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INTRODUCTION

Since the release of the first draft of the Next Generation Science Standards (NGSS), NSTA 
has been at the forefront in promoting the standards and helping science educators 
become familiar with and learn to navigate this exciting but complex document. 
When the final version was released and states began adopting the standards, NSTA 
started to develop resources that would assist educators with their implementation, 
including web seminars, virtual conferences, sessions and forums at conferences, 
books, and the NGSS@NSTA Hub (http://ngss.nsta.org)—a digital destination focus-
ing on all things NGSS.

Along the way, NSTA learned that even the simplest of resources, such as a one-
page cheat sheet, can be extremely useful. Many of those tools are collected in this 
volume, including

• a two-page cheat sheet that describes the practices, core ideas, and crosscut-
ting concepts that make up the three dimensions described in A Framework 
for K–12 Science Education;

• an “Inside the NGSS Box” graphic that explains all of the individual sections 
of text that appear on a page of the NGSS;

• a Venn diagram comparing the practices in NGSS and Common Core State 
Standards in English language arts and mathematics; and

• matrixes showing how the NGSS are organized by topic and by disciplinary 
core idea.

We’ve also produced tables to describe the various parts of the standards. For 
example, the performance expectations describe what every student should know 
and be able to do by the end of a particular grade or grade span. These expectations 
are designed to assess the material in the foundation box, which includes

• science and engineering practices;

• disciplinary core ideas;

• crosscutting concepts;

• connections to engineering, technology, and applications of science; and

• connections to nature of science.

While summative assessments are required to focus on a particular combination 
of these components, curriculum developers and classroom teachers have the free-
dom to mix and match these components in a wide variety of ways. In fact, to learn 
any particular disciplinary core idea or crosscutting concept, students will need to 
engage in multiple practices in a well-thought-out sequence of learning experiences. 
The matrixes we developed and include in this book will help educators in their 
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planning. There are two different sets of matrixes. The first set shows the K–12 pro-
gression of each of the components in the foundation box (e.g., practices, core ideas, 
or connection to nature of science). These matrixes will help you understand how 
what students are expected to know and do in each grade span builds on what they 
have learned in earlier grades and prepares them for what they are expected to learn 
in later grades.

The second set of matrixes combines all the materials for a particular grade level 
together. For example, one of the matrixes focuses only on the science and engineer-
ing practices that students need to master in grades K–2.

The materials in this book should be a useful companion to the NGSS. The educa-
tors we have shared them with have found it helpful to photocopy particular pages 
for participants to use in a workshop or for colleagues to use during planning time. 
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ro

ce
ss

, o
r 

sy
st

em
 a

nd
 

in
cl

ud
es

 s
ev

er
al

 c
rit

er
ia

 fo
r 

su
cc

es
s 

an
d 

co
ns

tr
ai

nt
s 

on
 m

at
er

ia
ls

, t
im

e,
 o

r 
co

st
. 

•  
D

efi
ne

 a
 d

es
ig

n 
pr

ob
le

m
 th

at
 c

an
 b

e 
so

lv
ed

 th
ro

ug
h 

th
e 

de
ve

lo
pm

en
t o

f a
n 

ob
je

ct
, t

oo
l, 

pr
oc

es
s,

 o
r 

sy
st

em
 a

nd
 

in
cl

ud
es

 m
ul

tip
le

 c
rit

er
ia

 a
nd

 c
on

st
ra

in
ts

, 
in

cl
ud

in
g 

sc
ie

nt
ifi

c 
kn

ow
le

dg
e 

th
at

 m
ay

 
lim

it 
po

ss
ib

le
 s

ol
ut

io
ns

. 

• 
D

efi
ne

 a
 d

es
ig

n 
pr

ob
le

m
 th

at
 in

vo
lv

es
 

th
e 

de
ve

lo
pm

en
t o

f a
 p

ro
ce

ss
 o

r 
sy

st
em

 
w

ith
 in

te
ra

ct
in

g 
co

m
po

ne
nt

s 
an

d 
cr

ite
ria

 a
nd

 c
on

st
ra

in
ts

 th
at

 m
ay

 in
cl

ud
e 

so
ci

al
, t

ec
hn

ic
al

, a
nd

/o
r 

en
vi

ro
nm

en
ta

l 
co

ns
id

er
at

io
ns

. 

