means they gained important
information, and they can use that information to make their nexthypothesis even better. In a science fair setting, judges
can be just as impressed by projects that start out with a faulty hypothesis; what matters more is whether you understood
your science fair project, had a well-controlled experiment, and have ideas about what you would do next to improve your
project if you had more time. You can read more about a science fair judge's view on disproving your hypothesis here.
It is worth noting, scientists never talk about their hypothesis being "right" or "wrong." Instead, they say that their data
"supports" or "does not support" their hypothesis. This goes back to the point that nature is complex—so complex that it
takes more than a single experiment to figure it all out because a single experiment could give you misleading data. For
example, let us say that you hypothesize that earthworms do not exist in places that have very cold winters because it is too
cold for them to survive. You then predict that you will find earthworms in the dirt in Florida, which has warm winters, but
not Alaska, which has cold winters. When you go and dig a 3-foot by 3-foot-wide and 1-foot-deep hole in the dirt in those
two states, you discover Floridian earthworms, but not Alaskan ones. So, was your hypothesis right? Well, your data
"supported" your hypothesis, but your experiment did not cover that much ground. Can you really be sure there are no
earthworms in Alaska? No. Which is why scientists only support (or not) their hypothesis with data, rather than proving
them. And for the curious, yes there are earthworms in Alaska.

Hypothesis Checklist
What Makes a Good Hypothesis?

For a Good Hypothesis, You
Should Answer "Yes" to
Every Question

Is the hypothesis based on information from reference materials about the
topic?

Yes / No

Can at least one clear prediction be made from the hypothesis?

Yes / No

Are predictions resulting from the hypothesis testable in an experiment?

Yes / No

Does the prediction have both an independent variable (something you
change) and a dependent variable (something you observe or measure)?

Yes / No

Testing Your Hypothesis by Doing an Experiment
EXPERIMENTAL PROCEDURE
Key Info


Write the experimental procedure like a step-by-step recipe for your science experiment. A good procedure is so
detailed and complete that it lets someone else duplicate your experiment exactly!
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Repeating a science experiment is an important step to verify that your results are consistent and not just an
accident.
o For a typical experiment, you should plan to repeat it at least three times (more is better).
o If you are doing something like growing plants, then you should do the experiment on at least three plants
in separate pots (that's the same as doing the experiment three times).
o If you are doing an experiment that involves testing or surveying different groups, you won't need to
repeat the experiment three times, but you will need to test or survey a sufficient number of participants
to insure that your results are reliable. You will almost always need many more than three participants!
See our Science Buddies resource, How Many Survey Participants Do I Need?
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Soc_participants.shtml

Overview
Now that you have come up with a hypothesis, you need to develop an experimental procedure for testing whether it is
true or false.
The first step of designing your experimental procedure involves planning how you will change your independent variable
and how you will measure the impact that this change has on the dependent variable. To guarantee a fair test when you are
conducting your experiment, you need to make sure that the only thing you change is the independent variable. And, all the
controlled variables must remain constant. Only then can you be sure that the change you make to the independent
variable actually caused the changes you observe in the dependent variables.
Scientists run experiments more than once to verify that results are consistent. In other words, you must verify that you
obtain essentially the same results every time you repeat the experiment with the same value for your independent
variable. This insures that the answer to your question is not just an accident. Each time that you perform your experiment
is called a run or a trial. So, your experimental procedure should also specify how many trials you intend to run. Most
teachers want you to repeat your experiment a minimum of three times. Repeating your experiment more than three
times is even better, and doing so may even be required to measure very small changes in some experiments.
In some experiments, you can run the trials all at once. For example, if you are growing plants, you can put three identical
plants (or seeds) in three separate pots and that would count as three trials.
In experiments that involve testing or surveying different groups of people, you will not need to repeat the experiment
multiple times. However, in order to insure that your results are reliable, you need to test or survey enough people to make
sure that your results are reliable. How many participants are enough, what is the ideal sample size? See the Science
Buddies resource, How Many Survey Participants Do I Need?, to find out.
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Soc_participants.shtml
Every good experiment also compares different groups of trials with each other. Such a comparison helps insure that the
changes you see when you change the independent variable are in fact caused by the independent variable. There are two
types of trial groups: experimental groups and control groups.
The experimental group consists of the trials where you change the independent variable. For example, if your question
asks whether fertilizer makes a plant grow bigger, then the experimental group consists of all trials in which the plants
receive fertilizer.
In many experiments it is important to perform a trial with the independent variable at a special setting for comparison
with the other trials. This trial is referred to as a control group. The control group consists of all those trials where you leave
the independent variable in its natural state. In our example, it would be important to run some trials in which the plants
get no fertilizer at all. These trials with no fertilizer provide a basis for comparison, and would insure that any changes you
see when you add fertilizer are in fact caused by the fertilizer and not something else.
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However, not every experiment is like our fertilizer example. In another kind of experiment, many groups of trials are
performed at different values of the independent variable. For example, if your question asks whether an electric motor
turns faster if you increase the voltage, you might do an experimental group of three trials at 1.5 volts, another group of
three trials at 2.0 volts, three trials at 2.5 volts, and so on. In such an experiment you are comparing the experimental
groups to each other, rather than comparing them to a single control group. You must evaluate whether your experiment is
more like the fertilizer example, which requires a special control group, or more like the motor example that does not.
Whether or not your experiment has a control group, remember that every experiment has a number of controlled
variables. Controlled variables are those variables that we don't want to change while we conduct our experiment, and they
must be the same in every trial and every group of trials. In our fertilizer example, we would want to make sure that every
trial received the same amount of water, light, and warmth. Even though an experiment measuring the effect of voltage on
the motor's speed of rotation may not have a control group, it still has controlled variables: the same motor is used for
every trial and the load on the motor (the work it does) is kept the same.
A little advance preparation can ensure that your experiment will run smoothly and that you will not encounter any
unexpected surprises at the last minute. You will need to prepare a detailed experimental procedure for your experiment
so you can ensure consistency from beginning to end. Think about it as writing a recipe for your experiment. This also
makes it much easier for someone else to test your experiment if they are interested in seeing how you got your results.



