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ss
es

. T
he

 st
ud

en
t u

se
s c

rit
ic

al
 th

in
ki

ng
 a

nd
 

sc
ie

nt
ifi

c 
pr

ob
le

m
 so

lv
in

g 
to

 m
ak

e 
in

fo
rm

ed
 d

ec
is

io
ns

. T
he

 st
ud

en
t 

is
 e

xp
ec

te
d 

to
: 

 
 

 
 

• 
20

02
 A

PE
S 

qu
es

tio
n 

#4
 

(G
lo

ba
l c

ha
ng

e,
 c

lim
at

e,
 d

oc
um

en
t b

as
ed

) 
H

ig
he

r l
ev

el
 th

in
ki

ng
 

le
ad

s t
o 

hi
gh

er
 le

ve
l 

le
ar

ni
ng

. 
(A

) a
na

ly
ze

, r
ev

ie
w

, a
nd

 c
ri

tiq
ue

 sc
ie

nt
ifi

c 
ex

pl
an

at
io

ns
, i

nc
lu

di
ng

 
hy

po
th

es
es

 a
nd

 th
eo

ri
es

, a
s t

o 
th

ei
r s

tr
en

gt
hs

 a
nd

 w
ea

kn
es

se
s u

si
ng

 
sc

ie
nt

ifi
c 

ev
id

en
ce

 a
nd

 in
fo

rm
at

io
n;

 

√  
 

 
√ 

 
 

(B
) d

ra
w

 in
fe

re
nc

es
 b

as
ed

 o
n 

da
ta

 re
la

te
d 

to
 p

ro
m

ot
io

na
l m

at
er

ia
ls

 
fo

r p
ro

du
ct

s a
nd

 se
rv

ic
es

; 
 

 
 

√ 
 

 

(C
) r

ep
re

se
nt

 th
e 

na
tu

ra
l w

or
ld

 u
si

ng
 m

od
el

s a
nd

 id
en

tif
y 

th
ei

r 
lim

ita
tio

ns
; 

√ 
 

 
√ 

 
 

(D
) e

va
lu

at
e 

th
e 

im
pa

ct
 o

f r
es

ea
rc

h 
on

 sc
ie

nt
ifi

c 
th

ou
gh

t, 
so

ci
et

y,
 

an
d 

th
e 

en
vi

ro
nm

en
t; 

an
d 

 
 

 
√ 

 
 

(E
) c

on
ne

ct
 G

ra
de

 6
 sc

ie
nc

e 
co

nc
ep

ts
 w

ith
 th

e 
hi

st
or

y 
of

 sc
ie

nc
e 

an
d 

co
nt

rib
ut

io
ns

 o
f s

ci
en

tis
ts

. 
 

 
 

 
• 

Sc
ie

nt
is

t B
io

gr
ap

hy
* 

• 
Pr

oj
ec

t W
ild

 C
as

e 
St

ud
ie

s/
ac

tiv
iti

es
 –

 e
x.

  
"W

ha
t Y

ou
 W

ea
r i

s W
ha

t T
he

y 
W

er
e,

" 
"P

ol
ar

 B
ea

rs
 in

 P
ho

en
ix

," 
"C

he
ck

s a
nd

 
B

al
an

ce
s"

* 

 

(6
.4

)  
Sc

ie
nt

ifi
c 

pr
oc

es
se

s. 
Th

e 
st

ud
en

t k
no

w
s h

ow
 to

 u
se

 a
 v

ar
ie

ty
 

 
 

 
 

 
A

s i
n 

an
y 

w
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te

d 
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A
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C
om

m
en

ta
ry

 

of
 to

ol
s a

nd
 m

et
ho

ds
 to

 c
on

du
ct

 sc
ie

nc
e 

in
qu

iry
. T

he
 st

ud
en

t i
s 

ex
pe

ct
ed

 to
: 

si
tu

at
io

n,
 th

e 
ab

ili
ty

 to
 

us
e 

to
ol

s p
ro

pe
rly

 a
nd

 
ef

fic
ie

nt
ly

 h
el

ps
 

st
ud

en
ts

 to
 g

ai
n 

sk
ill

s 
an

d 
co

nf
id

en
ce

 to
 b

e 
su

cc
es

sf
ul

 in
 sc

ie
nc

e.
 

