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Project Timeline

Project Section Due Date Sut?ri?tete q Points Earned
Scence Project Proposal: Topic &
: /5
Question
Background Researh Paper /40
Hypothesis /15
Expgerimental Procedure /10
Data& Qollection Check /20
Results & Gonclusion /20
RoughDraft /15
FHnal Report (Facedin a /40
binder/folder)
Display Board 125
Oral Presentation /20
Project
Grade /200
Beacon Heights Science Fair will be on . All display boards and

written reports need to be ready to share (communicate) with judges and peers.



Finding an Idea for Your Science Fair Project

Oneof the mostimportant considerationsin picking a topic for your science fair project isto
find a subject that you consider interesting. Yau'll be spending alot of time onit, soyou don't
want your science fair project to be about something that is boring.

Finding atopic isthe hardest part of a science fair projed, and sometimesyou just need a little
help focusing on what sorts of topics would be of interestto you. To help youfind a science fair
project ideathat can hold your interest, Scence Buddies hasdevebped the Topic Slection
Wizard. Byanswering a series of questions about everyday nterests and activities,you will
better identify an aeaof science that isbestfor you. To get darted, goto
www.sciencebuddies.organd take the survey!

1 The Topic Seletion Wizard_asks youa sefiesof quegions about everyday interess and
adivitiesthen recanmends an area of science and science fair project ideasthat are
bestfor you.

T Sciace FairProject Ideas lets you browsethrough hundreds of science fair project
ideas.

Scientific Method Key Information

The scientific method isa wayto askand answer scientific quesions by making obsenations
and doing experiments.

The steps of the scientific method areto:

Ask a Question

Do Background Research

Construct a Hypothesis

Test Your Hypothesis by Doing an Experiment
Analyze Your Data and Draw a Conclusion
Communicate Your Results

=A =4 =4 -4 -4 -4

It isimportant for your experiment to be afairtest. A"fairtes" ocaurs when youchangeonly
one fador (varieble) and keep all other conditionsthe sane.

Throughout the process ofdoing your stiencefair project, you should keep a journal
containing all of your important ideasand information.
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Steps of the Scientific Method

Ask a Question: The scientific method starts when you ask aquestion about something
that you observe:How, What, When, Who, Which, Why, or Where?

And, in order for the scientific method to answer the quegtion it must be about
somehingthat you can measure, preferably with a number.

DoBackgraind Research: Raher than starting from scratch in putting together a plan
for answering your quegion, you want to be a sanvy ientist using libraryand Internet
2 reseach to help youfind the bestwayto do things and insure that you don't repeat
mistakesfrom the past.

Gonstruct a Hypothesis: A hypothesisis an educated guessabout how things wok:
"If [l do this] , then [this] will happen because

3 Youmust state your hypothesisin awaythat youcan easily measure, and of course,
your hypothesisshould be constructed in awayto help you answer your original
guestion.

Test Your Hypothesis byDaoing an Experiment: Your experiment tests whether your
hypothesisistrue or false. It isimportant for your experiment to be afairted. You
conduct afairtest by making sure that you change only one factor at atime while

4 keeping all other conditionsthe sarre.

Youshould also repeat your experiments severaltimesto make sure that the first
resultsweren't just an accident.

Analyze Your Data and Draw a Condusion: Once your experiment is complete, you
collect your measurements and analyze them to seeif your hypothesisistrue or false.

Scientists often find that their hypothesiswasfalse,and in such casesthey will
construct anew hypothesis sarting the entire processof the scientific method over
agan. Even iftheyfind that their hypothesiswastrue, they maywant to testit agan in
anewway.

Gommunicate Your Results: To complete your science fair project you will
communicate your resultsto othersin afinal report and/or adisplay board.

6 Professonal scientists do almost exactlythe samething by publishing their final report
in a scientific journal or by presenting their resultson a poster at ascientific meeting.

Bventhough we show the scientific method as a seriesof steps,keep in nind that new
information or thinking might causea scientist to back up and repeat stepsat any point during




the process. A processlike the scientific method that involvessuch bading up and repeatingis
called an iterative process.

Your Science Fair Project Question

The quegion that you select for your science fair project isthe cornerstone of your work. The
reseach and experiment you will be conducting all revolvearound finding an answer to the
guestion you areposing. It isimportant to sdecta quegion that isgoingto be interesting to
work onfor several months and a question that is specfic enough to allow youto find the
answer with an experiment. A scientific question usually starts with: How, What, When, Who,
Which, Why, or Where. Here are somecharaderistics of agood science fair project quegion:

1 The quegion should be interesing enough to read about, and then work onfor the next
couple months.

1 There dould be at least 3 sourcesof written information on the subject. Youwant to be
able to build on the experience of others!

It isimportant to think ahead. This will save youlots of unhappinesslater. Imagine the
experiment you might perform to answer your question. Howdoesthat possibleexperiment
stackup aganst theseissues?

1 The experiment should measure changesto the important factors (variables)using a
number that representsa quantity such asacount, percertage,length, width, weight,
voltage,velocity, energy,time, etc. Or,just asgood might be an experiment that
measures a fador (varieble) that issimply present or not present. For example, lights
ONin onetrial, then lights OFkn another trial, or USHertilizer in one trial, then DON'T
USHertilizer in another trial. If you can't measure the results of your experiment, you're
not doing science!

T Youmust be able to control other factorsthat might influence your experiment, sothat
you cando afairtes. A"fair tes" ocaurs when you change only one fador (varigble)
and keep all other conditionsthe sane.

1 Is yaur experiment s&e to perform?

1 Do you haveall the materialsand equipment you need for your science fair projed, or
will you be able to obtain them quicky and at a minimal cost?

1 Do you haveenough time to do your experiment before the science fair? For exanple,
most plantstake weeksto grow. If you want to do a project on plants,youneed to start
very early! For most experiments youwill want to allow enough timeto do a practice
run in order to work out any problemsin your procedures.