Write the experimental procedure like a step-by-step recipe for your science experiment. A good procedure is so
detailed and complete that it lets someone else duplicate your experiment exactly!
Repeating a science experiment is an important step to verify that your results are consistent and not just an
accident.
o For a typical experiment, you should plan to repeat it at least three times (more is better).
o If you are doing something like growing plants, then you should do the experiment on at least three plants
in separate pots (that's the same as doing the experiment three times).
o If you are doing an experiment that involves testing or surveying different groups, you won't need to
repeat the experiment three times, but you will need to test or survey a sufficient number of participants
to insure that your results are reliable. You will almost always need many more than three participants!
See our Science Buddies resource, How Many Survey Participants Do I Need?
Here is a sample experimental procedure (http://www.sciencebuddies.org/science-fairprojects/project_sample_materials_procedure.shtml).

Experimental Procedure Checklist

What Makes a Good Experimental Procedure?

For a Good
Experimental
Procedure, You Should
Answer "Yes" to Every
Question

Have you included a description and size for all experimental and control
groups?

Yes / No

Have you included a step-by-step list of all procedures?

Yes / No

Have you described how to the change the independent variable and how

Yes / No
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What Makes a Good Experimental Procedure?

For a Good
Experimental
Procedure, You Should
Answer "Yes" to Every
Question

to measure that change?
Have you explained how to measure the resulting change in the
dependent variable or variables?

Yes / No

Have you explained how the controlled variables will be maintained at a
constant value?

Yes / No

Have you specified how many times you intend to repeat the experiment
(should be at least three times), and is that number of repetitions
sufficient to give you reliable data?

Yes / No

The ultimate test: Can another individual duplicate the experiment based
on the experimental procedure you have written?

Yes / No

If you are doing an engineering or programming project, have you
completed several preliminary designs?

Yes / No

MATERIALS LIST
Preparing a Materials List
What type of supplies and equipment will you need to complete your science fair project? By making a complete list ahead
of time, you can make sure that you have everything on hand when you need it. Some items may take time to obtain, so
making a materials list in advance represents good planning!
Make the materials list as specific as possible, and be sure you can get everything you need before you start your science
fair project. Visit our Science Fair Approved Suppliers page for tips on places to purchase some of the harder to find items
that you may have on your list. The Science Fair Project Shopping List page also has a detailed list of items you'll need to
make your Science Fair Project Display Board.
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A Good Materials List Is Very Specific

A Bad Materials List

500 ml of de-ionized water

Water

Stopwatch with 0.1 sec accuracy

Clock

AA alkaline battery

Battery

Here is a Sample Materials List & Experimental Procedure (http://www.sciencebuddies.org/science-fairprojects/project_sample_materials_procedure.shtml).

Materials List Checklist
What Makes a Good Materials List?

For a Good Materials List, You Should
Answer "Yes" to Every Question

Have you listed all necessary materials?

