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O

R
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R
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1.
U

se
of

M
icroscopes

2.
S

tatem
en

t
ab

o
u
t

D
issectio

n
3.

S
am

ple
L

ab
R

ep
o
rts

4.
M

o
d
el

for
C

o
n
d
u
ctin

g
a

S
cience

F
air

“T
he

one
w

ho
searches

a1w
aysflncis.”
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M
IC

R
O

S
C

O
P

Y

T
he

m
icroscope

is
an

integral
tool

for
studying

the
life

sciences.
W

ith
the

aid
of

the
m

icroscope,
scientists

have
learned

detailed
concepts

of
m

icroorganism
s,

cell
structure

and
function

and
the

com
pounds

o
f

living
organism

s.
T

he
concept

and
use

of
the

m
icroscope

should
be

introduced
in

the
early

grades
and

continue
throughout

high
school.

B
elow

is
a

suggested
tim

etable
of

w
hen

concepts
and

topics
about

m
icroscopy

should
be

introduced
and

m
astered.

K
—

2
M

agnification,
using

hand
lenses

3
—

5
Proper

use
of

types
of

m
icroscopes

(com
pound,

dissection)
U

se
and

care
of

m
icroscopes

O
bserving

sm
all

objects
(dissecting)

O
bserving

preserved
slides

6
—

8
H

istory
of

m
icroscopy

Parts
of

the
m

icroscope
D

eterm
ining

low
and

high
pow

er
m

agnification

9—
12

E
xpand

know
ledge

and
skills

in
use

of
m

icroscope
(com

pound)
P

reparing
w

et
m

ounts
and

use
of

stains
O

bserving
and

identifying
m

icroorganism
s

in
pond

w
ater

E
lectron

m
icroscopy

2
3
9
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P
R

O
P

E
R

U
SE

O
F

A
M

IC
R

O
S

C
O

P
E

C
A

R
R

Y
IN

G
O

F
A

M
IC

R
O

S
C

O
P

E

1.
H

old
the

m
icroscope

w
ith

one
hand

on
the

arm
and

the
other

hand
under

the
base.

2.
K

eep
the

m
icroscope

straight
up

w
hen

carrying
so

the
eyepiece

does
not

fall
out.

U
S

IN
G

T
H

E
M

IC
R

O
S

C
O

P
E

T
O

V
IE

W
A

S
P

E
C

IM
E

N

1.
M

ake
sure

the
m

icroscope
has

the
low

est
pow

er
objective

in
place

and
this

objective
is

as
close

to
the

specim
en

as
possible.

2.
A

djust
the

light
source

(m
irror

or
light).

3.
U

se
only

lens
paper

to
clean

the
objective

and
eyepiece.

4.
Place

the
slide

on
the

stage.
Place

the
stage

clips,
ifpresent,

onto
the

slide
to

hold
it

in
place.

5.
A

s
you

look
through

the
eyepiece,

slow
ly

raise
the

low
est

pow
er

objective
using

the
coarse

adjustm
ent

knob
until

the
specim

en
gets

into
focus.

6.
U

se
the

fine
adjustm

ent
knob

to
com

plete
the

focusing
of

the
specim

en.
7.

M
ost

m
icroscopes

are
par

focal,
w

hich
m

eans
w

hen
a

specim
en

is
in

focus
under

one
objective,

it
is

in
focus

in
all

other
objectives.

T
o

increase
m

agnification,
carefully

sw
itch

the
objective

lens
to

the
next

higher
pow

er.
Y

ou
should

only
use

the
fine

adjustm
ent

knob
to

m
ake

the
im

age
clearer.

N
E

V
E

R
U

SE
T

H
E

C
O

A
R

S
E

A
D

JU
S

T
M

E
N

T
K

N
O

B
W

H
E

N
U

S
IN

G
T

H
E

H
IG

H
P

O
W

E
R

O
B

JE
C

T
IV

E
!

8.
R

epeat
the

sam
e

procedure
for

each
slide

you
exam

ine.
9.

W
hen

finished
using

the
m

icroscope,
rem

ove
the

slide.
T

hen
m

ake
sure

the
low

est
objective

is
in

the
view

ing
position

and
that

it
is

as
close

to
the

stage
as

possible.
U

nplug
the

electrical
cord,

if
present,

and
w

rap
it

around
the

base.
C

lean
the

lenses.
10.