N
/A

 =
 N

ot
 a

pp
lic

ab
le

 fo
r 

th
is

 g
ra

de
 r

an
ge
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K–12 Progressions

Sc
ie

nc
e 

a
nd

 E
ng

in
ee

rin
g

 P
ra

ct
ic

es
: D

ev
el

op
in

g
 a

nd
 U

sin
g

 M
od

el
s 

A
 p

ra
ct

ic
e 

of
 b

ot
h 

sc
ie

nc
e 

an
d 

en
gi

ne
er

in
g 

is
 to

 u
se

 a
nd

 c
on

st
ru

ct
 m

od
el

s 
as

 h
el

pf
ul

 to
ol

s 
fo

r 
re

pr
es

en
tin

g 
id

ea
s 

an
d 

ex
pl

an
at

io
ns

. T
he

se
 to

ol
s 

in
cl

ud
e 

di
ag

ra
m

s,
 

dr
aw

in
gs

, p
hy

si
ca

l r
ep

lic
as

, m
at

he
m

at
ic

al
 r

ep
re

se
nt

at
io

ns
, a

na
lo

gi
es

, a
nd

 c
om

pu
te

r 
si

m
ul

at
io

ns
. M

od
el

in
g 

to
ol

s 
ar

e 
us

ed
 to

 d
ev

el
op

 q
ue

st
io

ns
, p

re
di

ct
io

ns
, a

nd
 

ex
pl

an
at

io
ns

; a
na

ly
ze

 a
nd

 id
en

tif
y 

fla
w

s 
in

 s
ys

te
m

s;
 a

nd
 c

om
m

un
ic

at
e 

id
ea

s.
 M

od
el

s 
ar

e 
us

ed
 to

 b
ui

ld
 a

nd
 r

ev
is

e 
sc

ie
nt

ifi
c 

ex
pl

an
at

io
ns

 a
nd

 p
ro

po
se

d 
en

gi
ne

er
ed

 
sy

st
em

s.
 M

ea
su

re
m

en
ts

 a
nd

 o
bs

er
va

tio
ns

 a
re

 u
se

d 
to

 r
ev

is
e 

m
od

el
s 

an
d 

de
si

gn
s.

K
–2

 C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
3–

5 
C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

6–
8 

C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
9–

12
 C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

M
od

el
in

g 
in

 K
–2

 b
ui

ld
s 

on
 p

rio
r 

ex
pe

rie
nc

es
 

an
d 

pr
og

re
ss

es
 to

 in
cl

ud
e 

us
in

g 
an

d 
de

ve
lo

pi
ng

 m
od

el
s 

(e
.g

., 
di

ag
ra

m
, d

ra
w

in
g,

 
ph

ys
ic

al
 r

ep
lic

a,
 d

io
ra

m
a,

 d
ra

m
at

iz
at

io
n,

 o
r 

st
or

yb
oa

rd
) 

th
at

 r
ep

re
se

nt
 c

on
cr

et
e 

ev
en

ts
 

or
 d

es
ig

n 
so

lu
tio

ns
. 

M
od

el
in

g 
in

 3
–5

 b
ui

ld
s 

on
 K

–2
 e

xp
er

ie
nc

es
 

an
d 

pr
og

re
ss

es
 to

 b
ui

ld
in

g 
an

d 
re

vi
si

ng
 

si
m

pl
e 

m
od

el
s 

an
d 

us
in

g 
m

od
el

s 
to

 
re

pr
es

en
t e

ve
nt

s 
an

d 
de

si
gn

 s
ol

ut
io

ns
. 

M
od

el
in

g 
in

 6
–8

 b
ui

ld
s 

on
 K

–5
 e

xp
er

ie
nc

es
 

an
d 

pr
og

re
ss

es
 to

 d
ev

el
op

in
g,

 u
si

ng
, a

nd
 

re
vi

si
ng

 m
od

el
s 

to
 d

es
cr

ib
e,

 te
st

, a
nd

 
pr

ed
ic

t m
or

e 
ab

st
ra

ct
 p

he
no

m
en

a 
an

d 
de

si
gn

 s
ys

te
m

s.
 

M
od

el
in

g 
in

 9
–1

2 
bu

ild
s 

on
 K

–8
 

ex
pe

rie
nc

es
 a

nd
 p

ro
gr

es
se

s 
to

 u
si

ng
, 

sy
nt

he
si

zi
ng

, a
nd

 d
ev

el
op

in
g 

m
od

el
s 

to
 

pr
ed

ic
t a

nd
 s

ho
w

 r
el

at
io

ns
hi

ps
 a

m
on

g 
va

ria
bl

es
 b

et
w

ee
n 

sy
st

em
s 

an
d 

th
ei

r 
co

m
po

ne
nt

s 
in

 th
e 

na
tu

ra
l a

nd
 d

es
ig

ne
d 

w
or

ld
(s

). 

• 
D

is
tin

gu
is

h 
be

tw
ee

n 
a 

m
od

el
 a

nd
 th

e 
ac

tu
al

 o
bj

ec
t, 

pr
oc

es
s ,

 a
nd

/o
r 

ev
en

ts
 th

e 
m

od
el

 r
ep

re
se

nt
s.

 

• 
C

om
pa

re
 m

od
el

s 
to

 id
en

tif
y 

co
m

m
on

 
fe

at
ur

es
 a

nd
 d

iff
er

en
ce

s.
 

• 
Id

en
tif

y 
lim

ita
tio

ns
 o

f m
od

el
s.