1 Doesyour science fair project meet all the rulesand requirementsfor your science fair?

1 Haveyouavadedthe bad science fair projects lsted inthe table below?

If youdon't havegood answersfor the aboveissuesthen you probably should look for a better
science fair project quegion to answer.



Background Research Plan

Why the Need for Background Research?

Soyou can design arexperiment, you need to research what techniquesand equipment might
be bestfor investigating your topic. Raher than garting from scratch, sawy invegigaors want
to usetheir library andinternet researchto help them find the bestwayto do things. You want
to learn from the experience of others rather than blunder around and repeat their mistakes. A
scientist named Mike Kdish put it humorously like this: "A yearin the lab can saveyou a dayin
the library."

Badkground researchisalsoimportant to help you understand the theory behind your
experiment. In other words, sci@ce fair judgeslike to seethat you undersand why your
experiment turnsout the way itdoes.Youdo library and Internet reseach sothat you can
make a prediction of what will occur in your experiment, and then whether that prediction is
right or wrong, you will havethe knowledgeto undersand what causedthe behavioryou
obsened.

Making a Background Research Plan: How to Know What to Look For

When youare driving a car there ae two waysto find your degination: drive around randomly
until youfinally $umble upon what you're looking for OR l@k at a mapbefore you start.
(Which way do your parentsdrive?)

Fnding information for your badground researchis very simiér. But, since librariesand the
Internet both contain milions of pagesof information and fads, you might neverfind what

you're looking for unlessyou start with
amap! Toavad getting lost, you need
a badground reseach plan.

Keywords

The placeto start building your
badkground research plan iswith the
guestion for your science fair project
Le's imagne that you have asked this
one:

Question: Doesdrinking milk help
decrease spicinessbetter thanwater or
Pepsi?




Beginby identifying the keywords and mainconceptsin your quegion. Inthis case, keywords
would be:

Milk
Spiciness
Pepsi
Water

=A =4 4 =4

That's pretty easy! Now, what might be some of the main conceptsthat relate to these
keywords? L¢'s think about spicinessfirst. You're going to do a science experiment, soknowing
that a spicy food tages"hot" is probably not sufficient. Hmmmm, thisis alittle tougher than
finding the keywords.

The seaet to usethe cquesion words" (why, how, who, what, when, where) with yaur
keywords. Askwhy things happen, askhow thingshappen, askwhat causes things tohappen,
askwhat arethe properties of key substances.

Talk to People with More Experience: Networking

Asyou can seewith the above exanples, spiciness and milk, the question word will work better
for some keywordsthan others. You might havea science fair project question where none of
the keywords ganerate relevant quegions. Ykes! What do youdo then?

Oneof the mostimportant things you camlo istalk to other people with more experience than
yoursel: your mentors, parents, and teachers. Thisis called "networking." Some of these
people will havehad classesr work experience that involved studying the science involved in
your project. Askthem, "What science concepts should | study to better understand my
project?" Beasspecific as youcanwhen agking your question. Even exertswill look puzZed if
you ask aguestion that is sogenericit leavesthem pondering where to sart. Instead of asking,
"How do airplanesfly,” try asking, "What physical forcesare involved in the flight of an
airplane,” or "What role do propellers playin the flight of a helicopter?” (After all, there's gotta
be somethingthat causesthat hunk of metalto go up, right?)

For exanple, let's imagne your science fair project quegionis: Doesthe velocity of aroller
coader car affect whether it fallsoff aloop? Ifyou ask soneone who hasstudied physicsin high
school or college, they will tell youto askthe researchquegion, "What is centripetal force?"

Sometimesthere iseven a specialzed area of science that sudiesquedions similarto the one
for your science fair projec. Believet or not, there are acually people who study "roller
coader physics.”" (Isthat a cool job or what?) Often a good topic for your bacground reseach
is simply the specialzed area of science that covers your projed. Forthe roller coaster exanple
you would research"roller coager physics."



How do youfind the area of science that coversyour project? By networking with your
mentors, parents, and teachers.

How to Find Information
Library Research

Oneof the most valuable resourcesat the library is not abook, but a person. Public librarians,
collegelibrarians and certified school librarians ae speciallytrained to teach information
literacy. Lbrarians are excellent sourcesfor organizing reseach, for teaching how to seach,
how to read and usecitations, how to narrow down web seaches,and how to winnow out the
good from the bad. Many public librariesalsohave virtual reference serviceswhere a client can
online chat, email or talkon the phone with areference librarian. Sobe smart; talkto your
librarian.

Oftenthe best placeto start your badkground research is by looking up your keywordsin an
encyclopedia, dictionary, or textbook. Your library mayhave specilized dictionariesfor
different topics lke science, sports, music, and soon, which offer more complete information
than aregular dictionary. Askthe librarianto help you.

"Read the badground information and note any useful sources(books, journals,magaines,
etc.) listed inthe bibliography at the end of the encyclopedia article or dictionary entry. The
saurcescited in the bibliogrgphy are good starting points for further research. By using this
technique of routinely following up on sourcescited in bibliographies,you can generate a
surprisingly largenumber of books and articleson your topic in arelatively short time.

Youcan alsocheckthe subject headingsof books and articlesasyou lookthem up in the library
catalog. Checko seeif other books inthe samesubject area contain relevant information.

Periodicalsare printed material like magazinesand newspapers.Depending on your topic, they
may alsocontain useful information.

Internet Research

If youwant some advanced tipson using the Internet to find information, here aretwo good
sites. hereisvaluable information here even for people who think that they are good at
Internet seaching.

T http:// www.lib.berkeley.elu/ TeachingLb/ Guided/ Internet/ Hndinfo.html Atutorial
offered by the Teaching Lbrary at the Univesity of Calfornia at Berkeley.

T Librarians'Indexto the Internet: Internet Guidesand Searchlools. Check out the tips
in "Internet Searhing."



http://www.lib.berkeley.edu/TeachingLib/Guides/Internet/FindInfo.html
http://lii.org/pub/topic/netsearch

Todo an internet search for books containing information about a specffic science fair project,
the Science Fair Project Index (devebped by the Akron Summit Pubic Lbrary) isa great placeto
start. The Indexis designed to allow the userto locate a particular experiment by the general
topic; by keywords in the experiment title or bookinformation; by grade level; by the materials
or equipment employed; or by the principle demonstrated.