R
eturn

the
m

icroscope
to

its
proper

storage
location.
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T
Y

P
E

S
O

F
M

IC
R

O
S

C
O

P
E

S

S
T

E
R

E
O

M
IC

R
O

S
C

O
P

E
R

elatively
low

m
agnification

U
sually

4x
to

30x
U

sed
for

view
ing

M
anipulating

larger
objects

C
O

M
P

O
U

N
D

C
ontains

m
ore

than
one

lens
M

agnifies
im

age
up

to
1000

tim
es

U
seful

in
studying

m
any

kinds
ofcells

and
sm

all
organism

s
C

an
be

used
to

study
live

specim
ens

E
L

E
C

T
R

O
N

U
ses

a
beam

of
electrons

instead
of

light
to

exam
ine

a
sam

ple
M

agnified
im

ages
as

m
uch

as
1000

tim
es

L
arger

than
a

light
m

icroscope

T
Y

P
E

S
T

ransm
ission

E
lectron

M
icroscope

(T
E

M
)

•
shines

beam
of

electrons
on

sam
ple

•
m

agnifies
im

age
on

fluorescent
screen

•
specim

ens
m

ust
be

cut
into

very
thin

slices

Scanning
E

lectron
M

icroscope
(SE

M
)

•
uses

beam
ofelectrons

to
scan

surface
ofthe

sam
ple

•
collects

electrons
that

bounces
offsam

ple
and

form
s

im
age

on
television

screen

Scanning
Probe

M
icroscope

•
does

not
use

lenses
•

traces
surface

w
ith

a
tiny

tip
as

a
probe

•
have

produced
pictures

of
individual

atom
s

2
4

1
LA

flO
R

A
T

O
R

I



aU
’

C
O

M
PO

U
N

D
M

IC
R

O
S

C
O

P
E

S
PA

R
T

S
A

N
D

F
U

N
C

T
IO

N
S

E
Y

E
P

IE
C

E
C

ontains
a

m
agnifying

lens

A
R

M
Supportsthe

body
tube

S
T

A
G

E
Supports

the
slide

being
observed

O
P

E
N

IN
G

O
F

Perm
its

lightto
travelup

to
the

eyepiece
S

T
A

G
E

F
IN

E
M

ovesthebodytubeslightlytosharpenthefbcus
A

D
JU

S
T

M
E

N
T

C
O

A
R

SE
M

oves
the

body
tube

up
and

dow
n

forfocusing
A

D
JU

ST
M

E
N

T

B
A

SE
Supports

the
m

icroscope

IL
L

U
M

IN
A

T
O

R
Produces

lightorreflects
lightup

through
body

tube

D
IA

P
H

R
A

G
M

R
egulates

the
am

ountoflightentering
the

body
tube

D
IA

P
H

R
A

G
M

O
pen

and
closes

the
diaphragm

L
E

V
E

R

S
T

A
G

E
C

L
IPS

H
olds

the
slide

in
position

L
O

W
-P

O
W

E
R

Provides
a

m
agnification

of
lO

X
and

is
the

shorterofthe
objectives

O
B

JE
C

T
IV

E
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C
O

M
P

O
U

N
D

M
IC

R
O

S
C

O
P

E
S

(cont’d)

H
IG

H
-P

O
W

E
R

Provides
a

m
agnification

o
f43X

and
is

the
longer

ofthe
objectives

O
B

JE
C

T
IV

E

R
E

V
O

L
V

iN
G

C
ontains

the
low

and
high

pow
er

objectives
and

can
be

rotated
to

change
m

agnification
N

O
S

E
P

IE
C

E

B
O

D
Y

T
U

B
E

M
aintains

a
proper

distance
betw

een
eyepiece

and
the

objective
lenses

T
eacher

C
oin

in
ents:
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A
N

T
O

N
V

A
N

L
E

E
U

W
E

N
H

O
E

K
’S

S
IM

P
L

E
M

IC
R

O
S

C
O

P
E

M
icroscopy

began
w

ith
A

nton
van

L
eeuw

enhoek
(1632

—
1723),

a
D

utch
businessm

an-am
ateur

scientist
w

ho
ground

lenses
to

use
in

sim
ple

m
icroscopes.

H
e

m
ade

over
400

such
instrum

ents
and

used
them

to
m

ake
the

first
im

portant
observations

in
cell

biology.
It

w
as

L
eeuw

enhock’s
w

ork
that

pointed
to

the
existence

of
a

w
hole

new
category

o
f

living
organism

s
invisible

to
the

naked
eye

and
totally

unknow
n

to
science.

L
E

E
U

W
E

N
H

O
E

K
’S

M
IC

R
O

S
C

O
P

E
S

P
rinciple

A
sim

ple
m

icroscope
uses

a
double-convex

lens
w

ith
tw

o
outw

ardly
curving

sides
to

produce
an

enlarged
virtual

im
age

of
an

object.
h
o
w

it
w

orked
T

his
exam

ple
consisted

of
a

sm
all,

flat,
m

etal
plate

into
w

hich
a

double-convex
lens

w
as

fixed,
specim

ens
w

ere
placed

on
a

pin
that

could
be

adjusted
by

turning
screw

to
focus.