 
• 

E
va

lu
at

e 
lim

ita
tio

ns
 o

f a
 m

od
el

 f o
r 

a 
pr

op
os

ed
 o

bj
ec

t o
r 

to
ol

. 
• 

E
va

lu
at

e 
m

er
its

 a
nd

 li
m

it a
tio

ns
 o

f t
w

o 
di

ffe
re

nt
 m

od
el

s 
of

 th
e 

sa
m

e 
pr

op
os

ed
 

to
ol

, p
ro

ce
ss

, m
ec

ha
ni

sm
, o

r 
sy

st
em

 in
 

or
de

r 
to

 s
el

ec
t o

r 
re

vi
se

 a
 m

od
el

 th
at

 
be

st
 fi

ts
 th

e 
ev

id
en

ce
 o

r 
de

si
gn

 c
rit

er
ia

. 

• 
D

es
ig

n 
a 

te
st

 o
f a

 m
od

el
 to

 a
sc

er
ta

in
 it

s 
re

lia
bi

lit
y.

 

•  
D

ev
el

op
 a

nd
/o

r 
us

e 
a 

m
od

el
 to

 r
ep

re
se

nt
 

am
ou

nt
s,

 r
el

at
io

ns
hi

ps
, r

el
at

iv
e 

sc
al

es
 

(b
ig

ge
r, 

sm
al

le
r)

, a
nd

/o
r 

pa
tte

rn
s 

in
 th

e 
na

tu
ra

l a
nd

 d
es

ig
ne

d 
w

or
ld

(s
). 

• 
C

ol
la

bo
ra

tiv
el

y 
de

ve
lo

p 
an

d/
or

 r
ev

is
e 

a 
m

od
el

 b
as

ed
 o

n 
ev

id
en

ce
 th

at
 s

ho
w

s 
th

e 
re

la
tio

ns
hi

ps
 a

m
on

g 
va

ria
bl

es
 fo

r 
fr

eq
ue

nt
 a

nd
 r

eg
ul

ar
 o

cc
ur

rin
g 

ev
en

ts
. 

• 
D

ev
el

op
 a

 m
od

el
 u

si
ng

 a
n 

an
al

og
y,

 
e x

am
pl

e,
 o

r 
ab

st
ra

ct
 r

ep
re

se
nt

at
io

n 
to

 
de

sc
rib

e 
a 

sc
ie

nt
ifi

c 
pr

in
ci

pl
e 

or
 d

es
ig

n 
so

lu
tio

n.
 

• 
D

ev
el

op
 a

nd
/o

r 
us

e 
m

od
el

s 
to

 d
es

cr
ib

e 
an

d/
or

 p
re

di
ct

 p
he

no
m

en
a.

 

• 
D

ev
el

op
 o

r 
m

od
ify

 a
 m

od
el

—
ba

se
d 

on
 

ev
id

en
ce

—
to

 m
at

ch
 w

ha
t h

ap
pe

ns
 if

 a
 

va
ria

bl
e 

or
 c

om
po

ne
nt

 o
f a

 s
ys

te
m

 is
 

ch
an

ge
d.

 

• 
U

se
 a

nd
/o

r 
de

ve
lo

p 
a 

m
od

el
 o

f s
im

pl
e 

sy
st

em
s 

w
ith

 u
nc

er
ta

in
 a

nd
 le

ss
 

pr
ed

ic
ta

bl
e 

fa
ct

or
s.

 

• 
D

ev
el

op
 a

nd
/o

r 
re

vi
se

 a
 m

od
el

 to
 s

ho
w

 
th

e 
re

la
tio

ns
hi

ps
 a

m
on

g 
va

ria
bl

es
, 

in
cl

ud
in

g 
th

os
e 

th
at

 a
re

 n
ot

 o
bs

er
va

bl
e 

bu
t p

re
di

ct
 o

bs
er

va
bl

e 
ph

en
om

en
a.

 

• 
D

ev
el

op
 a

nd
/o

r 
us

e 
a 

m
od

el
 to

 p
r e

di
ct

 
an

d/
or

 d
es

cr
ib

e 
ph

en
om

en
a.

 

• 
D

ev
el

op
 a

 m
od

el
 to

 d
es

cr
ib

e 
un

ob
se

rv
ab

le
 m

ec
ha

ni
sm

s.
 

• 
D

ev
el

op
, r

ev
is

e,
 a

nd
/o

r 
us

e 
a 

m
od

el
 

ba
se

d 
on

 e
vi

de
nc

e 
to

 il
lu

st
ra

te
 a

nd
/

or
 p

re
di

ct
 th

e 
re

la
tio

ns
hi

ps
 b

et
w

ee
n 

sy
st

em
s 

or
 b

et
w

ee
n 

co
m

po
ne

nt
s 

of
 a

 
sy

st
em

. 

• 
D

ev
el

op
 a

nd
/o

r 
us

e 
m

ul
tip

le
 ty

pe
s 

of
 

m
od

el
s 

to
 p

ro
vi

de
 m

ec
ha

ni
st

ic
 a

cc
ou

nt
s 

an
d/

or
 p

re
di

ct
 p

he
no

m
en

a,
 a

nd
 m

ov
e 

fle
xi

bl
y 

be
tw

ee
n 

m
od

el
 ty

pe
s 

ba
se

d 
on

 
m

er
its

 a
nd

 li
m

ita
tio

ns
. 