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

Before you beginyour internet reseach, review internet saety with your parents. Here are
some important tipsto help you stay sae online, such as:

T Emailaddressesuseraccount names,and screen names should neverinclude your
name, birthday, name of your school, or any cambination of personally identifiable
information.

1 Don't asaime bloggingisprivate. It's possille for search enginesto pick up the
information you po<t. If you publish photosor links to private websiteson your blog,
you alsoreduce your level of protection. Check out your blog host's stting optionsto
find out if you canturn off some of thesefeatures, and be cautious of what you post on
your blog.

T Neverallow astrangerto join abuddy list, a chat, or an IM conversation.

Finding Too Much or Too Little Information

If youare finding too much information, for example pagesand pagesof irrelevant hitson
Gaoogle or a periodical index, you need to narrow your seach. You can narrow your search by
borrowing someof the terms in yaur reseach quesions. For exanple, let's imagne that
seachingon "milk" bringsup too much irrelevant information about cows. Here arethe
reseach questions we listed having to do with milk:

1 What isthe compostion of milk, Pepsi,and water?
T What arethe propertiesand charaderistics of milk, Pepsi,and water?

Try sarching on:

T milk composition
T milk propertiescharacteristics

This will narrow your search, and hopefully giveyou more relevant reaults.

If youaren't finding enough information, you need to simplify your search. Let'simagine that
seaching on "measuring spiciness"isn't finding what you want. Try seaching on:

measure spiciness
spiciness, spice


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

Too Complicated or Too Simple Information

Sometimesthe information you find will be relevant, but either too complicated given your
science badkground or too babyish. Thisis a problem that we all experience. Just keep looking
and askfor advice if you're really stuck

Your Goal

Neverforget, the goalof your seachingisto find information to answer the reseach quegions
you asked about your topic. Don't stop looking until you havesourcesthat will answer your
guestions! Be sure to askfor help from mentors, parents, and teachersif you're having trouble.

Bibliography

Abibliography isa listing of the books, magazines, and Internet saircesthat you usein
desiqing, carrying out, and underganding your science fair project. But, you deveop a
bibliography only after first preparing a background researchplan -- aroadmap ofthe research
guestionsyou need to answer. Before you composeyour bibliography, you will need to devebp
your badkground research plan.

With your badkground reseach planin hand, you will find sourcesof information that will help
you with your science fair projed. Asyou find thisinformation it will be important for you to
write down where the sources arefrom. You canusethe Bibliography Worksheet to help you,
be sure to take it with you to the library. Asyoufind a source, write in all of the necessary
information thisway, when you are typing your bibliography youwon't needto go backto the
library and find any missng information. The more information youwrite down about your
saurce, the easierit will be for you to find if you want to read it again.

When youare writing your report, you will use the sourcesin your bibliography to remind you
of different fadsand badiground information youusedfor your science fair projec. Each time
you use some information from a source, you will needto 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 wantsto find the information and
read more about it, they can look up the reference in yaur bibliography for more detail about
the saurce. That iswhy eachsource youuse must belisted in a detailed bibliography with
enough information for someone to go and find it by themseles.

Yaur bibliogrgphy 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.
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Format Examples

Books

Format:

Author's last name, first initial. (Publication date). Book title. Additional information. Cty of
publication: Publishing company.

Examples:

Allen, T. (©74). Vanishing wildlife of North America. Washington, D.C.: National Geographic
Society.

Boorgin, D. (1992). The creators: A history of the heroesof the imagination. New York: Random
House.

Nicol, A.M., & Pexman, P.M. (1999). Prenting your findings: A practical guide for creating
tables. Washington, DC:AmericanPsyhologicalAssociéion.

Searés, B, & Last, M. (1979). Areader'sguide to sciencefiction. New York: Fadson Fle, Inc.

Toome, J.(1988). Cane. Ed Darwin T.Turner. New Yok: Norton.

Encyclopedia & Dictionary

Format:

Author's last name, firstinitial. (Date). Title of Article. Title of Ercyclopedia(Volume, pages).
Cityof publication: Pulishing company.

Examples:

Bergmann, P.G.(1993). Reldivity. InThe new encyclopediabritannica (Vol. 26, pp. 501-508).
ChicagoEncyclopedia Britannica.

Merriam-Webger's collegiate dictionary (10th ed.). (1993). Sringfield, MA: Merriam-Webster.

Pettingill, O. S., J(1980). Falcorand Falcanry. World book engdopedia (pp. 150-155).
ChicagoWorld Book.

Tabias,R.(1991). Thurber, Janes. Ercyclopedia americana. (p. 600). New Yoik: Scholatic
Library Publishing.
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Magazine & Newspaper Articles

Format:

Author's last name, first initial. (Publication date). Article title. Periodical title, volume
number(issuenumber if available), inclusivepages.

Note: Do not enclosethet title in quotation marks. Puta period after the title. If a periodical
includesa volume number, italicize it and then gve the pagerange (in regular type) without
"pp." If the periodical doesnot usevolume numbers,asin newspapers,use p. or pp. for page
numbers.

Note: Unlikeother periodicals,p. or pp. precedespagenumbersfor a newspaper reference in
APA style.

Examples:

Harlow, H. F. (B83). Fundamentalsfor preparing psychologyjournal articles. Jaurnal of
Comparative and Ptysiobgical Psychology, 55, 893-896.

Henry, W.A.,1Il. (1990, April 9). Making the grade in today's <hools. Time,135, 28-31.
Kaktte, D. (1986, July 21). Calforniatown countstown to big quake. USA Today, 9, p. Al.
Kanfer, S.(1986, July 21). Heard any good books lately?Time, 113, 71-72.