L
E

E
U

W
E

N
H

O
E

K
’S

O
B

S
E

R
V

A
T

IO
N

S
in

1672,
L

eeuw
enhoek

sent
sketches

and
descriptions

of
his

observations
to

the
R

oyal
S

ociety
in

L
ondon,

the
forem

ost
scientific

organization
of

the
tim

e.
T

his
excited

m
uch

interest
and

w
as

the
start

of
a

long
correspondence

w
ith

the
R

oyal
Society.

H
e

w
rote

165
letters

to
the

society
before

his
death

in
1723.

M
any

of
these

letters
w

ere
published

in
the

society’s
journal,

T
ra

n
sa

c
tio

n
s

o
f the

R
oyal

Society.

L
eeuw

enhoek
w

as
the

first
to

observe
unicellular

organism
s

(protists)
and,

in
1679,

hum
an

sperm
cells.

2
4
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C
O

M
P

O
U

N
D

M
IC

R
O

S
C

O
P

E
S

:
IM

A
G

E
F

O
R

M
A

T
IO

N

D
utch

spectacle
m

ak
er

Z
ach

arias
Janssen

(1580
—

1609)
and

physicist
C

ornelius
D

rebbel
(1572

—
1634)

had
m

ade
com

pound
m

icroscopes
som

e
years

p
rio

r
to

A
nton

van
L

eeuw
enhoek’s

w
ork

w
ith

sim
ple

m
icroscopes.

H
ow

ever,
these

early
com

pound
m

icroscopes
had

poor
quality

lenses
and

could
not

m
atch

the
resolving

pow
er

of
L

eeuw
enhoek’s

in
stru

m
en

ts.
W

ith
im

provem
ents

in
lens

m
aking

technology,
how

ever,
the

su
p
erio

rity
of

the
com

pound
design

becam
e

ap
p
aren

t
and

it
w

as
adopted

as
the

stan
d
ard

for
biological

research.

P
R

IN
C

1 P
L

F

C
om

pound
m

icroscopes
use

a
secondary

lens
to

m
agnify

the
im

age
produced

by
a

p
rim

ary
lens.

H
O

W
T

IlE
IM

A
G

E
IS

F
O

R
M

E
D

1,
L

ight
is

reflected
offa

m
irror

through
a

condenser
lens

onto
the

specim
en.

2.
T

he
objective

lens
—

a
double-convex

lens
w

ith
tw

o
outw

ardly
curving

sides
—

form
s

and
enlarged

real
im

age
of

the
specim

en.
3.

T
his

real
im

age
is

view
ed

through
an

ocular,
or

eyepiece,
lens

—
also

a
double-convex

lens.
T

his
produces

the
enlarged

virtual
im

age
that

is
seen

by
the

eye.

M
A

G
N

IF
IC

A
T

IO
N

A
factor

equal
to

the
m

agnifying
pow

er
of

the
objective

enlarges
the

final
im

age
and

the
ocular

lens
m

ultiplied
together.

For
exam

ple,
the

im
age

from
a

40
objective

lens
view

ed
through

a
10

ocular
lens

w
ill

be
m

agnified
by

a
factor

o
f

400
tim

es
(40

x
10

400).

L
IM

IT
A

T
IO

N
S

A
n

optical,
or

light,
m

icroscope
cannot

resolve
im

ages
of

objects
that

are
sm

aller
than

the
w

avelength
of

visible
light,

giving
a

m
axim

um
m

agnification
of

about
2,000

tim
es.

2
4
5

L
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A
D

V
A

N
C

E
D

C
O

M
P

O
U

N
D

M
IC

R
O

S
C

O
P

E
S

O
il

Im
m

ersion
m

icroscopes

V
ery

pow
erful

objective
lenses

that
can

m
agnify

an
object

up
to

100
tim

es
are

used
w

ith
oil

that
fills

the
space

betw
een

the
lens

and
the

specim
en.

T
he

optical
qualities

of
the

oil
allow

clearer
pictures

than
ifthe

space
is

filled
w

ith
air.

B
inocular

and
stereoscopic

m
icroscopes

Som
e

instrum
ents

have
binocular

eyepieces
that

provide
an

eyepiece
lens

for
each

eye.
S

tereoscopic
instrum

ents
have

a
set

of
objective

and
eyepiece

lenses
for

each
eye,

providing
a

three-dim
ensional

im
age

of
the

specim
en.