• 
D

ev
el

op
 a

 s
im

pl
e 

m
od

el
 b

as
ed

 o
n 

ev
id

en
ce

 t o
 r

ep
re

se
nt

 a
 p

ro
po

se
d 

ob
je

ct
 

or
 to

ol
. 

• 
D

ev
el

op
 a

 d
ia

gr
am

 o
r 

si
m

pl
e 

ph
ys

ic
al

 
pr

ot
ot

yp
e 

to
 c

on
ve

y 
a 

pr
op

os
ed

 o
bj

ec
t, 

to
ol

, o
r 

pr
oc

es
s.

 

• 
U

se
 a

 m
od

el
 to

 te
st

 c
au

se
-a

nd
-e

ffe
ct

 
re

la
tio

ns
hi

ps
 o

r 
in

te
ra

ct
io

ns
 c

on
ce

rn
in

g 
th

e 
fu

nc
tio

ni
ng

 o
f a

 n
at

ur
al

 o
r 

de
si

gn
ed

 
sy

st
em

. 

• 
D

ev
el

op
 a

nd
/o

r 
us

e 
a 

m
od

el
 to

 g
en

er
at

e 
da

ta
 to

 te
st

 id
ea

s 
ab

ou
t p

he
no

m
en

a 
in

 
na

tu
ra

l o
r 

de
si

gn
ed

 s
ys

te
m

s,
 in

cl
ud

in
g 

th
os

e 
re

pr
es

en
tin

g 
in

pu
ts

 a
nd

 o
ut

pu
ts

, 
an

d 
th

os
e 

at
 u

no
bs

er
va

bl
e 

sc
al

es
. 

• 
D

ev
el

op
 a

 c
om

pl
ex

 m
od

el
 th

at
 a

llo
w

s 
fo

r 
m

an
ip

ul
at

io
n 

an
d 

te
st

in
g 

of
 a

 p
ro

po
se

d 
pr

oc
es

s 
or

 s
ys

te
m

. 

• 
D

ev
el

op
 a

nd
/o

r 
us

e 
a 

m
od

el
 (

in
cl

ud
in

g 
m

at
he

m
at

ic
al

 a
nd

 c
om

pu
ta

tio
na

l) 
to

 
ge

ne
ra

te
 d

at
a 

to
 s

up
po

rt
 e

xp
la

na
tio

ns
, 

pr
ed

ic
t p

he
no

m
en

a,
 a

na
ly

ze
 s

ys
te

m
s,

 
an

d/
or

 s
ol

ve
 p

ro
bl

em
s.
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Chapter 2
Sc

ie
nc

e 
a

nd
 E

ng
in

ee
rin

g
 P

ra
ct

ic
es

: P
la

nn
in

g
 a

nd
 C

a
rry

in
g

 O
ut

 In
ve

st
ig

a
tio

ns
 

S
ci

en
tis

ts
 a

nd
 e

ng
in

ee
rs

 p
la

n 
an

d 
ca

rr
y 

ou
t i

nv
es

tig
at

io
ns

 in
 th

e 
fie

ld
 o

r 
la

bo
ra

to
ry

, w
or

ki
ng

 c
ol

la
bo

ra
tiv

el
y 

as
 w

el
l a

s 
in

di
vi

du
al

ly
. T

he
ir 

in
ve

st
ig

at
io

ns
 a

re
 s

ys
te

m
at

ic
 

an
d 

re
qu

ire
 c

la
rif

yi
ng

 w
ha

t c
ou

nt
s 

as
 d

at
a 

an
d 

id
en

tif
yi

ng
 v

ar
ia

bl
es

 o
r 

pa
ra

m
et

er
s.

 E
ng

in
ee

rin
g 

in
ve

st
ig

at
io

ns
 id

en
tif

y 
th

e 
ef

fe
ct

iv
en

es
s,

 e
ffi

ci
en

cy
, a

nd
 d

ur
ab

ili
ty

 o
f 

de
si

gn
s 

un
de

r 
di

ffe
re

nt
 c

on
di

tio
ns

.

K
–2

 C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
3–

5 
C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

6–
8 

C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
9–

12
 C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

P
la

nn
in

g 
an

d 
ca

rr
yi

ng
 o

ut
 in

ve
st

ig
at

io
ns

 
to

 a
ns

w
er

 q
ue

st
io

ns
 o

r 
te

st
 s

ol
ut

io
ns

 
to

 p
ro

bl
em

s 
in

 K
–2

 b
ui

ld
s 

on
 p

rio
r 

ex
pe

rie
nc

es
 a

nd
 p

ro
gr

es
se

s 
to

 s
im

pl
e 

in
ve

st
ig

at
io

ns
, b

as
ed

 o
n 

fa
ir 

te
st

s,
 w

hi
ch

 
pr

ov
id

e 
da

ta
 to

 s
up

po
rt

 e
xp

la
na

tio
ns

 o
r 

de
si

gn
 s

ol
ut

io
ns

. 