Yes / No

Have you described the materials in sufficient detail?

Yes / No

CONDUCTING AN EXPERIMENT
Key Info






If you haven't already, obtain a notebook to record all of your observations during your experiment.
Before starting your experiment, prepare a data table so you can quickly write down your measurements as you
observe them.
Follow your experimental procedure exactly. If you need to make changes in the procedure (which often happens),
write down the changes exactly as you made them.
Be consistent, careful, and accurate when you take your measurements. Numerical measurements are best.
Take pictures of your experiment for use on your display board if you can.

Preparations

With your detailed experimental procedure in hand, you are almost ready to start your science experiment. But before you
begin there are still a few more things to do:



Know what to do. Read and understand your experimental procedure. Are all of the necessary steps written
down? Do you have any questions about how to do any of the steps?
Get a laboratory notebook for taking notes and collecting data (see Sample Data Table).
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Be prepared. Collect and organize all materials, supplies and equipment you will need to do the experiment. Do
you have all of the materials you need? Are they handy and within reach of your workspace?
Think ahead about safety! Are there any safety precautions you should take? Will you need adult supervision? Will
you need to wear gloves or protective eye gear? Do you have long hair that needs to be pulled back out of your
face? Will you need to be near a fire extinguisher?

Data Table
Prepare a data table in your laboratory notebook to help you collect your data. A data table will ensure that you are
consistent in recording your data and will make it easier to analyze your results once you have finished your experiment.

Sample Data Table
Trial

Faucet Opening
(the Independent
Variable)

#1

1/4 open

#2

1/4 open

#3

1/4 open

#4

1/2 open

#5

1/2 open

#6

1/2 open

#7

3/4 open

#8

3/4 open

#9

3/4 open

Water Flow
(the Dependent Variable)

[Write your data in this column as you make measurements during your
experiment.]
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Trial

Faucet Opening
(the Independent
Variable)

#10

Fully open

#11

Fully open

#12

Fully open

Water Flow
(the Dependent Variable)

Note: Some experiments will require additional columns for two or more dependent variables.

During the Experiment
It is very important to take very detailed notes as you conduct your experiments. In addition to your data, record
your observations as you perform the experiment. Write down any problems that occur, anything you do that is different
than planned, ideas that come to mind, or interesting occurrences. Be on the lookout for the unexpected. Your
observations will be useful when you analyze your data and draw conclusions.
We suggest that you keep a laboratory notebook so that all your information is kept in one place (don't use loose-leaf
notebooks, you want to make sure all your information stays together). The data that you record now will be the basis for
your science fair project final report and your conclusions so capture everything in your laboratory notebook, including
successes, failures, and accidents. See Science and Engineering Project Laboratory Notebooks for more information about
using a lab notebook to document your science investigations, experiments, and product designs.
If possible, take pictures of your experiment along the way, these will later help you explain what you did and enhance your
display for the science fair.
Remember to use numerical measurements as much as possible. If your experiment also has qualitative data (not
numerical), then take a photo or draw a picture of what happens.
Be as exact as possible about the way you conduct your experiment, especially in following your experimental procedure,
taking your measurements, and note taking. Failures and mistakes are part of the learning process, so don't get discouraged
if things do not go as planned the first time. You should have built enough time in your schedule to allow you to repeat your
test a couple of times.
In fact, it's a good idea to do a quick preliminary run of your experiment. Show your preliminary data to your mentor or
teacher, and make revisions to your experimental procedure if necessary. Often there are glitches in the procedure that are
not obvious until you actually perform your experiment— this is normal. If you need to make changes in the procedure
(which often happens), write down exactly the changes you made.
Stay organized and be safe! Keep your workspace clean and organized as you conduct your experiment. Keep your supplies
within reach. Use protective gear and adult supervision as needed. Keep any chemicals away from pets and younger
brothers or sisters.
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See the Science Buddies resource Science and Engineering Project Laboratory Notebooks
(http://www.sciencebuddies.org/science-fair-projects/project_laboratory_notebook.shtml)

Checklist for Conducting a Science Experiment

What Makes a Good Science Experiment?

For a Good Science
Experiment, You Should
Answer "Yes" to Every
Question

Did you take detailed notes about your observations and record them in
your laboratory notebook?

Yes / No

Did you collect your data using a data table?

Yes / No

Were you consistent, careful, and accurate when you made your
measurements?

Yes / No

Were you careful to insure that your controlled variables remained
constant so as not to affect your results?

Yes / No

If you ran into any unexpected problems, did you adjust your
experimental procedure accordingly?