(A
)  

co
lle

ct
, a

na
ly

ze
, a

nd
 r

ec
or

d 
in

fo
rm

at
io

n 
us

in
g 

to
ol

s 
in

cl
ud

in
g 

be
ak

er
s, 

pe
tr

i d
is

he
s, 

m
et

er
 st

ic
ks

, g
ra

du
at

ed
 

cy
lin

de
rs

, w
ea

th
er

 in
st

ru
m

en
ts

, t
im

in
g 

de
vi

ce
s, 

ho
t p

la
te

s, 
te

st
 

tu
be

s, 
sa

fe
ty

 g
og

gl
es

, s
pr

in
g 

sc
al

es
, m

ag
ne

ts
, b

al
an

ce
s, 

m
ic

ro
sc

op
es

, t
el

es
co

pe
s, 

th
er

m
om

et
er

s, 
ca

lc
ul

at
or

s, 
fie

ld
 

eq
ui

pm
en

t, 
co

m
pa

ss
es

, c
om

pu
te

rs
, a

nd
 c

om
pu

te
r 

pr
ob

es
; a

nd
 

√ 
√ 

√ 
√ 

 
 

(B
) i

de
nt

ify
 p

at
te

rn
s i

n 
co

lle
ct

ed
 in

fo
rm

at
io

n 
us

in
g 

pe
rc

en
t, 

av
er

ag
e,

 r
an

ge
, a

nd
 fr

eq
ue

nc
y.

 
√ 

√ 
√ 

√ 
• 

M
ai

nt
ai

n 
a 

da
ily

/w
ee

kl
y/

m
on

th
ly

 w
ea

th
er

 
lo

g 
(te

m
pe

ra
tu

re
, h

um
id

ity
, p

re
ss

ur
e,

 w
in

d 
sp

ee
d 

&
 d

ire
ct

io
n)

* 

St
re

ss
in

g 
co

nn
ec

tio
ns

 
an

d 
pa

tte
rn

s h
el

ps
 

st
ud

en
ts

 to
 le

ar
n 

to
 lo

ok
 

fo
r t

he
m

 in
 a

ll 
of

 th
ei

r 
an

al
ys

es
. 

(6
.5

) S
ci

en
tif

ic
 c

on
ce

pt
s. 

Th
e 

st
ud

en
t k

no
w

s t
ha

t s
ys

te
m

s m
ay

 
co

m
bi

ne
 w

ith
 o

th
er

 sy
st

em
s t

o 
fo

rm
 a

 la
rg

er
 sy

st
em

. T
he

 st
ud

en
t i

s 
ex

pe
ct

ed
 to

: 

 
 

 
 

 
 

(A
)  

id
en

tif
y 

an
d 

de
sc

rib
e 

a 
sy

st
em

 th
at

 re
su

lts
 fr

om
 th

e 
co

m
bi

na
tio

n 
of

 tw
o 

or
 m

or
e 

sy
st

em
s s

uc
h 

as
 in

 th
e 

so
la

r s
ys

te
m

; 
an

d 

 
 

 
 

 
 

(B
) d

es
cr

ib
e 

ho
w

 th
e 

pr
op

er
tie

s o
f a

 sy
st

em
 a

re
 d

iff
er

en
t f

ro
m

 th
e 

pr
op

er
tie

s o
f i

ts
 p

ar
ts

. 
√ 

 
 

 
 

In
 A

PB
IO

, t
hi

s i
s 

fu
nd

am
en

ta
l t

o 
bo

dy
 

sy
st

em
s, 

ce
lls

, a
nd

 
bi

om
es

. 
(6

.6
) S

ci
en

tif
ic

 c
on

ce
pt

s. 
Th

e 
st

ud
en

t k
no

w
s t

ha
t t

he
re

 is
 a

 
re

la
tio

ns
hi

p 
be

tw
ee

n 
fo

rc
e 

an
d 

m
ot

io
n.