Trillin, C.(1993, February 15). Qulture 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,
Rdrieved month day, year, from full URL

Online document:
Author's name. (Date of publication). Title of work. Rerieved month day, year,from full URL

Note: When citing Internet sources,refer to the specific website document. If adocument is
undated, use"n.d.” (for no date) immediately after the document title. Break alengthy URL
that goesto another line after a slashor before a period. Contnually deck yaur referencesto
online documents. There isno period following a URL.

Note: If you cannot find someof this information, cite what isavailale.
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Examples:

Devitt, T. @001, August 2). Lidntning injuresfour at musicfestival. The Why? Fiés. Rerieved
January 23, 2002, from htt p:// whyfiles.ag/ 137lightning/index html

Dove,R.(1998). Lady freedom among us. The Ekctronic TextCenter. Rerieveddune 19, 1998,
from Alderman Library, University of Virginia website:
http:// etext.lib.virginia.edu/subjects/afam html

Note: If adocument is contained within alargeand complexwebsite (such asthat for a
universty or agovenment agency), identify the host organization and the relevant programor
department before giving the URLfor the document itsdf. Precede the URLwith a colon.

Fredrickson, B. L.(2000, March7). Qiltivating positive emotionsto optimize health and well-
being. Prevention & Treatment, 3, Article 0001a. Rerieved November 20, 2000, from
http:// journalsapa.ord prevention/volume3/pre0030001a.htmi

GVU'sBth WWWouser suvey. (n.d.). Rerieved Aigust 8, 2000, from
http:// www.cc.gatech.edu/gvu/usersurveyd survey1997-10/

Health Canada. (2002, February). The safety of genetically modifiedfood crops. Rerieved
March22, 2005, from http:// www.hc-
sc.gc.cal english protecion/ biologics_genetics/gen_mod_foods/genmodebk.html

Hilts, P. J.(1999, February 16). Inforecasting their emotions, most people flunk out. New York
Times. RdérievedNovember 21, 2000, from http://www.nytimescom

Hypothesis

After having thoroughly researched your question, you should havesomeeducated guessabout
how things wok. This educated guessabout the answer to your quegion is called the
hypothesis.

The hypothesis must beworded so that it canbetestedin your experiment. Do this by
expressingthe hypothesds using your independent variable (the variable you change during
your experiment) and your dependent variable (the variable you observe-changes in the
dependent variable depend on changes in the independent variable). Infad, many
hypotheses are stated exactlyike this: "If a particular independent variable is changed, then
there isalso a changein a certain dependent variable."

13


http://whyfiles.org/137lightning/index.html
http://etext.lib.virginia.edu/subjects/afam.html
http://etext.lib.virginia.edu/subjects/afam.html
http://journals.apa.org/prevention/volume3/pre0030001a.html
http://journals.apa.org/prevention/volume3/pre0030001a.html
http://www.cc.gatech.edu/gvu/usersurveys/survey1997-10/
http://www.cc.gatech.edu/gvu/usersurveys/survey1997-10/
http://www.hc-/
http://www.nytimes.com/

Example Hypotheses

T "If 1 openthe faucet [faucet opening size is the independent variable], then it will
increasethe flow of water [flow of water isthe dependent variable].

T "Raishgthe temperature of acup of water [temperature isthe independent varigble]
will increasethe amount of sugarthat dissolvegthe amount of sugaristhe dependent
varigble]."

T "If aplant receivesfertilizer [havingfertilizer is the independent variable], then it will
grow to be biggerthan aplant that doesnot receive fertilizer [plant size isthe
dependent variable]."

1 "If I put fenders on abicycle [having fendersisthe independent variable], then they will
keep the rider dry whenriding through puddles|the dependent variable is how much
water splasheson the rider]."

Note: When youwrite your own hypothesisyou can leave out the part inthe above exanples
that isin bradkets [].

Notice that in each of the exanplesit will be easy to measure the independent varigbles. Thisis
another important characterigtic of agood hypothesis. Ifwe can readily measure the variables
in the hypothesis,then we saythat the hypothesis istestable.

Not evey question canbe answered by the scientific method. The hypothesis isthe key. Ifyou
can state your question asategable hypothesis then you canusethe scientific method to
obtain an answer.

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Write your hypothesis below and in your projectjournal.

If ,

then ,

because

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Advanced Topic -- Cause & Effect or Correlation?

In someexperiments it isnot possibleto demonstrate that a changein the independent
variable causes a changein the dependent variable. Ingead one mayonly be able to show that
the independent variable is related to the dependent variable. Thisrelationship is called a
correlation. One of the most common reasonsto seea correlation isthat "interveningvariables
are alsoinvolved which maygiveriseto the appearance of apossiblydired cause-and-effect

14



relationship, but which upon further invedigation turn out to be more directly causedby sane
other fador".

Advanced Topic -- Is it OK to Disprove Your Hypothesis?

Is allscience accomplished using this samemethod that is taught in schools and emphaszed at
science fairs?Should youworry if you end up disproving your hypothesis?Adually, the answers
areno it's not, and no don't worry if you disprove your hypothesis. karn more in this essay
written by aveteran Scence Buddies Adviser, Dr. Bruce Weaver.

Experimental Procedure

Write the experimental procedure like a step-by-step recipe for your science experiment. A
good procedure is sodetailed and complete that it lets soneone elseduplicate your
experiment exactly!

Key Elements of the Experimental Procedure

71 Descrption and size of all experimental and control groups, as applicable

T Astep-by-step list of everything youmust do to perform your experiment. Think about
all the stepsthat you will need to go throughto complete your experiment, and recard
exactlywhat will need to be done in eachstep.

1 The experimental procedure must tell how youwill change your one and only
independent variable and how youwill measure that change

1 The experimental procedure must explain how you will measure the resulting changein
the dependent variable or varigbles

T If applicable, the experimental procedure should explain how the controlled variables
will be maintained at a constant value

1 The experimental procedure should specify how many timesyou intend to repeat your
experiment, sothat you can verify that your results are eproducible.