P
la

nn
in

g 
an

d 
ca

rr
yi

ng
 o

ut
 in

ve
st

ig
at

io
ns

 
to

 a
ns

w
er

 q
ue

st
io

ns
 o

r 
te

st
 s

ol
ut

io
ns

 to
 

pr
ob

le
m

s 
in

 3
–5

 b
ui

ld
s 

on
 K

–2
 e

xp
er

ie
nc

es
 

an
d 

pr
og

re
ss

es
 to

 in
cl

ud
e 

in
ve

st
ig

at
io

ns
 

th
at

 c
on

tr
ol

 v
ar

ia
bl

es
 a

nd
 p

ro
vi

de
 e

vi
de

nc
e 

to
 s

up
po

rt
 e

xp
la

na
tio

ns
 o

r 
de

si
gn

 s
ol

ut
io

ns
. 

P
la

nn
in

g 
an

d 
ca

rr
yi

ng
 o

ut
 in

ve
st

ig
at

io
ns

 
in

 6
–8

 b
ui

ld
s 

on
 K

–5
 e

xp
er

ie
nc

es
 a

nd
 

pr
og

re
ss

es
 to

 in
cl

ud
e 

in
ve

st
ig

at
io

ns
 

th
at

 u
se

 m
ul

tip
le

 v
ar

ia
bl

es
 a

nd
 p

ro
vi

de
 

ev
id

en
ce

 to
 s

up
po

rt
 e

xp
la

na
tio

ns
 o

r 
so

lu
tio

ns
. 

P
la

nn
in

g 
an

d 
ca

rr
yi

ng
 o

ut
 in

ve
st

ig
at

io
ns

 
in

 9
–1

2 
bu

ild
s 

on
 K

–8
 e

xp
er

ie
nc

es
 a

nd
 

pr
og

re
ss

es
 to

 in
cl

ud
e 

in
ve

st
ig

at
io

ns
 th

at
 

pr
ov

id
e 

ev
id

en
ce

 fo
r 

an
d 

te
st

 c
on

ce
pt

ua
l, 

m
at

he
m

at
ic

al
, p

hy
si

ca
l, 

an
d 

em
pi

ric
al

 
m

od
el

s.
 

• 
W

ith
 g

ui
da

nc
e,

 p
la

n 
an

d 
co

nd
uc

t a
n 

in
ve

st
ig

at
io

n 
in

 c
ol

la
bo

ra
tio

n 
w

ith
 p

ee
rs

 
(f

or
 K

). 

• 
P

la
n 

an
d 

co
nd

uc
t a

n 
in

ve
st

ig
at

io
n 

co
lla

bo
ra

tiv
el

y 
to

 p
ro

du
ce

 d
at

a 
to

 s
er

ve
 

as
 th

e 
ba

si
s 

fo
r 

ev
id

en
ce

 to
 a

ns
w

er
 a

 
qu

es
tio

n.
 

•  
P

la
n 

an
d 

co
nd

uc
t a

n 
in

ve
st

ig
at

io
n 

co
lla

bo
ra

tiv
el

y 
to

 p
ro

du
ce

 d
at

a 
to

 s
er

ve
 

as
 th

e 
ba

si
s 

fo
r 

ev
id

en
ce

, u
si

ng
 fa

ir 
te

st
s 

in
 w

hi
ch

 v
ar

ia
bl

es
 a

re
 c

on
tr

ol
le

d 
an

d 
th

e 
nu

m
be

r 
of

 tr
ia

ls
 c

on
si

de
re

d.
 

• 
P

la
n 

an
 in

ve
st

ig
at

io
n 

in
di

vi
du

al
ly

 a
nd

 
co

lla
bo

ra
tiv

el
y,

 a
nd

 in
 th

e 
de

si
gn

 id
en

tif
y 

in
de

pe
nd

en
t a

nd
 d

ep
en

de
nt

 v
ar

ia
bl

es
 

an
d 

co
nt

ro
ls

, w
ha

t t
oo

ls
 a

re
 n

ee
de

d 
to

 
do

 th
e 

ga
th

er
in

g,
 h

ow
 m

ea
su

re
m

en
ts

 
w

ill
 b

e 
re

co
rd

ed
, a

nd
 h

ow
 m

an
y 

da
ta

 a
re

 
ne

ed
ed

 to
 s

up
po

rt
 a

 c
la

im
. 

• 
C

on
du

ct
 a

n 
in

ve
st

ig
at

io
n 

an
d/

or
 e

va
lu

at
e 

an
d/

or
 r

ev
is

e 
th

e 
ex

pe
rim

en
ta

l d
es

ig
n 

to
 p

ro
du

ce
 d

at
a 

to
 s

er
ve

 a
s 

th
e 

ba
si

s 
fo

r 
ev

id
en

ce
 th

at
 m

ee
t t

he
 g

oa
ls

 o
f t

he
 

in
ve

st
ig

at
io

n.
 