 T
he

 st
ud

en
t i

s e
xp

ec
te

d 
to

: 
 

 
 

 
 

 

(A
) i

de
nt

ify
 a

nd
 d

es
cr

ib
e 

th
e 

ch
an

ge
s i

n 
 p

os
iti

on
, d

ir
ec

tio
n 

of
 

m
ot

io
n,

 a
nd

 sp
ee

d 
of

 a
n 

ob
je

ct
 w

he
n 

ac
te

d 
up

on
 b

y 
fo

rc
e;

 
 

 
√ 

 
• 

Ph
ys

ic
s o

f S
po

rts
* 

• 
C

oa
st

er
s #

1*
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 A
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H

Y
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(F

or
ce

 a
nd

 m
ot

io
n 

of
 a

 M
ar

s r
ov

er
) 

• 
19

99
 A

PP
H

Y
-C

 M
ec

h 
qu

es
tio

n 
#2

 
(O

bj
ec

t f
al

lin
g 

th
ro

ug
h 

a 
pl

an
et

) 
• 

20
02

 A
PP

H
Y

-B
 q

ue
st

io
n 

#1
 

(R
oc

ke
t t

hr
us

tin
g 

up
w

ar
ds

) 
(B

) d
em

on
st

ra
te

 th
at

 c
ha

ng
es

 in
 m

ot
io

n 
ca

n 
be

 m
ea

su
re

d 
an

d 
gr

ap
hi

ca
lly

 r
ep

re
se

nt
ed

; a
nd

 
 

 
√ 

 
• 

C
oa

st
er

s #
2*

 
• 

20
00

 A
PP

H
Y

-B
 q

ue
st

io
n 

#1
 

(V
el

oc
ity

 v
s. 

tim
e 

gr
ap

h)
 

• 
20

01
 A

PP
H

Y
-C

 M
ec

h 
qu

es
tio

n 
#1

 
(C

ar
t c

ol
lid

in
g 

w
ith

 a
 fo

rc
e 

pr
ob

e)
 

• 
20

02
 A

PP
H

Y
-C

 M
ec

h 
qu

es
tio

n 
#3

 
(C

ar
t c

ol
lid

in
g 

w
ith

 a
 sp

rin
g)

 

 

(C
) i

de
nt

ify
 fo

rc
es

 th
at

 sh
ap

e 
fe

at
ur

es
 o

f t
he

 E
ar

th
 in

cl
ud

in
g 

up
lif

tin
g,

 m
ov

em
en

t o
f w

at
er

, a
nd

 v
ol

ca
ni

c 
ac

tiv
ity

. 
 

 
 

√ 
 

 

(6
.7

)  
Sc

ie
nc

e 
co

nc
ep

ts
.  

Th
e 

st
ud

en
t k

no
w

s t
ha

t s
ub

st
an

ce
s h

av
e 

ph
ys

ic
al

 a
nd

 c
he

m
ic

al
 p

ro
pe

rti
es

.  
Th

e 
st

ud
en

t i
s e

xp
ec

te
d 

to
: 

 
 

 
 

 
 

(A
) d

em
on

st
ra

te
 th

at
 n

ew
 su

bs
ta

nc
es

 c
an

 b
e 

m
ad

e 
w

he
n 

tw
o 

or
 

m
or

e 
su

bs
ta

nc
es

 a
re

 c
he

m
ic

al
ly

 c
om

bi
ne

d 
an

d 
co

m
pa

re
 th

e 
pr

op
er

tie
s o

f t
he

 n
ew

 su
bs

ta
nc

es
 to

 th
e 

or
ig

in
al

 su
bs

ta
nc

es
; a

nd
 

 
√  

 
 

 
 

(B
) c

la
ss

ify
 su

bs
ta

nc
es

 b
y 

th
ei

r p
hy

si
ca

l a
nd

 c
he

m
ic

al
 p

ro
pe

rt
ie

s. 
 