Yes / No

If you are doing an engineering or programming project, have you
involved some of your targeted users in the testing of your prototype?

Yes / No

Analyzing Your Data and Drawing a Conclusion
DATA ANALYSIS AND GRAPHS
Key Info


Review your data. Try to look at the results of your experiment with a critical eye. Ask yourself these questions:
o Is it complete, or did you forget something?
o Do you need to collect more data?
o Did you make any mistakes?
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Calculate an average for the different trials of your experiment, if appropriate.



Make sure to clearly label all tables and graphs. And, include the units of measurement (volts, inches, grams,
etc.).



Place your independent variable on the x-axis of your graph and the dependent variable on the y-axis.

Overview
Take some time to carefully review all of the data you have collected from your experiment. Use charts and graphs to help
you analyze the data and patterns. Did you get the results you had expected? What did you find out from your experiment?
Really think about what you have discovered and use your data to help you explain why you think certain things happened.

Calculations and Summarizing Data
Often, you will need to perform calculations on your raw data in order to get the results from which you will generate a
conclusion. 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—do not forget to include the
units of measurement (grams, centimeters, liters, etc.).
You should have performed multiple trials of your experiment. Think about the best way to summarize your data. Do you
want to calculate the average for each group of trials, or summarize the results in some other way such as ratios,
percentages, or error and significance for really advanced students? Or, is it better to display your data as individual data
points?
Do any calculations that are necessary for you to analyze and understand the data from your experiment.



Use calculations from known formulas that describe the relationships you are testing. (F = MA , V = IR or E = MC²)
Pay careful attention because you may need to convert some of your units to do your calculation correctly. All of
the units for a measurement should be of the same scale— (keep L with L and mL with mL, do not mix L with mL!)

Graphs
Graphs are often an excellent way to display your results. In fact, most good science fair projects have at least one graph.
For any type of graph:




Generally, you should place your independent variable on the x-axis of your graph and the dependent variable on
the y-axis.
Be sure to label the axes of your graph— don't forget to include the units of measurement (grams, centimeters,
liters, etc.).
If you have more than one set of data, show each series in a different color or symbol and include a legend with
clear labels.
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Different types of graphs are appropriate for different experiments. These are just a few of the possible types of graphs:
A bar graph might be appropriate for comparing different trials or different experimental groups. It also may be a good
choice if your independent variable is not numerical. (In Microsoft Excel, generate bar graphs by choosing chart types
"Column" or "Bar.")
A time-series plot can be used if your dependent variable is numerical and your independent variable is time. (In Microsoft
Excel, the "line graph" chart type generates a time series. By default, Excel simply puts a count on the x-axis. To generate a
time series plot with your choice of x-axis units, make a separate data column that contains those units next to your
dependent variable. Then choose the "XY (scatter)" chart type, with a sub-type that draws a line.)
An xy-line graph shows the relationship between your dependent and independent variables when both are numerical and
the dependent variable is a function of the independent variable. (In Microsoft Excel, choose the "XY (scatter)" chart type,
and then choose a sub-type that does draw a line.)
A scatter plot might be the proper graph if you're trying to show how two variables may be related to one another. (In
Microsoft Excel, choose the "XY (scatter)" chart type, and then choose a sub-type that does not draw a line.)
Here is a sample that contains data analysis and a graph.
Excel spreadsheet: http://www.sciencebuddies.org/science-fair-projects/project_sample_data.xls
Pdf file: http://www.sciencebuddies.org/science-fair-projects/project_sample_data.pdf

Data Analysis Checklist
What Makes for a Good Data Analysis Chart?

For a Good Chart, You Should
Answer "Yes" to Every Question

Is there sufficient data to know whether your hypothesis is
correct?

Yes / No

Is your data accurate?

Yes / No

Have you summarized your data with an average, if appropriate?

Yes / No

Does your chart specify units of measurement for all data?

Yes / No

Have you verified that all calculations (if any) are correct?

Yes / No
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Graph Checklist
What Makes for a Good Graph?

For a Good Graph, You Should
Answer "Yes" to Every
Question

Have you selected the appropriate graph type for the data you are
displaying?

Yes / No

Does your graph have a title?

Yes / No

Have you placed the independent variable on the x-axis and the
dependent variable on the y-axis?

Yes / No

Have you labeled the axes correctly and specified the units of
measurement?

Yes / No

Does your graph have the proper scale (the appropriate high and
low values on the axes)?

Yes / No

Is your data plotted correctly and clearly?