• 
P

la
n 

an
 in

ve
st

ig
at

io
n 

or
 te

st
 a

 d
es

ig
n 

in
di

vi
du

al
ly

 a
nd

 c
ol

la
bo

ra
tiv

el
y 

to
 p

ro
du

ce
 

da
ta

 to
 s

er
ve

 a
s 

th
e 

ba
si

s 
fo

r 
ev

id
en

ce
 

as
 p

ar
t o

f b
ui

ld
in

g 
an

d 
re

vi
si

ng
 m

od
el

s,
 

su
pp

or
tin

g 
ex

pl
an

at
io

ns
 fo

r 
ph

en
om

en
a,

 
or

 te
st

in
g 

so
lu

tio
ns

 to
 p

ro
bl

em
s.

 C
on

si
de

r 
po

ss
ib

le
 v

ar
ia

bl
es

 o
r 

ef
fe

ct
s 

an
d 

ev
al

ua
te

 
th

e 
co

nf
ou

nd
in

g 
in

ve
st

ig
at

io
n’

s 
de

si
gn

 to
 

en
su

re
 v

ar
ia

bl
es

 a
re

 c
on

tro
lle

d.
 

• 
P

la
n 

an
d 

co
nd

uc
t a

n 
in

ve
st

ig
at

io
n 

in
di

vi
du

al
ly

 a
nd

 c
ol

la
bo

ra
tiv

el
y 

to
 

pr
od

uc
e 

da
ta

 to
 s

er
ve

 a
s 

th
e 

ba
si

s 
fo

r 
ev

id
en

ce
, a

nd
 in

 th
e 

de
si

gn
 d

ec
id

e 
on

 ty
pe

s,
 h

ow
 m

uc
h,

 a
nd

 a
cc

ur
ac

y 
of

 d
at

a 
ne

ed
ed

 to
 p

ro
du

ce
 r

el
ia

bl
e 

m
ea

su
re

m
en

ts
 a

nd
 c

on
si

de
r 

lim
ita

tio
ns

 
on

 th
e 

pr
ec

is
io

n 
of

 th
e 

da
ta

 (
e.

g.
, 

nu
m

be
r 

of
 tr

ia
ls

, c
os

t, 
ris

k,
 ti

m
e)

; r
efi

ne
 

th
e 

de
si

gn
 a

cc
or

di
ng

ly
. 

• 
P

la
n 

an
d 

co
nd

uc
t a

n 
in

ve
st

ig
at

io
n 

or
 

te
st

 a
 d

es
ig

n 
so

lu
tio

n 
in

 a
 s

af
e 

an
d 

et
hi

ca
l m

an
ne

r 
in

cl
ud

in
g 

co
ns

id
er

at
io

ns
 

of
 e

nv
iro

nm
en

ta
l, 

so
ci

al
, a

nd
 p

er
so

na
l 

im
pa

ct
s.

 

•  
E

va
lu

at
e 

di
ffe

re
nt

 w
ay

s 
of

 o
bs

er
vi

ng
 

an
d/

or
 m

ea
su

rin
g 

a 
ph

en
om

en
on

 to
 

de
te

rm
in

e 
w

hi
ch

 w
ay

 c
an

 a
ns

w
er

 a
 

qu
es

tio
n.

 

•  
E

va
lu

at
e 

ap
pr

op
ria

te
 m

et
ho

ds
 a

nd
/o

r 
to

ol
s 

fo
r 

co
lle

ct
in

g 
da

ta
. 

•  
E

va
lu

at
e 

th
e 

ac
cu

ra
cy

 o
f v

ar
io

us
 

m
et

ho
ds

 fo
r 

co
lle

ct
in

g 
da

ta
. 

•  
S

el
ec

t a
pp

ro
pr

ia
te

 to
ol

s 
to

 c
ol

le
ct

, 
re

co
rd

, a
na

ly
ze

, a
nd

 e
va

lu
at

e 
da

ta
. 

•  
M

ak
e 

ob
se

rv
at

io
ns

 (
fir

st
ha

nd
 o

r 
fr

om
 

m
ed

ia
) 

an
d/

or
 m

ea
su

re
m

en
ts

 to
 

co
lle

ct
 d

at
a 

th
at

 c
an

 b
e 

us
ed

 to
 m

ak
e 

co
m

pa
ris

on
s.

 

• 
M

ak
e 

ob
se

rv
at

io
ns

 (
fir

st
ha

nd
 o

r 
fr

om
 

m
ed

ia
) 

an
d/

or
 m

ea
su

re
m

en
ts

 o
f a

 
pr

op
os

ed
 o

bj
ec

t o
r 

to
ol

 o
r 

so
lu

tio
n 

to
 

de
te

rm
in

e 
if 

it 
so

lv
es

 a
 p

ro
bl

em
 o

r 
m

ee
ts

 
a 

go
al

. 

• 
M

ak
e 

pr
ed

ic
tio

ns
 b

as
ed

 o
n 

pr
io

r 
e x

pe
rie

nc
es

. 