T Agood experimental procedure enables someone elseto duplicate your experiment
exactly!

15



Variables (for Beginners)

Doing a Fair Test

It is important for an experiment to befair 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 caasi 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 onlyitly 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 fertilizekVe 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 fertjize 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.

Conduting 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 chaste only one
factor at a time while keeping all other conditions the same.

Scientists all the changing factors in an experimesfatiables.

Materials List

What type of suppliesand equipment will you need to complete your science fair project? By
making a complete list ahead of time, you can make sure that you haveeverything on hand
whenyou need it. Someitems maytake time to obtain, so making a materialslist in advance
represents good planning!

Make the materialslist as ecific aspossble, and be sure you can get eerything you need
before you start your science fair project.
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Conducting an Experiment

Preparations

With your detailed experimental procedure in hand, you are almost ready to start your science
experiment. But before you beginthere arestill afew more thingsto do:

1 Know what to do. Read and understand your experimental procedure. Are all of the
necessangteps written down? Do you haveany questions about how to do any of the
steps?

1 Get alaboratory notebook for taking notesand collecting data.

T Be prepared. Coléct and organize all materials, suppliesand equipment you will need to
do the experiment. Doyou haveall of the materialsyou need? Ae they handy and
within reachof your workspace?

T Think ahead about safety! Arethere any sdety precautions you should take? Willyou
need adult supervisian? Will you need to wear glovesor protecive eyewear? Do you
havelong hair that needsto be pulled backout of your face?Will you need to be near a
fire extinguisher?

Data Table
Prepare a data table in your laboratory notebookto help you collect your data. Adatatable will

ensure that youare consistent in recording your data and will make it easier to analyze your
results once you havefinished your experiment.

During the Experiment
It isveryimportant to take very detailed notesasyou conduct your experiments. In addition to

your data, record your observations asyou perform the experiment. Write down any problems
that ocaur, anything youdo that is different than planned, ideasthat come to mind, or
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intereging ocaurrences.Be on the lookout for the unexpeded. Your observations will be useful
when you analyze your data and draw conclusions.

Keep alaboratory notebook sothat all your information iskept in one place (don't use loose-
leaf notebooks, youwant to make sure all your information gaystogether). The datathat you
record now will be the basisfor your science fair project final report and your conclusions so
capture everything in your laboratory notebook, including suceessesfailures, and accidents.

If possble, take pictures of your experiment along the way, thesewill later help you explain
what you did and enhance your displayfor the science fair.

Remanber to use numerical measurementsasmuch aspossilde. If your experiment also have
qualitative data (not numerical), then take a photo or draw apicture of what happens.

Be asexactas possble about the way youcondud your experiment, especially infollowing your
experimental procedure, taking your measurements, and note taking. Faures and mistakesare
part of the learning process,sodon't get discouragedif thingsdo not go asplanned the first
time. You should havebuilt enoughtime in your schedule to allow you to repeat your test a
couple of times.

Infad, it'sa good ideato do a quick preliminary run of your experiment. Show your
preliminary data to your mentor or teacher, and make revisionsto your experimental
procedure if necessaryOftenthere are glichesin the procedure that arenot obvious until you
adually perform your experiment--thisis normal. If you need to make changesin the procedure
(which often happens), write down exactlythe changesyou made.

Say organized and be safe! Keep your workspaceclean and organized asyou conduct your

experiment. Keep your supplieswithin reach. Useprotedive gearand adult supervison as
needed. Keep any chemicalsaway from pets and younger brothersor siders.

Data Analysis & Graphs

Conclusions

Y aur conclusions will summarize whether or not your science fair project results support or
contradict your original hypothesis.You maywant to include key fadsfrom your badcground
reseach to help explain yaur results. Do your results suggest arelationship 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 expeninent did not support your hypothesis, don't change or
manipulate your results to fit your original hypothesis, simply explain why thingsdid not go
as eyected.Professonal scientists commonly find that results do not support their hypothesis,
and they usethoseunexpeded resultsasthe first step in constructing a new hypothesis. If you
think you need additional experimentation, descibe what you think should happen next.

Scientific reseach is an ongoing process,and by discovering that your hypothesisis not true,
you havealready made huge advancesin your learning that will lead youto ask nore quegions
that lead to new experiments. Sance fair judges do not care aout whether you prove or
disprove your hypothesk,; they care how much you learned.

Final Report

At thispoint, you are in the home stretch. Except for writing the abstrad, preparing your
science fair project final report will just entail pulling together the information youhavealready
colleaed nto one largedocument.

T Yaur final report will include thesesections:

Title page.

Abstrad. An éstractisan abbreviated verson of your final report.

Table of contents.

Question, variables,and hypothesis.

Badground research. Thisisthe Research paper youwrote before you started
your experiment.

Materialslist.

E>perimental procedure.

Data analysisand discussion. This secion isa summary of what youfound out in
your experiment, focusing on your obsenations, data table, and graph(s), which
should be included at this locdion in the report.

Caclusions.

Ideas for future research. Somescience fairs want youto discusswhat additional
reseach you might want to do based on what you learned.

o Adnowledgements. Thisis your opportunity to thank anyone who helped you
with your science fair project, from a single individual to a company or
govemnment agency.

o Bibliography.

1 Write the abstractsedion lag, even thoughit will be one of the first secions of yaur
final report.

O O O 0o o
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1 Yaur final report will be several pageslong, but don't be ovemwhelmed! Most of the
sectons are made up of information that you havealready written. Gather up the
information for each section and typeit in aword processorif you haven't already.

T Save your document often! You do not want to work hard getting something written
the perfect way, only to haveyour computer crash and the information lost. Flequent
file savng could saveyou alot of trouble!

T Remanber to do a spelling and grammar check in yair word processor.Also, have a
few people proof read your final report. They may havesome helpful comments!

Writing an Abstract

Anabstract isan abreviated verson of your science fair project final report. Formost science
fairsit islimited to amaximum of 250 words. The science fair project abstract appears at the
beginning of the report aswell ason your display board.