Yes / No

CONCLUSIONS
Key Info
Your conclusions summarize how your results support or contradict your original hypothesis:






Summarize your science fair project results in a few sentences and use this summary to support your conclusion.
Include key facts from your background research to help explain your results as needed.
State whether your results support or contradict your hypothesis. (Engineering & programming projects should
state whether they met their design criteria.)
If appropriate, state the relationship between the independent and dependent variable.
Summarize and evaluate your experimental procedure, making comments about its success and effectiveness.
Suggest changes in the experimental procedure (or design) and/or possibilities for further study.

Overview
Your conclusions will summarize whether or not your science fair project results support or contradict your original
hypothesis. If you are doing an Engineering or Computer Science programming project, then you should state whether or
not you met your design criteria. You may want to include key facts from your background research to help explain your
results. Do your results suggest a relationship between the independent and dependent variable?
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If Your Results Show that Your Hypothesis is False
If the results of your science experiment did not support your hypothesis, don't change or manipulate your results to fit
your original hypothesis, simply explain why things did not go as expected. Professional scientists commonly find that
results do not support their hypothesis, and they use those unexpected results as the first step in constructing a new
hypothesis. If you think you need additional experimentation, describe what you think should happen next.
Scientific research is an ongoing process, and by discovering that your hypothesis is not true, you have already made huge
advances in your learning that will lead you to ask more questions that lead to new experiments. Science fair judges do not
care about whether you prove or disprove your hypothesis; they care how much you learned.
Here are sample conclusions (http://www.sciencebuddies.org/science-fairprojects/project_sample_conclusions.shtml).

Conclusions Checklist
What Makes for Good Conclusions?

For Good Conclusions,
You Should Answer
"Yes" to Every Question

Do you summarize your results and use it to support the findings?

Yes / No

Do your conclusions state that you proved or disproved your hypothesis?
(Engineering & programming projects should state whether they met their
design criteria.)

Yes / No

If appropriate, do you state the relationship between the independent and
dependent variable?

Yes / No

Do you summarize and evaluate your experimental procedure, making
comments about its success and effectiveness?

Yes / No

Do you suggest changes in the experimental procedure and/or possibilities
for further study?

Yes / No
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Communicating Your Results
FINAL REPORT
Key Info
At this point, you are in the home stretch. Except for writing the abstract, preparing your science fair project final report will
just entail pulling together the information you have already collected into one large document.




Your final report will include these sections:
o Title page.
o Abstract. An abstract is an abbreviated version of your final report.
o Table of contents.
o Question, variables, and hypothesis.
o Background research. This is the Research paper you wrote before you started your experiment.
o Materials list.
o Experimental procedure.
o Data analysis and discussion. This section is a summary of what you found out in your experiment,
focusing on your observations, data table, and graph(s), which should be included at this location in the
report.
o Conclusions.
o Ideas for future research. Some science fairs want you to discuss what additional research you might want
to do based on what you learned.
o Acknowledgments. This is your opportunity to thank anyone who helped you with your science fair
project, from a single individual to a company or government agency.
o Bibliography.
Write the abstract section last, even though it will be one of the first sections of your final report.



Your final report will be several pages long, but don't be overwhelmed! Most of the sections are made up of
information that you have already written. Gather up the information for each section and type it in a word
processor if you haven't already.



Save your document often! You do not want to work hard getting something written the perfect way, only to have
your computer crash and the information lost. Frequent file saving could save you a lot of trouble!



Remember to do a spelling and grammar check in your word processor. Also, have a few people proof read your
final report. They may have some helpful comments!
Here is a sample science fair project final report (http://www.sciencebuddies.org/science-fairprojects/project_sample_final_report.pdf).
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Science Fair Project Final Report Checklist

What Makes for a Good Science Fair Project Final Report?

For a Good Science
Fair Project Final
Report, You Should
Answer "Yes" to
Every Question

Does your abstract include a short summary of the hypothesis, materials & procedures,
results, and conclusion? If you did an engineering or programming project, did you
state whether you met your design criteria?

Yes / No

Does your final report include:













Title page.
Abstract.
Table of contents.
Question, variables, and hypothesis.
Background research (your Research Paper).
Materials list.
Experimental procedure.
Data analysis and discussion (including data table and graph(s)).
Conclusions.
Ideas for future research (for some fairs only).
Acknowledgments.
Bibliography.