√  
 

 
• 

20
01

 A
PC

H
EM

 q
ue

st
io

n 
#5

 
(P

ra
ct

ic
al

 a
pp

lic
at

io
ns

 in
cl

. c
on

du
ct

iv
ity

, 
bo

ili
ng

 p
t.,

 re
ac

tiv
ity

, a
nd

 p
H

) 

 

(6
.8

) S
ci

en
ce

 c
on

ce
pt

s. 
 T

he
 st

ud
en

t k
no

w
s t

ha
t c

om
pl

ex
 

in
te

ra
ct

io
ns

 o
cc

ur
 b

et
w

ee
n 

m
at

te
r a

nd
 e

ne
rg

y.
  T

he
 st

ud
en

t i
s 

ex
pe

ct
ed

  t
o:

 

 
 

 
 

 
 

(A
) d

ef
in

e 
m

at
te

r a
nd

 e
ne

rg
y;

 
 

√ 
√ 

 
 

 
(B

) e
xp

la
in

 a
nd

 il
lu

st
ra

te
 th

e 
in

te
ra

ct
io

ns
 b

et
w

ee
n 

m
at

te
r 

an
d 

en
er

gy
 in

 th
e 

w
at

er
 c

yc
le

 a
nd

 in
 th

e 
de

ca
y 

of
 b

io
m

as
s s

uc
h 

as
 in

 
a 

co
m

po
st

 b
in

; a
nd

 

√ 
 

 
√ 

• 
Ev

ap
or

at
io

n 
an

d 
C

on
de

ns
at

io
n*

 
• 

D
ra

w
 a

nd
 il

lu
st

ra
te

 th
e 

w
at

er
 c

yc
le

 
• 

Fi
el

d 
tri

p 
to

 sa
ni

ta
ry

 la
nd

fil
l o

r r
ec

yc
lin

g 
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es

 
 

C
om

m
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ta
ry

 

ce
nt

er
 

(C
) d

es
cr

ib
e 

en
er

gy
 fl

ow
 in

 li
vi

ng
 sy

st
em

s i
nc

lu
di

ng
 fo

od
 c

ha
in

s 
an

d 
fo

od
 w

eb
s. 

√ 
 

 
√ 

• 
Pr

oj
ec

t W
ild

 –
“D

ea
dl

y 
Li

nk
s”

* 
• 

U
si

ng
 c

ol
or

 to
 su

rv
iv

e 
in

 n
at

ur
e*

 
• 

H
um

an
 F

oo
d 

W
eb

 G
am

e 
(e

ac
h 

pe
rs

on
 is

 
an

 o
rg

an
is

m
, s

ta
rt 

w
ith

 p
ro

du
ce

r, 
th

ro
w

 
ba

ll 
of

 y
ar

n 
th

ro
ug

ho
ut

 th
e 

w
eb

; s
ho

w
 

w
ha

t h
ap

pe
ns

 if
 a

 sp
ec

ie
s d

is
ap

pe
ar

s)
; 

Fo
od

 W
eb

 B
ul

le
tin

 B
oa

rd
s (

us
e 

lo
ca

l 
or

ga
ni

sm
s, 

dr
aw

 p
ic

tu
re

s o
r u

se
 n

am
es

 a
nd

 
th

en
 a

rr
ow

s t
o 

m
ak

e 
a 

bu
lle

tin
 b

oa
rd

 
ill

us
tra

tin
g 

th
e 

fo
od

 w
eb

).*
 

 

(6
.9

) S
ci

en
ce

 c
on

ce
pt

s. 
Th

e 
st

ud
en

t k
no

w
s t

ha
t o

bt
ai

ni
ng

, 
tra

ns
fo

rm
in

g,
 a

nd
 d

is
tri

bu
tin

g 
en

er
gy

 a
ff

ec
ts

 th
e 

en
vi

ro
nm

en
t. 

Th
e 

st
ud

en
t i

s e
xp

ec
te

d 
to

: 

 
 

 
 

• 
19

99
 A

PE
S 

qu
es

tio
n 

#2
 

(R
es

ou
rc

es
, e

nv
iro

nm
en

ta
l l

aw
) 

Th
is

 o
fte

n 
in

vo
lv

es
 

m
at

he
m

at
ic

al
 

co
m

pu
ta

tio
ns

 in
 A

PE
S.