Almost all scientists agee that an dstract should havethe following five pieces:

T Introduction. Thisis where you descibe the purposefor doing your science fair project
or invention. Why should anyone care about the work youdid? You haveto tell them
why. Did you explain something that should cause people to change the waytheygo
about their daily business? Ifyoumade an invention or develbped anew procedure how
isit better, faster, or cheaper than what is already out there? Motivate the reader to
finishthe abstractand read the entire paper or display board.

1 Problem Statement. Identify the problem you sdved or the hypothesisyou
invedigated.

1 Procedures. What wasyour approachfor investigating the problem? Don't gointo detalil
about materials unlessthey were critical to your success.Do descrbe the most
important variablesif you haveroom.

T Results. What answer did you obtain? Be spedfic and usenumbersto describe your
results. Do not use vague termslike "most” or "some."

1 Conclusions. Sate what your science fair project or invention contributesto the area
you worked in. Didyou meet your objectives? Br an engineering project state whether
you met your designcriteria.
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Why Is an Abstract Important?

Yaur science fair project abstract lets people quickly determine if they want to read the entire
report. @nsequently, at least ten timesasmany people will read your abstract asany other
part of yaur work. It's likean advertisement for what you've done. If youwant judgesand the
public to be excited about your science fair project, thenwrite an exiting, engagng abstrad!

Snce an astractis soshort, each section isusually only one or two sentenceslong.
Cmsequently, every word isimportant to conveying your messag. If aword is boring or vague,
refer to athesaurus and find a better one! If aword is not adding something important, cut it!
But, even with the abstrad's brief length, don't be afraid to reinforcea key point by statingit in
more than one way or referringto it in more than ane secton.

How to Meet the Word Limit

Mostauthorsagreethat it is harder to write a short descrption of something than alongone.
Here's atip: for your first draft, don't be overly @ncerned about the length. ust make sure you
include all the key information. Then take your draft and start crossingour words, phrases, and
sentencesthat are lessmportant than others.Lookfor placeswhere youcan combine
sentencesin waysthat shortenthe total length. Put it aside for a while, then come backand re-
read your draft. With afresheye,you'll probably find new placesto cut. Before you know it you
will haveatightly written abstrad.

Example Abstract

Advertisers are alvaystouting more powerful and longerlaging batteries, but which batteries
really do last Ionger, and is battery life impacted by the speed ofthe current drain? This project
looks atwhich AAbattery maintainsits vdtagefor the longestperiod of time in low, medium,
and highcurrent drain devices. e batterieswere tested in aCDplayer(low drain device),a
flashlight (medium drain device),and a camera flash (high drain device)by measuring the
battery voltage (dependent variable) atdifferent time intervals(independent variable) for each
of the battery typesin each of the devices My hypothesiswasthat Energizer would lastthe
longest in allof the devicestested. The experimental results sipported my hypothesisby
showing that the Energizer performswith increasng superiority, the higher the current drain of
the device.The experiment alsoshowed that the heavy-duty non-alkaline batteriesdo not
maintain their voltageaslong aseither alkaline battery at any levelof current drain.
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Display Board

For almost every sciance fair projed, you need to prepare adisplay board to communicate
your work to others. Inmost casesyou will usea standard, three-panel display board that
unfoldsto be 36" tall by 48" wide.

Abstract conclusion
[— ProjectTitle r—— |
—_—
Materials E
Qws(iqc_t_ é -i
Hypothesis Procedure
Back9'°“:d = = o Kire
irecti
Researc Results gy

Science Fair Judging

1 Preparing for Science Fair Judgingt Pradice MakesPerfed!

(o]

(o]

If youcan communicate your science fair project well, you maximze your
chancesof winning.

Write up a short "speech” (about 2¢5 minuteslong) sImmarizing your science
fair project. You will givethis speech when youfirst meet the judges. Remember
to talk aout the theory behind your science fair project-why yaur project turns
out the way itdoes.)

Organize alist of questions youthink the judgeswill ask youand

prepare/ practice answers for them. Pradice explaining your science fair project
to othersand pretend they are judges.

Pradice explaining your science fair project in sinple terms soanyone can
undergand it.

1 Presenting yoursef during the science fair judging period-be professonal!

(o]

Alwaysdress nicely for the science fair judging period
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Make good useof your display board. Point to diagramsand graphs when you
are discussng them.

Alwaysbe postive and enthusiagic!

Be confident with your answers;do not mumble.

If youhaveno ideawhat the judgeis asking, or do not know the answer to their
guestion, it is okayto say"l do not know."

Treat each person who visits youlike a judge, even nonscientists.

After the science fair, always askor feedbackfrom the judgesto improve your
project.
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Name: Sample Research Paper

Date

Which Battery Is Better?

Abstract

Advertisers are always touting more powerful and longer lasting batteries, but which
batteries really do last longer, and is battery life impacted by the speed of the current drain? This
projects looks at which AA battery maintains its voltage for the longest period of time in low,
medium, and high current drain devices. The batteries were tested in a CD player (low drain
device), a flashlight (medium drain device), and a camera flash (high drain device) by measuring
the battery voltage (dependent variable) at different time intervals (independent variable) for
each of the battery types in each of the devices. My hypothesis was that Energizer would last the
longest in all of the devices tested. The experimental results supported my hypothesis by
showing that the Energizer performs with increasing superiority, the higher the current drain of
the device. The experiment also showed that the heavy-duty non-alkaline batteries do not
maintain their voltage as long as either alkaline battery at any level of current drain.
Question

Which AA battery maintains its voltage for the longest period of time in low, medium,
and high current drain devices?
Variables

Independent Variable: Time, how long each battery operates.

Dependent Variable: Voltage.