Yes / No

ABSTRACT
An abstract is an abbreviated version of your science fair project final report. For most science fairs it is limited to a
maximum of 250 words (check the rules for your competition). The science fair project abstract appears at the beginning of
the report as well as on your display board.
Almost all scientists and engineers agree that an abstract should have the following five pieces:


Introduction. This is where you describe the purpose for doing your science fair project or invention. Why should
anyone care about the work you did? You have to tell them why. Did you explain something that should cause
people to change the way they go about their daily business? If you made an invention or developed a new
procedure how is it better, faster, or cheaper than what is already out there? Motivate the reader to finish the
abstract and read the entire paper or display board.



Problem Statement. Identify the problem you solved or the hypothesis you investigated.
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Procedures. What was your approach for investigating the problem? Don't go into detail about materials unless
they were critical to your success. Do describe the most important variables if you have room.



Results. What answer did you obtain? Be specific and use numbers to describe your results. Do not use vague
terms like "most" or "some."



Conclusions. State what your science fair project or invention contributes to the area you worked in. Did you meet
your objectives? For an engineering project state whether you met your design criteria.

Things to Avoid







Avoid jargon or any technical terms that most readers won't understand.
Avoid abbreviations or acronyms that are not commonly understood unless you describe what they mean.
Abstracts do not have a bibliography or citations.
Abstracts do not contain tables or graphs.
For most science fairs, the abstract must focus on the previous 12 months' research (or less), and give only minimal
reference to any earlier work.
If you are working with a scientist or mentor, your abstract should only include procedures done by you, and you
should not put acknowledgements to anyone in your abstract.

Why Is an Abstract Important?
Your science fair project abstract lets people quickly determine if they want to read the entire report. Consequently, at least
ten times as many people will read your abstract as any other part of your work. It's like an advertisement for what you've
done. If you want judges and the public to be excited about your science fair project, then write an exciting, engaging
abstract!
Since an abstract is so short, each section is usually only one or two sentences long. Consequently, every word is important
to conveying your message. If a word is boring or vague, refer to a thesaurus and find a better one! If a word is not adding
something important, cut it! But, even with the abstract's brief length, don't be afraid to reinforce a key point by stating it
in more than one way or referring to it in more than one section.

How to Meet the Word Limit
Most authors agree that it is harder to write a short description of something than a long one. Here's a tip: for your first
draft, don't be overly concerned about the length. Just make sure you include all the key information. Then take your draft
and start crossing out words, phrases, and sentences that are less important than others. Look for places where you can
combine sentences in ways that shorten the total length. Put it aside for a while, then come back and re-read your draft.
With a fresh eye, you'll probably find new places to cut. Before you know it you will have a tightly written abstract.
Sample Sample Abstract (http://www.sciencebuddies.org/science-fairprojects/project_sample_abstract.shtml).
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Science Fair Project Abstract Checklist
What Makes for a Good Science Fair Project Abstract?

For a Good Science Fair Project
Abstract, You Should Answer
"Yes" to Every Question

Does your science fair project abstract include:






Introduction
Problem Statement
Procedures
Results
Conclusions

Yes / No

Did you review the list of "Things to Avoid" in a science fair project
abstract?

Yes / No

Did you write the abstract so that the reader is motivated to learn more
about your science fair project?

Yes / No

DISPLAY BOARD
Key Info


For almost every science fair project, you need to prepare a display board to communicate your work to others. In
most cases you will use a standard, three-panel display board that unfolds to be 36" tall by 48" wide. Display
boards can be found at Amazon and other retailers. See the Science Fair Project Shopping List for more details.
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Organize your information like a newspaper so that your audience can quickly
follow the thread of your experiment by reading from top to bottom, then left to
right. Include each step of your science fair project: Abstract, question,
hypothesis, variables, background research, and so on.
Use a font size of at least 16 points for the text on your display board, so that it
is easy to read from a few feet away. It's OK to use slightly smaller fonts for
captions on picture and tables.
The title should be big and easily read from across the room. Choose one that
accurately describes your work, but also grabs peoples' attention.
A picture speaks a thousand words! Use photos or draw diagrams to present non-numerical data, to propose
models that explain your results, or just to show your experimental setup. But, don't put text on top of
photographs or images. It can be very difficult to read.

This sample shows how difficult it can be to read text
when you print it on top of an image. Don't do it!