 
(A

) i
de

nt
ify

 e
ne

rg
y 

tra
ns

fo
rm

at
io

ns
 o

cc
ur

rin
g 

du
rin

g 
th

e 
pr

od
uc

tio
n 

of
 e

ne
rg

y 
fo

r h
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an
 u
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 su

ch
 a

s e
le

ct
ric

al
 e

ne
rg

y 
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 h
ea

t e
ne

rg
y 
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he
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 e
ne
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y 
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 e

le
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al

 e
ne
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√ 
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√ 
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20
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Y
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M
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ra
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er
gy
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G
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de
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EK
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fo

r 
A

PE
S 
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)  

co
m

pa
re

 m
et

ho
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 u
se
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fo

r t
ra

ns
fo

rm
in

g 
en

er
gy

  i
n 

de
vi

ce
s s

uc
h 

as
 w

at
er
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ea

te
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, c
oo

lin
g 

sy
st

em
s, 

or
 h

yd
ro

el
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tr
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in

d 
po

w
er

 
pl

an
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√ 
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m
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r 
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R
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AP* Science Test Formats

Visit the College Board Web site for current exam formats.
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AP* Science Multiple-Choice Terminology

All of the following...are true EXCEPT

All of the following can...EXCEPT

In order of decreasing...

In order of increasing...

Which of the following BEST explains...

Which of the following does not describe...

Which of the following...is not...(choices may be used once, twice, or not at all)

Which of the following is true?

Which of the following terms includes all the others?

General Comments on AP Science Multiple-Choice Test Questions

Questions have 5 reasonable answers.

One choice will not be the opposite of another (all choices are reasonable).

There will be single and multiple concept questions.

There is a minimal number of recall questions.

Questions often involve the interpretation of graphs and diagrams.

There are often cluster questions which follow a reading or experimental information.

There are often one set of answers with several questions following. These answers may be used
once, twice, or not at all. This is usually not stated.

Many questions are followed by statements I, II, III, IV, and V.

The answer set would allow for multiple correct answers such as:

I and IIA.
II and IVB.
III onlyC.
I, II, III, and IVD.
IV onlyE.

Some questions will have the mathematical set up instead of numerical answers (no calculators
allowed in this section).

Some questions involve relatively simple calculations and estimations (without a calculator).

In AP physics, answers are sometimes given in terms of variables instead of numerical answers.

In AP chemistry, descriptive lab questions (colors, odors, solubility) are often found.

In AP biology, expect the 12 laboratory objectives to be tested.
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AP* Science Free-Response Terminology

These phrases have been used in previous AP* science tests. Using these same phrases in
Pre-AP* courses will help prepare the student for AP tests and will enhance their essay writing
skills.

Account for the fact...

Calculate...

Choose three of the following and...(from one free-response question)

Compare...

Describe...

Describe an experiment...

Describe and discuss...

Describe how to change the conditions of the experiment to...

Describe the...and explain...

Design a/an (controlled) experiment...

Determine...as a function of...

Determine the value of...

Discuss...

Draw and label...

Estimate...

Explain...

Explain and defend or refute this statement...

Explain how to calculate...

Explain how you could experimentally determine...

Explain the implications of...

Explain the meaning of...

Explain your reasoning...

Express your answer in terms of...

Graph the data...

Identify a reasonable source of experimental error and the effect it would have on your measured
value...

Identify another example of...

Indicate how...

Indicate whether...
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Justify your answer...

Justify your prediction...

List and describe...

List measurements that must be made in order to...

Make an argument for...

Outline the procedures...

Plot these data...

Propose...

Propose a hypothesis...

Provide one argument for...

Select...and describe (or explain)...

Show calculations to support your answer...

Show the setup for the calculations...

Show your work...

Sketch...

State clearly...

Summarize the pattern...

Suppose...What effect would this have on the calculated value of...? Justify your answer.

Trace...