T
eacher

coiiiinents:
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S
U

G
G

E
S

T
E

D
G

U
iD

E
L

iN
E

S
R

E
G

A
R

D
IN

G
T

H
E

D
iS

S
E

C
T

IO
N

S
T

U
D

Y
A

N
D

U
S

E
O

F
A

N
IM

A
L

S
IN

K
-1

2
C

L
A

S
S

R
O

O
M

S

T
he

D
iocese

of
T

renton
is

dedicated
to

teaching
and

developing
responsible

attitudes
and

a
general

respect
and

reverence
for

all
living

organism
s.

W
e

also
recognize

the
historical

and
current

im
portance

of
anim

als
in

the
field

of
science,

especially
in

the
area

of
research.

A
fter

careful
consideration

of
various

current
view

s,
the

curriculum
com

m
ittee

highly
encourages

the
follow

ing
guidelines

he
adapted

in
all

D
iocesan

science
classes.

A
lternative

ideas
are

attached.

•
B

ased
on

our
philosophy,

w
e

highly
recom

m
end

that
v
erteb

rate
dissections

be
discontinued

w
ith

the
exception

of
A

dvanced
B

iology
classes.

•
Invertebrate

dissections
m

ay
be

undertaken
for

scientific
purposes.

W
hen

possible,
purchase

specim
ens

from
grocery

stores.
A

ll
dissections

selected
should

be
part

of
the

curriculum
and

the
seriousness

of
the

activity
should

be
stressed

to
the

students.
A

lw
ays

stress
safety

and
teach

the
proper

use
ofdissection

tools.
•

N
o

student
should

he
forced

to
participate

in
any

dissection.
A

lternative
m

ethods
should

be
m

ade
available,

e.g.,
c
o
m

p
u
te

r
s
o
ftw

a
re

,
videos,

Internet
actri’itics,

for
students

to
study

the
anatom

y
of

both
vertebrate

and
invertebrate

species.
A

ll
students,

w
hether

or
not

they
participate

in
a

class
lab,

should
be

held
responsible

for
the

academ
ic

m
aterial.

•
W

hen
conditions

perm
it,

living
organism

s,
both

plant
and

anim
al

should
be

kept
in

the
classroom

w
here

students
can

experience
and

learn
to

appreciate
various

species,
as

w
ell

as,
care

for
them

and
study

their
behavior.

State
and

local
regulations

for
the

care
of

these
anim

als
should

be
enforced

at
all

tim
es.

Studies
should

also
occur

in
natural

habitats
w

hen
possible.

•
T

he
curriculum

com
m

ittee
believes

that
student

research
techniques

are
not

properly
developed

at
the

pre-college
level

to
perm

it
the

use
of

vertebrate
anim

als
in

class
or

school
science

fair
projects.

A
ll

such
research

should
he

prohibited.
T

his
guideline

agrees
w

ith
1SF

rules
and

regulations.
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A
L

T
E

R
N

A
T

IV
E

S
T

O
D

IS
S

E
C

T
IO

N
R

E
S

O
U

R
C

E
S

F
O

R
E

D
U

C
A

T
O

R
S

For
m

ore
inform

ation
about

alternatives
to

classroom
dissection,

including
softw

are
and

m
odel

loan
program

s,
please

contact
the

follow
ing

organizations:

A
lternative

loans
are

available
from

:
H

um
ane

S
ociety

of
the

U
nited

States
2100

L
Street,

N
W

W
ashington,

D
C

20037
301-258-3042

w
w

w
.hsus.orE

A
catalog

of
alternatives,

B
eyond

D
issection,

is
available:

E
thical

S
cience

E
ducation

C
oalition

333
W

ashington
Street,

Suite
850

B
oston,

M
A

02108
617-367-9143

F
or

inform
ation

on
specific

alternative
projects

contact:
N

ational
A

ssociation
for

H
um

ane
and

E
nvironm

ental
E

ducation
67

N
orw

ich
E

ssex
T

urnpike
E.

H
addam

,
C

T
06423

860-434-8666
vw

w
.nahee.org

A
program

to
teach

students
about

environm
ental

and
anim

al
issues

C
D

-R
O

M
and

m
odel

loans
are

available
as

w
ell

from
:

A
nim

al
L

earn
801

O
ld

Y
ork

R
oad,

#204
Jenkintow

n,
PA

19046
800-729-2287

‘48
7
’jO
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S
A

M
P

L
E

O
F

R
U

B
R

IC
M

C
C

O
R

R
IS

T
1
N

C
A

T
H

O
L

IC
H

IG
H

S
C

H
O

O
L

S
C

IE
N

C
E

D
E

P
A

R
T

M
E

N
T

F
O

R
M

A
L

L
A

B
R

E
P

O
R

T
S

-
G

R
A

D
IN

G
C

R
IT

E
R

IA

N
o
te:

A
ll

labs
v
ill

not
contain

all
of

the
follow

ing
sections.