Check the rules for your science fair. Here is a list of items that some science fairs allow (or even require) and
some science fairs don't require (or even prohibit):
o
o
o
o
o
o

Your name on the display board
Pictures of yourself
Captions that include the source for every picture or image
Acknowledgements of people who helped you
Your laboratory notebook (some science fairs want you to have it only during judging)
Equipment such as your laboratory apparatus or your invention

Materials and Construction Techniques
For a detailed list of items useful for making science fair project display boards, consult the Science Fair Project Shopping
List. For creating a basic project display board that is good for most fairs start with these items and steps:




Use a self-standing display board like Elmer's 36" x 48" tri-fold display board. Display boards in black or whitecolored "foam core" (a sandwich made up of two pieces of smooth surface paper with a polystyrene (plastic)
middle) or corrugated cardboard are readily available at many retailers including (Wal-Mart, Michaels, Joann
Fabrics) ranging between $4 to $14 per board depending on the material.
Print out or write your information on white paper that you will attach to your display board. Be sure to proofread
each sheet before you attach it.
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o



Instead of regular paper, use cover stock (67#) or card stock (110#). These heavier papers will wrinkle less
when you attach it to your display board.
o Matte paper is preferable to glossy because it won't show as much glare- glare makes your display board
difficult to read.
Glue sticks (use plenty) or rubber cement work well for attaching sheets of paper to your display board. Use
double-sided tape for items like photographs that may not stick to glue.

Use glue sticks or spray adhesive for attaching paper to your board. Foam mounting tape is good for attaching
photographs.


Add simple visual accents to your board. Do not make the board too busy or it becomes difficult to read. Try these
simple techniques instead:
o Use color construction paper to add accents to your display board. A common technique is to put sheets
of construction paper behind the white paper containing your text.

Color construction paper can accent your board.
o

Use borders to draw the audience's attention.

Borders are a simple way to draw attention to your board.
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Materials and Construction Techniques
For a detailed list of items useful for making science fair project display boards, consult the Science Fair Project Shopping
List. For creating a basic project display board that is good for most fairs start with these items and steps:






Use a self-standing display board like Elmer's 36" x 48" tri-fold display board. Display boards in black or whitecolored "foam core" (a sandwich made up of two pieces of smooth surface paper with a polystyrene (plastic)
middle) or corrugated cardboard are readily available at many retailers including (Wal-Mart, Michaels, Joann
Fabrics) ranging between $4 to $14 per board depending on the material.
Print out or write your information on white paper that you will attach to your display board. Be sure to proofread
each sheet before you attach it.
o Instead of regular paper, use cover stock (67#) or card stock (110#). These heavier papers will wrinkle less
when you attach it to your display board.
o Matte paper is preferable to glossy because it won't show as much glare- glare makes your display board
difficult to read.
Glue sticks (use plenty) or rubber cement work well for attaching sheets of paper to your display board. Use
double-sided tape for items like photographs that may not stick to glue.

Use glue sticks or spray adhesive for attaching paper to your board. Foam mounting tape is good for attaching
photographs.


Add simple visual accents to your board. Do not make the board too busy or it becomes difficult to read. Try these
simple techniques instead:
o Use color construction paper to add accents to your display board. A common technique is to put sheets
of construction paper behind the white paper containing your text.

Color construction paper can accent your board.
o

Use borders to draw the audience's attention.
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Borders are a simple way to draw attention to your board.

Science Fair Project Display Board Checklist

What Makes for a Good Science Fair Project Display Board?

For a Good Science Fair Project
Display Board, You Should
Answer "Yes" to Every
Question

Does your display board include:












Title
Abstract
Question
Variables and hypothesis
Background research
Materials list
Experimental procedure
Data analysis and discussion including data chart(s) & graph(s)
Conclusions (including ideas for future research)
Acknowledgments
Bibliography

Yes / No

Are the sections on your display board organized like a newspaper so that
they are easy to follow?

Yes / No

Is the text font large enough to be read easily (at least 16 points)?

Yes / No

Does the title catch people's attention, and is the title font large enough to
be read from across the room?

Yes / No
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What Makes for a Good Science Fair Project Display Board?

For a Good Science Fair Project
Display Board, You Should
Answer "Yes" to Every
Question

Did you use pictures and diagrams to effectively convey information about
your science fair project?

Yes / No

Have you constructed your display board as neatly as possible?

Yes / No

Did you proofread your display board?

Yes / No

Did you follow all of the rules pertaining to display boards for your particular
science fair?

Yes / No

SCIENCE FAIR JUDGING
Key Info


Preparing for Science Fair Judging— Practice Makes Perfect!
o If you can communicate your science fair project well, you maximize your chances of winning.
o Write up a short "speech" (about 2–5 minutes long) summarizing your science fair project. You will give
this speech when you first meet the judges. (Remember to talk about the theory behind your science fair
project-why your project turns out the way it does.)
o Organize a list of questions you think the judges will ask you and prepare/practice answers for them.
Practice explaining your science fair project to others and pretend they are judges.
o Practice explaining your science fair project in simple terms so anyone can understand it.