Using principles of...

What effect... Justify...
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Writing a Free-Response Answer in Chemistry and
Physics

The following are intended to be guidelines for writing logical answers to free-response type
questions and problems. These guidelines should be taught and reinforced at all levels.

Read the question twice including the introductory comments.

Underline or highlight what is given and what is required.

Do not restate the question or write an introductory paragraph.

If there are choices provided, read each question entirely before making your choice.

Free-response questions often include multiple concepts whether mathematical or short answer.

Mathematical questions

Mathematics problems should have all work shown completely in a logical fashion.
Units should be labeled throughout the problem and especially in the answer.
When equations are used, show the equation used before numerical substitution, then write
the equation with substitution.
Relationships may be written in words rather than set up mathematically.
The final answer should be rounded to the correct number of significant digits with proper
units.
In physics, the final answer may be required to be given in terms of a given variable.

Essay questions

Essays are really very short-answer questions.
Start by answering the question and then support your answer with explanations.
Bulleted statements, equations, structures, or sketches may provide much of the answer.
Drawings are always helpful and sometimes required. For example, bonding questions in
chemistry and free-body diagrams in physics should contain drawings.
Students must address all parts of the question.
Laboratory essays may include lists of materials, labeled diagrams, procedures,
measurements to be taken, calculations to be performed, graphs to be drawn and/or
analyzed, along with error analysis.
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Writing a Free-Response Answer in Biology and
Environmental Science

Read the question twice.

Underline (highlight, outline, etc.) what the question is asking for.

Begin answering the question in the order it is written; DO NOT restate the question or write an
introductory paragraph.

If the question says to 'discuss' or 'describe'

Define the topic
Describe or elaborate on the topic
State an example of that topic

If the question says to 'compare and contrast'

Clearly state what the items have in common
Clearly state how items are different

If the question for a graph to be made

Label each axis with a name and with units
Title the graph
Scale and number the axes correctly
Use the correct type of graph (2 sets of numbers = line graph, 1 set of numbers and 1 set
of words = bar graph)

If the question asks to solve a problem (especially in APES)

Show every single step of all work
Set up problems so that labels cancel out (dimensional analysis)
Write answers with labels
If numbers are huge, use scientific notation if at all possible

If the question asks for lab design

State a hypothesis in the "If, then" format
Describe each step of a planned experiment in detail
State exactly what the controls are
Make sure to mention that the experiment uses multiple samples (50+) or is repeated
multiple times
Describe expected results

For ALL questions

Answer in complete sentences; do NOT use lists, charts, outlines, etc.
Label each section as it is labeled in the question (a, b, c or i, ii, iii)
Add a clearly labeled diagram to support your answer, but it cannot be the entire answer
For every statement you write, ask yourself "WHY." If there is an answer to that 'why' keep
on writing!!!!!
Do not answer more than what is asked for. For example, if the questions says to choose 3
out of 5 topics, ONLY answer three out of 5; e.g. if the question asks specifically about
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RNA, don't discuss DNA duplication.

Remember, time is of the essence. You have 22.5 minutes per question.
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Grading Hints for Free-Response Questions

Start early in the year writing a free response (over a simple topic) in class and going over
the rubric for it. Teaching the skill early on makes grading easier later and saves a lot of
tutorial time.
Create a rubric with positive points when you write the question.
Highlight or check off correct parts of free-response answers as you grade them; this
makes it easier to add up the points.
Grade all free-response answers at one sitting to develop a flow/pattern (this will also be
fairer to the students).
On mathematics problems, give partial credit for

set up of problem;
correct labels;
correct answer with correct label and work shown clearly earns full credit; and
hint: look for final answer; if correct, just scan that work is present.

Encourage students to separate and label each section (a, b, c or i, ii, iii); this helps them
organize their work and makes your grading easier and faster.
Go over the free-response question and rubric after grading with the entire class; this will
eliminate the need to write comments on every individual paper (and save a lot of time over
all).
Use the College Board's rubrics if you use an AP* Free Response verbatim; there is no
need to 'reinvent the wheel.'
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