S
afety

P
rocedures

•
all

safety
procedures

w
ere

follow
ed

2
•

had
to

be
rem

inded
of

som
e

procedures
(goggles,

etc.)
0

•
m

ajor
safety

procedures
w

ere
not

follow
ed

0
for

the
w

hole
lab

T
itle

•
title

present
=

I
•

title
absent

0

P
urpose•

states
clear,

accurate
purpose

=
3

•
purpose

present,
w

ording
m

ay
not

be
clear,

spelling
and

gram
m

ar
m

istakes
2

•
purpose

stated
is

not
relevant

to
the

lab
=

I
•

fails
to

present
any

purpose
=

0

M
aterials

•
all

m
aterials

accurately
listed

2
•

m
ost

m
aterials

listed,
som

e
not

listed
=

•
m

aterial
section

not
present

0

2
4
9

R
(J3R

!C



R
U

B
R

IC
(cont’d)

H
ypothesis

•
states

clear,
concise,

appropriate
hypothesis

3
•

hypothesis
appropriate,but

not
w

orded
clearly;

m
ay

contain
spelling

or
gram

m
ar

m
istakes

or
is

incom
plete

=
2

•
hypothesis

not
relevant

for
the

topic
of

the
lab

=
1

•
hypothesis

not
present

0

P
ro

ced
u
re

•
steps

listed
clearly,

accurately
and

in
proper

sequence
3

•
one

or
tw

o
steps

are
not

precise,
in

proper
sequence

or
m

issing
=

2
•

m
ost

of
the

procedure
is

confusing,
not

non-sequential
or

m
issing

=
•

procedure
not

present
0

D
escriptive

O
bservations

•
statem

ents
are

clear,
concise,

accurate
and

in
full

sentence
form

at
6

•
observations

are
generally

clear,
one

or
tw

o
statem

ents
m

ay
lack

detailed
descriptions

or
contain

incom
plete

sentences
4

•
observations

are
sentence

fragm
ents

and/or
contain

vague
or

incom
plete

inform
ation

=
2

•
no

observations
are

noted
=

0

D
ata

(M
easurem

ents)
•

data
collected

is
accurate,

uses
proper

units
and

presented
in

proper
form

at
(tables,

charts,
etc.)

=
8

•
date

is
generally

correct
but

not
organized

in
proper

tables,
chart

or
listing

4
•

rio
data

is
present

0

C
alculations

•
accurate

form
ula

stated,
data

w
ith

units
used

correctly,
calculations

are
accurate

and
all

w
ork

is
show

n
=

8
•

form
ula

inform
ation

incom
plete

or
contains

som
e

calculation
m

istakes
4

•
form

ula
not

stated
or

calculations
m

issing
or

incorrect
=

0
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R
U

B
R

IC
(cont’d)

G
ra

pus•
graphs

are
accurate,

neat
w

ith
proper

labeling
=

8
•

graphs
are

generally
accurate,

label
m

issing,
careless

form
atting

=
6

•
som

e
data

plotted
inaccurately,

labels
m

issing,
careless

form
atting

=
4

•
graphs

are
inaccurate

(x
and

y
axis)

or
not

spaced
properly

=
2

•
graphs

are
m

issing
=

0

A
nalysis•

produces
an

analysis
consistent

w
ith

the
data

collected.
all

questions
are

answ
ered

correctly
in

com
plete

sentences
and

in
third

person
4

•
student

analysis
is

basically
sound,

questions
generally

are
answ

ered
correctly

in
com

plete
sentences

=
3

•
student

analysis
is

absent,
questions

are
answ

ered
in

sentence
fragm

ents
or

are
incom

plete
=

2
•

student
analysis

is
absent,

som
e

questions
are

m
issing

=

•
analysis

is
absent

=
0

C
on

chision
•

draw
s

a
conclusion

that
is

supported
by

the
data

and
gives

supporting
evidence

for
the

conclusion
=

3
•

draw
s

a
conclusion

that
is

supported
by

data,
but

fails
to

show
any

evidence
for

the
conclusion

=
2

•
draw

s
a

conclusion
that

is
not

supported
by

data
=

1
•

fails
to

reach
a

conclusion
=

0

F
o

rm
attin

g
of

L
ab

•
headings

are
underlined,

lines
skipped

betw
een

m
ajor

sections
=

2
•

headings
are

present,
but

underlining
or

skipped
lines

are
m

issing
and/or

sections
are

out
o
f

order
=

•
headings

not
present

=
0
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M
c

C
O

R
R

I
S

T
I
N

C
A

T
H

O
L

I
C

H
I
G

H
S

C
H

O
O

L
H

A
M

I
L

T
O

N
T

O
W

N
S

H
I
P

,
N

E
W

J
E

R
S

E
Y

F
O

R
M

A
L

L
A

B
R

E
P

O
R

T

S
T

U
D

E
N

T
S

C
O

R
iN

G
F

O
R

M

S
e
c
tio

n
G

ra
d
e

Safety
Procedures

T
itle

Purpose
M

aterials
H

ypothesis
Procedure
D

escriptive
O

bservations
D

ate
(M

easurem
ents)