Table 1
Variables
Experimental Group Controlled Variables for Each Group
Low current drain Same portable CD player
Play the same music track
Play at the same volume level
Medium current drain Identical flashlight
Identical light bulb
High current drain Same camera flash
All groups Battery size (AA)
Constant temperature (A battery works
better at a warm temperature.)
Hypothesis

As | test for increasingly long periods of time, the Energizer AA battery will maintain a
higher voltage than other batteries.
Background Research

Batteries come in many shapes and sizes. Some are no larger than a pill while others are
too heavy to lift, but most batteries have one thing in common-they store chemical energy and
change it into electrical energy. The cell is the basic unit that produces electricity. A battery has
2 or more cells, but people often use the word battery when talking about a single cell, too, like a
dry cell. A dime-sized battery in a watch is a cell. Cells act like pumps to force electrons to flow

along conductors (DK Science 150).



“The electrical force of a cell or battery is called its electromotive force (emf). This force,
which makes electrons flow around a circuit, is measured in units called volts (v.). Each kind of
cell has a particular emf. A dry cell, for example, has an emf of 1.5 volts” (DK Science 150).

Another way to measure a battery is by how much current it can provide. Current
measures how many electrons flow through the cell. The unit used to measure current is amps.

A common cell has several important parts: the positive terminal and electrode, the
negative terminal and electrode, and the electrolyte, which is between the two electrodes. The
positive electrode is made out of a carbon rod. Powdered carbon and manganese oxide prevents
hydrogen from forming on the carbon rod, which would stop the cell from working normally.
The negative electrode is made out of zinc, which serves, as a case for the cell. Electrons flow
from the negative terminal through a wire in the device the battery is powering into the positive
terminal (Learning Center).

The most common cell is the dry cell and different types have different types of
electrolytes. The dry cell works like the cell invented by the French engineer Georges Leclanche
in 1865. His cell had a liquid electrolyte, but in the modern version the electrolyte is ammonium
chloride paste (DK Science 150). Ordinary dry cells are used in most flashlight batteries. These
dry cells use ammonium chloride as the electrolyte. "Cells needed to supply heavier currents use
zinc chloride. Alkaline cells, which last longer and can supply even heavier currents, use the
alkali potassium hydroxide” (DK Science 150).

Most flashlights take two or more dry cells. Cells are connected in series one after
another. Large powerful flashlights may take four or more cells. The size of a cell has no effect
on its emf. The chemicals in the cell determine its emf, but large cells last longer than small cells

of the same basic type.



How long a battery lasts also depends on how it's used. Two batteries may last the same
length overall but one might maintain higher voltage over more of its lifetime, in a sense
providing better quality. A high powered device such as a motorized toy running constantly takes
more current than a less power hungry device such as a personal stereo that alternately runs and
rests. Batteries also don't perform as well at low temperatures (Best Batteries 71).

As you use a battery, its emf drops. You can consider an alkaline battery dead at 0.9
volts. The paper you are reading is posted as an example on the Science Buddies website.

In order to work well in high drain devices you need to make the shell of the battery
thinner so it can hold more electrons and deliver more current (Booth 127).

Companies have made improvements in their batteries so they are better in high drain
devices. A high drain device is a thing that takes a lot of current. Low drain devices would
include CD and cassette players and related devices. "Eveready meanwhile quantifies the power
requirements as 400 to 800 mA for halogen lamps; 400-1000 mA for cellular phones; and 500-
900 mA for camcorders. Digital cameras are in the 800-1200 mA range, while photoflash units
are the thirstiest of all-1000 to 2000 mA according to Eveready" (Booth 127).

Materials List
» CD player & a CD (low drain device)
« Three identical flashlights (medium drain device)
» Camera flash (high drain device)
» AA ssize Duracell and Energizer batteries
» AAsize of a "heavy-duty" (non-alkaline) battery (I used Panasonic)
« Voltmeter & a AA battery holder

« Kitchen timer



Experimental Procedure

1.

2.

Number each battery so you can tell them apart.

Measure each battery's voltage by using the voltmeter.

Put the same battery into one of the devices and turn it on.

Let the device run for thirty minutes before measuring its voltage again. (Record the
voltage in a table every time it is measured.)

Repeat #4 until the battery is at 0.9 volts or until the device stops.

Do steps 1-5 again, three trials for each brand of battery in each experimental group.
For the camera flash push the flash button every 30 seconds and measure the voltage
every 5 minutes.

For the flashlights rotate each battery brand so each one has a turn in each flashlight.

For the CD player repeat the same song at the same volume throughout the tests.



Data Analysis and Discussion

Table 2

Flashlights: Energizer Batteries

Battery 3 4 19 20 31 32
#
Time Voltage | Voltage | Dead? | Voltage | Voltage | Dead? | Voltage | Voltage | Dead?| Avg
(hrs) (V) (v) v) (V) v) (v) Voltage
v)
0.0 1.605 1.610 1.607 1.609 1.604 1.605 1.607
0.5 1.396 1.402 1.400 1.412 1.403
1.0 1.356 1.363 1.343 1.351 1.354 1.360 1.355
1.5 1.307 1.314 1.318 1.327 1.317
2.0 1.295 1.295 1.280 1.288 1.304 1.311 1.296
2.5 1.273 1.280 1.267 1.284 1.268 1.278 1.275
3.0 1.260 1.265 1.255 1.262 1.261 1.267 1.262
3.5 1.249 1.256 1.245 1.247 1.247 1.252 1.249
4.0 1.226 1.232 1.230 1.238 1.232
4.5 1.221 1.226 1.206 1.216 1.212 1.224 1.218
5.0 1.197 1.204 1.196 1.210 1.202
5.5 1.160 1.186 1.170 1.178 1.177 1.190 1.177
6.0 1.128 1.150 1.174 1.184 1.159
6.5 1.108 1.135 1.085 1.117 1.132 1.144 1.120
7.0 0.630 1.120 Yes 1.012 1.063 1.125 1.137 1.015
7.5 0.515 0.586 Yes 1.063 1.095 0.815
8.0 0.609 0.900 Yes 0.755
[Note: This table is only one of many completed for this project.]
Flashlights (medium drain device)
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Fig. 1. Graph of voltage vs. hours of battery use in flashlights for three brands of batteries.

[Note: This graph is one of three that the student prepared.]