• 
M

ak
e 

ob
se

rv
at

io
ns

 a
nd

/o
r 

m
ea

su
re

m
en

ts
 

to
 p

ro
du

ce
 d

at
a 

to
 s

er
ve

 a
s 

th
e 

ba
si

s 
fo

r 
ev

id
en

ce
 fo

r 
an

 e
xp

la
na

tio
n 

of
 a

 
ph

en
om

en
on

 o
r 

te
st

 a
 d

es
ig

n 
so

lu
tio

n.
 

• 
M

ak
e 

pr
ed

ic
tio

ns
 a

bo
ut

 w
ha

t w
ou

ld
 

ha
pp

en
 if

 a
 v

ar
ia

bl
e 

ch
an

ge
s.

 

• 
Te

st
 t

w
o 

di
ffe

re
nt

 m
od

el
s 

of
 th

e 
sa

m
e 

pr
op

os
ed

 o
bj

ec
t, 

to
ol

, o
r 

pr
oc

es
s 

to
 

de
te

rm
in

e 
w

hi
ch

 b
et

te
r 

m
ee

ts
 c

rit
er

ia
 fo

r 
su

cc
es

s.
 

•  
C

ol
le

ct
 a

nd
 p

ro
du

ce
 d

at
a 

to
 s

er
ve

 a
s 

th
e 

ba
si

s 
fo

r 
ev

id
en

ce
 to

 a
ns

w
er

 s
ci

en
tifi

c 
qu

es
tio

ns
 o

r 
te

st
 d

es
ig

n 
so

lu
tio

ns
 u

nd
er

 
a 

ra
ng

e 
of

 c
on

di
tio

ns
. 

• 
C

ol
le

ct
 d

at
a 

ab
ou

t t
he

 p
er

fo
rm

an
ce

 o
f a

 
pr

op
os

ed
 o

bj
ec

t, 
to

ol
, p

ro
ce

ss
, o

r 
sy

st
em

 
un

de
r 

a 
ra

ng
e 

of
 c

on
di

tio
ns

. 

• 
M

ak
e 

di
re

ct
io

na
l h

yp
ot

he
se

s 
th

at
 

sp
ec

ify
 w

ha
t h

ap
pe

ns
 to

 a
 d

ep
en

de
nt

 
va

ria
bl

e 
w

he
n 

an
 in

de
pe

nd
en

t v
ar

ia
bl

e 
is

 
m

an
ip

ul
at

ed
. 

• 
M

an
ip

ul
at

e 
va

ria
bl

es
 a

nd
 c

ol
le

ct
 d

at
a 

ab
ou

t a
 c

om
pl

ex
 m

od
el

 o
f a

 p
ro

po
se

d 
pr

oc
es

s 
or

 s
ys

te
m

 to
 id

en
tif

y 
fa

ilu
re

 
po

in
ts

 o
r 

im
pr

ov
e 

pe
rf

or
m

an
ce

 r
el

at
iv

e 
to

 
cr

ite
ria

 fo
r 

su
cc

es
s 

or
 o

th
er

 v
ar

ia
bl

es
. 

Copyright © 2015 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781941316122.