C
alculations

G
raphs

A
nalysis

C
onclusion

Form
atting

of
L

ab
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S
E

T
T

IN
G

U
P

A
S

C
IE

N
C

E
F

A
IR

T
O

P
IC

S
F

O
R

T
H

E
C

O
O

R
D

IN
A

T
O

R
T

O
C

O
N

S
ID

E
R

W
H

Y
A

S
C

IE
N

C
E

F
A

IR
?

A
science

fair
provides

a
unique

opportunity
for

students
to

engage
in

a
long-tenn

research
project

and
investigation.

It
w

ill
require

the
use

of
the

scientific
m

ethod
as

w
ell

as
research

and
library

skills.
In

addition,
it

gives
students

a
chance

to
develop

their
com

m
unication

skills
as

they
prepare

a
w

ritten
report

and
oral

presentation.

K
IN

D
S

O
F

P
R

O
JE

C
T

S
T

here
are

four
categories

of
science

projects:
m

odels,
dem

onstrations,
collections

and
experim

ents.
E

ach
of

these
has

value;
but,

only
the

last
category,

experim
ents,

really
tests

a
student’s

ability
to

em
ulate

a
research

scientist.
T

he
other

kinds
of

projects
ready

do
nothing

to
prom

ote
the

use
of

the
scientific

m
ethod.

Y
ou

m
ay

choose
to

allow
students

to
develop

m
odels,

dem
onstrations

or
collections

for
a

science
fair;

how
ever,

w
e

suggest
you

consider
only

allow
ing

experim
ental

projects.
T

he
other

types
are

often
nothing

m
ore

than
a

sharing
of

established
principles

and
law

s.
T

he
experim

ental
project

requires
students

to
use

m
ethods

of
research

and
inquiry

sim
ilar

to
those

used
in

the
scientific

com
m

unity.
In

addition,
the

student
is

challenged
to

establish
a

hypothesis,
design

an
experim

ent,
collect

data,
interpret

the
data

and
draw

conclusions
based

on
that

data.
A

n
experim

ental
project

w
ill

prom
ote

research
and

study
skills,

creativity
and

give
a

student
firsthand

experience
using

the
experim

ental
process.

T
U

E
S

C
IE

N
T

iF
IC

M
E

T
H

O
D

T
his

is
an

organized
w

ay
of

thinking
about

problem
s.

It
has

evolved
over

hundreds
o
f

years
as

people
have

attem
pted

to
develop

a
system

ic
approach

to
problem

solving.
T

here
are

five
parts

to
this

m
ethod:

1.
ST

A
T

IN
G

T
H

E
P

R
O

B
L

E
M

-
A

question
com

es
to

m
ind.

It
is

often
established

from
the

observation
of

nature,
W

hy
does

som
ething

appear
to

happen
as

itdoes,
or

w
hat

if
this

w
ere

different?

2.
H

Y
PO

T
H

E
SIS

-
T

his
is

an
explanation

for
the

established
problem

.
A

student
establishes

an
explanation

to
be

tested.

3.
O

B
SE

R
V

A
T

IO
N

A
N

D
E

X
P

E
R

IM
E

N
T

A
T

IO
N

—
O

bservation
has

led
to

the
original

problem
and

the
student’s

hypothesis
or

explanation
for

it.
N

ow
an

experim
ent

m
ust

be
designed

to
test

the
validity

of the
hypothesis.

4.
IN

T
E

R
P

R
E

T
A

T
IO

N
O

F
D

A
T

A
—

D
uring

the
experim

ent,
m

easurem
ents

and
data

are
collected.

T
he

student
m

ust
evaluate

and
interpret

these
results.
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5.
C

O
N

C
L

U
SIO

N
S

F
inally

the
interpretation

of
results

com
pared

to
the

original
problem

and
hypothesis

w
ill

lead
to

the
establishm

ent
of

conclusions.
T

he
hypothesis

is
either

supported
or

disproved
and

conclusions
can

be
draw

n.

S
A

F
E

T
Y

C
O

D
E

S
A

N
D

A
N

IM
A

L
.