According to my experiments, the Energizer maintained its voltage (dependent variable)
for approximately a 3% longer period of time (independent variable) than Duracell in a low
current drain device. For a medium drain device, the Energizer maintained its voltage for
approximately 10% longer than Duracell. For a high drain device, the Energizer maintained its
voltage for approximately 29% longer than Duracell. Basically, the Energizer performs with
increasing superiority, the higher the current drain of the device.

The heavy-duty non-alkaline batteries do not maintain their voltage as long as either
alkaline battery at any level of current drain.

Conclusions

My hypothesis was that Energizer would last the longest in all of the devices tested. My
results do support my hypothesis.

| think the tests I did went smoothly and | had no problems, except for the fact that the
batteries recover some of their voltage if they are not running in something. Therefore, | had to
take the measurements quickly.

An interesting future study might involve testing the batteries at different temperatures to
simulate actual usage in very cold or very hot conditions.

Acknowledgements
| would like to thank my teacher Mrs. Garmon, and my father who let me take over his

workshop while | worked on my experiment.
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What Makesa Great
Science LabNotebook?

Joanne Rebbeck, Ph.D.
February 24, 2005

Whether you are a research scientist or a first-
time science fair student, a lab notebook is a
crucial part of any research project. Itisa
detailed account of every phase of your
project, from the initial brainstorming to the
final research report. The lab notebook is
proof that certain activities occurred at
specific times. Journals and lab notebooks are
subject to scrutiny by the scientific
community and are acceptable evidence in a
court of law.

Here are a few pointers that are easy to follow. As a research scientist, | practice
these suggestions everyday. They should help keep you organized, and certainly will
impress any science fair judge. It's a great opportunity to show off all of your hard

work!

1. Find a durable hard-bound
notebook or black andwhite
composition bod, typically a
lined journal works great. Do not
attempt to use a spiral bound
notebook. They won't hold up
over the course of your
experiment. Papers are too easily
removed or torn from them, and
before you realize it, important
items are missing. Loose papers
are a disaster waiting to happen.

2. Label your lab notebookwith your name, phone number, email address, and

teacher's name in a prominent location. Make lab notebook entries in pen not in
pencil. This is a permanent record of all of your activities associated with your
project.

For more help with your science project go to www.sciencebuddies.org Page 1
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3. Number the pages in your lab notebook before using,itinless already
numbered for you.

4. Always dae every entry, just like a journal. Entries should be brief and
concise. Full sentences are not required.
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Lab notebook entry of observations made while watering planted oak acorns in
greenhouse

5. Don't worry about neatness It's a personal record of your work. Do not re-do
your lab notebook because it looks sloppy. Think of the lab notebook as your

For more help with your science project go to www.sciencebuddies.org Page 2
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"Dear Diary" for science fair. It's not just for recording data during the
experimental phase of your project and it's not just for your teacher.
It ShOUId be used 5/7p/ 99 220 pmo Leor, alivest daud .
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Log entries should
include your
brainstorming,
calculations,
library/internet searches,
phone calls, interviews,
meetings with mentors
or advisors, notes from
tours of laboratories,
research facilities and
other related activities.
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documentation of your
work.
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Hand drawing showing different ages of tree
branches that were sampled during an
experiment

Use it regularly andwrite down everything, even if it seems insignificant, it
could later be extremely useful. For example, it's the middle of the night and
you're frantically preparing that final report but you can't find the title of that
crucial reference. Make sure that you describe things completely, so that when
you read your notes weeks or months later you will be able to accurately
reconstruct your thoughts and your work.

For more help with your science project go to www.sciencebuddies.org Page 3
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8. Glue, stgple or tape any
loose papes, photocopies of
important items. Loose
papers or other unsecured
items are prohibited as they
tend to fall out and can end
up missing.

9. Organizeyour lab notebodk. Make a table of contents, index, and create tabs
for different sections within your lab notebook. This helps keep you organized
for different activities. For example, have a data collection section, a section
with contacts, sources, etc. and a section of schedule deadlines.

Table of Contents Tab color Page #
Deadline Schedule Red 1

Daily Notes & White 2
Reflections

Background Research Blue 20

Library & Internet

Information Green 26
Contacts, Supply

sources

Experimental Setup Yellow 35

Data collection Purple 40

Results (pictures, Orange 50

graphs, summary

tables)

Reflections Light blue 60

10. Include a reflections section in your lab notebook For example, what, if
anything would | do differently next time? What part of the experiment could
be changed to improve the experimental procedure?

For more help with your science project go to www.sciencebuddies.org Page 4
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11. Always include any changes made to procedurasishaps, failures, or
mistakes. As human beings, all of us make mistakes!

14105 my cat, Sheba scratched the pots 2/5/05 Disaster in the |ah this marning. Sefun

of soil, and ate 4 of my 12 plants. Iwill | manure digoestors last night in incubators,

have to replant everything! | need to temperature was set at 25°C but came into a real
protect plants from the silly cat. Maybe i | mess, samples heated up too much and caps blew
should try putting a screen around the | off. [ will need to try & lower temperature to
pots or keep cat outside! avoid this accident from happening again!!!!
HUGE MESS TO CLEAN UP.....

12. Include any and all observdions made during your experiment. In other
words, record ALL data directly in your lab notebook. If that is not possible,
then staple photocopies of data in the lab notebook.
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Entry of photosynthetic data from oak seedlings. Data files were also stored
electronically on a computer as shown in the next example.
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A list of data files and description of contents stored on a personal computer

Remember, keeping up a great lab notebook throughout the entire duration of the
science project really pays off later! Not only will a nicely maintained lab notebook
impress your teacher and the judges at the fair, it will also help you stay out of trouble
later when you need to look back and provide details of what you did.

Copyright © 2004-2005 Kenneth Lafferty Hess Family Charitable Foundation. Teachers: At
the school where you teach, you may distribute copies of this document to your students,
their parents, and their mentors. You may NOT post this document on the Web or republish it
in any way or form. All other rights reserved.
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