Presenting Yourself During the Science Fair Judging Period-Be Professional!
o Always dress nicely for the science fair judging period-NO JEANS!
o Make good use of your display board. Point to diagrams and graphs when you are discussing them.
o Always be positive and enthusiastic!
o Be confident with your answers; do not mumble.
o If you have no idea what the judge is asking, or do not know the answer to their question, it is okay to say
"I do not know."
o Treat each person who visits you like a judge, even nonscientists.
o After the science fair, always ask for feedback from the judges to improve your project.

For some science fairs you will actually have a chance to meet and speak with the judges. If you prepare for these
interviews, they're a great opportunity to create a positive impression of your work.
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The Details
Preparing for the Science Fair Judging— Practice Makes Perfect!











If you can communicate your science fair project well, you maximize your chances of winning.
Write up a short "speech" (about 2–5 minutes long) summarizing your science fair project. Do not restate your
abstract word by word. You will give this speech (from memory) when you first meet the judges. Include in the
speech:
o How you got the idea.
o How you did the experiment (explain any relevant terms along the way).
o Your results and conclusions.
o Why your science fair project is important in today's society (how will it help people today?). You don't
have to cure cancer. Perhaps your work will help a small group of people, but it's still important.
o Demonstrate that you understand the theory behind why your project turns out the way it does.
o If you can't fit all of this into your presentation, be prepared to discuss each of the above topics
separately.
o Expect to be interrupted when you talk to the judges. You will rarely finish your speech.
Organize a list of questions you think the judges will ask you and prepare/practice answers for them. A few
common questions are listed below.
o How much help did you receive from others?
o What does your data tell you?
o Why is this research important? (Who cares if a rocket flies well?)
o What do your graphs represent?
o What does your data tell you?
o What problems did you run into while doing your experiment and how did you fix them?
o What are the three most interesting things you learned when doing this science fair project?
o What further research do you plan on doing, or would do, to this science fair project? (Your future study)
Study your background research as you would for a test. In some ways, presenting your science fair project is like
taking an exam. The better you know your background research, the higher the chance you have of winning.
o This is the part I usually had trouble with: I would do the research and understand everything, but then I
needed to study it. I would eventually learn and remember all the facts I should know, but I had to sit
myself down and study. Force yourself to pretend there is a test the next day on all of the information,
and you will be prepared.
Practice explaining your science fair project to others and pretend they are judges.
o Practice explaining all graphs, tables, your short speech, answers to possible questions judges might ask,
etc.
o Practice explaining the theory behind your science fair project. Theory includes everything from your
background research.
o Videotaping yourself during practice can also be very helpful. Although it can be painful to watch the
video, you will see the mistakes you made and be able to fix them the next time you speak.
Practice explaining your science fair project in simple terms so anyone can understand it.
o Many students do not know how to explain their science fair project to the general public. If you can
explain your project in laymen's terms, you are one step ahead of everyone else!

Presenting Yourself— Be Professional!






Always dress up nicely for the science fair judging period— NO JEANS! Everyone will take you more seriously if you
look professional.
Make good use of your display board. Point to diagrams and graphs when you are discussing them.
Always be positive and enthusiastic!
o Show the judges you are interested in your research and they will be more likely to remember you.
o Do not be negative unless you are emphasizing a frustrating problem you ran into.
Be confident with your answers. Do not mumble and say "Ummmmm...I think maybe this is happening?" Even if
you answer a question incorrectly, at least they will not think you are a wimp!

61







Emphasize how you were creative/unique/innovative with your science fair project.
o One of the major criteria on a judges' list is creativity and originality.
If you have no idea what the judge is asking, or do not know the answer to their question, it is okay to say "I do not
know."
o This is better than making something up that probably is not correct.
o It's better to get on to the next question for which you probably do know the answer.
Treat each person who visits you like a judge, even nonscientists.
o They may be a valuable contact who could give you an internship later on.
Always ask for feedback from the judges after the science fair. Gather your judges' email addresses and ask them
how you can improve. (If you know their name and employer, often you can do an Internet search to obtain their
email addresses.) In my experience, I hear back from about half of the science fair judges I email. If you move onto
the next level, you should update your science fair project and/or display board after receiving feedback. The
improvements you make could determine whether you place in the next science fair! If you don't go on to the next
level, their comments can help you on your next science fair project.
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