E
N

D
O

R
S

E
M

E
N

T
S

It
is

very’
im

portant
for

you
to

check
w

ith
the

state
about

safety
codes

and
endorsem

ents
related

to
the

handling
of

anim
als

and
bacteria.

W
rite

to
the

D
epartm

ent
of

E
ducation

in
your

state
to

request
inform

ation.
L

aw
s

have
been

established
to

insure
the

safety
to

science
fair

participants
and

the
anim

als
they

m
ay

he
studying.

S
C

h
E

D
U

L
IN

G
A

science
fair

project
is

a
long-term

project
requiring

betw
een

three
and

four
m

onths
of

preparation.
C

onsider
introducing

the
fair

in
O

ctober
or

N
ovem

ber
and

having
the

actual
fair

and
judging

in
January

or
February.

D
ates

w
ill

depend
on

m
any

factors
such

as:
•

availability
of

school
facilities

•
best

tim
e

for
teachers,

parents
and

students
•

date
of

regional
and

state
com

petitions

D
evelop

a
m

ethod
for

having
participants

share
their

progress
w

ith
you.

B
ecause

this
is

the
first

tim
e

m
any

students
w

ill
have

w
orked

on
such

a
long-range

project,
you

should
m

onitor
their

progress
regularly.

C
onsider

using
form

s
such

as
the

ones
fo

u
n

d
on

the
duplicating

m
aster

called
“M

onitoring
Form

s.”

JU
D

G
E

S
Y

ou
m

ight
be

required
to

recruit
judges

for
the

fair.
A

team
of

at
least

2
judges

should
evaluate

each
project.

E
ach

team
of

judges
should

be
responsible

for
around

7
to

10
projects

on
the

day
ofthe

fair.
Y

ou’ll
w

ant
judges

w
ho

have
had

experience
w

orking
w

ith
young

people.
T

he
fair

should
be

a
positive

experience
for

everyone.
Judges

m
ust

know
how

to
interact

w
ith

students
and

reinforce
the

good
as

w
ell

as
point

out
areas

for
im

provem
ent.

T
he

judges
should

be
know

ledgeable
in

the
sciences

and
experim

entation.
Seek

out
teachers,

adm
inistrators,

senior
citizens

or
college

students.
M

any
tim

es
parents

w
ho

w
ork

in
scientific

professions
m

ake
the

best judges.
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S
C

IE
N

C
E

F
A

iR
(cont’d)

JU
D

G
iN

G
T

he
judges

should
use

som
e

kind
of

evaluation
form

such
as

the
one

supplied
in

this
package.

E
ncourage

the
judges

to
include

com
m

ents
on

the
evaluation

fonns.
Judges

should
look

for
the

follow
ing:

•
know

ledge
ofproject

and
topic

•
dem

onstration
and

use
of

scientific
process

•
know

ledge
of

scientific
principles

•
neat

and
w

ell
organized

exhibit
•

creative
approach

to
research

and
exhibit

•
com

plete
abstract

and
research

paper
•

a
degree

of
individual

com
m

itm
ent

and
w

ork.
•

judges
should

he
realistic

and
realize

that
kids

developed
these

projects.

A
W

A
R

D
S

A
w

ards
such

as
ribbons

or
certificates

can
be

a
good

m
otivation

to
students

and
help

to
recognize

their
accom

plishm
ents

and
efforts.

T
he

aw
ards

should
not

be
the

sole
reason

a
student

participates.
Participation

in
a

science
fair

should
be

based
on

an
interest

to
learn

m
ore

about
a

particular
topic

and
a

desire
to

conduct
an

experim
ent

using
the

scientific
m

ethod.
C

onsider
handing

out
aw

ards
during

an
evening

assem
bly

so
that

parents
and

relatives
can

attend.
T

he
actualjudging

of
the

exhibits
could

take
place

during
the

day
and

then
a

special
assem

bly
could

be
set

up
so

that
visitors

can
view

all
the

exhibits
in

the
evening.

Presentations
can

be
m

ade
and

then
exhibits

could
be

dism
antled

and
taken

hom
e

so
that

the
school

facility
isn’t

over-run
w

ith
projects

for
tw

o
w

eeks.
T

he
m

ain
purpose

here
is

to
show

case
the

fair
for

fam
ily

and
friends

and
to

provide
participants

w
ith

the
recognition

they
deserve.

C
A

T
E

G
O

R
IE

S
Science

fair
projects

are
usually

grouped
into

categories
related

to
the

field
of

science
they

cover.
H

ere
is

a
suggested

list
of

categories:

A
E

R
O

S
P

A
C

E
—

T
he

study
ofthe

atm
osphere

and
outer

space;
also

the
design

ofaircraft
and

the
study

of
airflow

B
E

H
A

V
IO

R
A

L
SC

IE
N

C
E

—
T

he
study

of
anim

al
behavior,

learning,
perception

and
m

otivation
B

IO
C

H
E

M
IS

T
R

Y
—

C
hem

ical
processes

such
as

digestion,
respiration

and
photosynthesis

B
O

T
A

N
Y

T
he

study
ofplants
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S
C

IE
N

C
E

F
A

IR
(cont’d)

C
H

E
M

IST
R

Y
the

study
ofm

atter,
including

the
study

olcom
pounds,

gases,
analysis

ofproducts
and

atom
ic

theory
C

O
M

PU
T

E
R

PR
O

G
R

A
M

M
IN

G
—

w
riting

com
puter

program
s

to
cany

out
a

particular
task

C
O

N
SE

R
V

A
T

IO
N

study
and

protection
ofnatural

resources
E

A
R

T
H

SC
IE

N
C

E
—

study
of the

earth:
geology,

geography,
oceanography

and
seism

ology
E

L
E

C
T

R
O

N
IC

S
design

of
devices

that
use

electrical
circuits

E
N

G
IN

E
E

R
IN

G
—

design,
construction

and
operation

ofbuildings
and

m
achinery

H
E

A
L

T
H

SC
IE

N
C

E
S

—
physical

and
m

ental
health

ofpeople
M

IC
R

O
B

IO
L

O
G

Y
—

study
of m

icroorganism
s

PH
Y

SIC
S

—
study

of m
otion

and
energy

including
sound,

heat
and

light
Z

O
O

L
O

G
Y

study
of

anim
als

R
E

M
IN

D
E

R
C

heck
w

ith
your

state
about

safety
codes

and
regulations

regarding
the

handling
of

anim
als

and
bacteria.

B
e

sure
to

em
phasize

proper
care

w
hen

w
orking

w
ith

chem
icals,

electricity
and

anything
else

that
has

the
potential

ofcausing
injury

or
harm

.

C
riteria

should
include

connection
to

other
disciplines

such
as,

L
anguage

A
rts,

and
M

athem
atics.

Students
should

be
able

to
integrate

the
skills

and
concepts

ofcorrect
L

anguage
A

rts
usage,

vocabulary
and

correct
spelling

into
science

fair
reports.

T
his

connection
should

be
considered

in
the

judging
process.
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S
A

M
P

L
E

S
C

IE
N

C
E

F
A

IR
JU

D
G

E
S

’
S

C
O

R
E

S
H

E
E

T

Student’s
N

am
e

G
rade__________________

School

_________________________________________________________________________

C
ategory

T
itle

of
Project

(C
ircle

score
next

to
each

category
—

10
is

highest)

K
now

ledge
G

ained
1

2
3

4
5

6
7

8
9

10
(H

as
student

acquired
know

ledge
by

doing
this

project?)

Inform
ation

1
2

3
4

5
6

7
8

9
10

(Inform
ation

collected
through

research
valid

and
appropriate

to
the

grade
level?)

S
cientific

A
pproach

1
2

3
4

5
6

7
8

9
10

(W
as

a
scientific

approach
and

controlled
variable

used
in

conducting
the

experim
ent?)

C
ollection

of
D

ata
1

2
3

4
5

6
7

8
9

10
(W

ere
m

easurem
ents

accurately
taken

and
give

in
m

etric
units?)

C
onclusions

1
2

3
4

5
6

7
8

9
1()

(W
ere

stated
conclusions

logical
and

valid?)

W
ritten

W
ork

1
2

3
4

5
6

7
8

9
10

(A
bstract

present
and

research
paper

organized
and

com
plete?)
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S
C

IE
N

C
E

F
A

IR
(cont’d)

O
ral

P
resentation

1
2

3
4

5
6

7
8

9
10

(W
as

it
w

ell
planned

and
interesting’?)

E
xhibit

1
2

3
4

5
6

7
8

9
10

(V
isually

appealing,
neat

and
attractive’?)

E
ffort

1
2

3
4

5
6

7
8

9
10

(D
egree

of
individual

effort
dem

onstrated)

C
reativity

and
O

riginality
1

2
3

4
5

6
7

8
9

10
(D

oes
project

show
creative

approach
or

thought
in

design
or

presentation?)

C
om

m
ents:

O
utstanding

95
—

100
T

otal
S

core

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_

P
lace

______________________

First
90

-
94

Second
80

-
89

T
hird

70
—

79
H

onorable
M

ention
I

—
69

Judge’s
S

ignature
Judge’s

S
ignature
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