53The NSTA Quick-Reference Guide to the NGSS, Middle School

K–12 Progressions
Sc

ie
nc

e 
a

nd
 E

ng
in

ee
rin

g
 P

ra
ct

ic
es

: A
na

lyz
in

g
 a

nd
 In

te
rp

re
tin

g
 D

a
ta

 
S

ci
en

tifi
c 

in
ve

st
ig

at
io

ns
 p

ro
du

ce
 d

at
a 

th
at

 m
us

t b
e 

an
al

yz
ed

 to
 d

er
iv

e 
m

ea
ni

ng
. B

ec
au

se
 d

at
a 

pa
tte

rn
s 

an
d 

tr
en

ds
 a

re
 n

ot
 a

lw
ay

s 
ob

vi
ou

s,
 s

ci
en

tis
ts

 u
se

 a
 r

an
ge

 
of

 to
ol

s—
in

cl
ud

in
g 

ta
bu

la
tio

n,
 g

ra
ph

ic
al

 in
te

rp
re

ta
tio

n,
 v

is
ua

liz
at

io
n,

 a
nd

 s
ta

tis
tic

al
 a

na
ly

si
s—

to
 id

en
tif

y 
th

e 
si

gn
ifi

ca
nt

 fe
at

ur
es

 a
nd

 p
at

te
rn

s 
in

 th
e 

da
ta

. S
ci

en
tis

ts
 

id
en

tif
y 

so
ur

ce
s 

of
 e

rr
or

 in
 th

e 
in

ve
st

ig
at

io
ns

 a
nd

 c
al

cu
la

te
 th

e 
de

gr
ee

 o
f c

er
ta

in
ty

 in
 th

e 
re

su
lts

. M
od

er
n 

te
ch

no
lo

gy
 m

ak
es

 th
e 

co
lle

ct
io

n 
of

 la
rg

e 
da

ta
 s

et
s 

m
uc

h 
ea

si
er

, p
ro

vi
di

ng
 s

ec
on

da
ry

 s
ou

rc
es

 fo
r 

an
al

ys
is

. E
ng

in
ee

rin
g 

in
ve

st
ig

at
io

ns
 in

cl
ud

e 
an

al
ys

is
 o

f d
at

a 
co

lle
ct

ed
 in

 th
e 

te
st

s 
of

 d
es

ig
ns

. T
hi

s 
al

lo
w

s 
co

m
pa

ris
on

 
of

 d
iff

er
en

t s
ol

ut
io

ns
 a

nd
 d

et
er

m
in

es
 h

ow
 w

el
l e

ac
h 

m
ee

ts
 s

pe
ci

fic
 d

es
ig

n 
cr

ite
ria

—
th

at
 is

, w
hi

ch
 d

es
ig

n 
be

st
 s

ol
ve

s 
th

e 
pr

ob
le

m
 w

ith
in

 g
iv

en
 c

on
st

ra
in

ts
. L

ik
e 

sc
ie

nt
is

ts
, e

ng
in

ee
rs

 r
eq

ui
re

 a
 r

an
ge

 o
f t

oo
ls

 to
 id

en
tif

y 
pa

tte
rn

s 
w

ith
in

 d
at

a 
an

d 
in

te
rp

re
t t

he
 r

es
ul

ts
. A

dv
an

ce
s 

in
 s

ci
en

ce
 m

ak
e 

an
al

ys
is

 o
f p

ro
po

se
d 

so
lu

tio
ns

 
m

or
e 

ef
fic

ie
nt

 a
nd

 e
ffe

ct
iv

e.

K
–2

 C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
3–

5 
C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

6–
8 

C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
9–

12
 C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

A
na

ly
zi

ng
 d

at
a 

in
 K

–2
 b

ui
ld

s 
on

 p
rio

r 
ex

pe
rie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 c

ol
le

ct
in

g,
 

re
co

rd
in

g,
 a

nd
 s

ha
rin

g 
ob

se
rv

at
io

ns
. 

A
na

ly
zi

ng
 d

at
a 

in
 3

–5
 b

ui
ld

s 
on

 K
–2

 
ex

pe
rie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 in

tr
od

uc
in

g 
qu

an
tit

at
iv

e 
ap

pr
oa

ch
es

 to
 c

ol
le

ct
in

g 
da

ta
 

an
d 

co
nd

uc
tin

g 
m

ul
tip

le
 tr

ia
ls

 o
f q

ua
lit

at
iv

e 
ob

se
rv

at
io

ns
. W

he
n 

po
ss

ib
le

 a
nd

 fe
as

ib
le

, 
di

gi
ta

l t
oo

ls
 s

ho
ul

d 
be

 u
se

d.
 

A
na

ly
zi

ng
 d

at
a 

in
 6

–8
 b

ui
ld

s 
on

 K
–5

 
ex

pe
rie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 e

xt
en

di
ng

 
qu

an
tit

at
iv

e 
an

al
ys

is
 to

 in
ve

st
ig

at
io

ns
, 

di
st

in
gu

is
hi

ng
 b

et
w

ee
n 

co
rr

el
at

io
n 

an
d 

ca
us

at
io

n,
 a

nd
 b

as
ic

 s
ta

tis
tic

al
 te

ch
ni

qu
es

 
of

 d
at

a 
an

d 
er

ro
r 

an
al

ys
is

. 

A
na

ly
zi

ng
 d

at
a 

in
 9

–1
2 

bu
ild

s 
on

 K
–8

 
ex

pe
rie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 in

tr
od

uc
in

g 
m

or
e 

de
ta

ile
d 

st
at

is
tic

al
 a

na
ly

si
s,

 th
e 

co
m

pa
ris

on
 o

f d
at

a 
se

ts
 fo

r 
co

ns
is

te
nc

y,
 

an
d 

th
e 

us
e 

of
 m

od
el

s 
to

 g
en

er
at

e 
an

d 
an

al
yz

e 
da

ta
. 

• 
R

ec
or

d 
in

fo
r m

at
io

n 
(o

bs
er

va
tio

ns
, 

th
ou

gh
ts

, a
nd

 id
ea

s)
. 

• 
U

se
 o

bs
er

va
tio

ns
 (

fir
st

ha
nd

 o
r 

fr
om

 
m

ed
ia

) 
to

 d
es

cr
ib

e 
pa

tte
rn

s 
an

d/
or

 
re

la
tio

ns
hi

ps
 in

 th
e 

na
tu

ra
l a

nd
 d

es
ig

ne
d 

w
or

ld
 in

 o
rd

er
 to

 a
ns

w
er

 s
ci

en
tifi

c 
qu

es
tio

ns
 a

nd
 s

ol
ve

 p
ro

bl
em

s.
 

• 
C

om
pa

re
 p

re
di

ct
io

ns
 (

ba
se

d 
on

 
pr

io
r 

ex
pe

rie
nc

es
) 

to
 w

ha
t o

cc
ur

re
d 

(o
bs

er
va

bl
e 

ev
en

ts
). 

• 
R

ep
re

se
nt

 d
at

a 
in

 t a
bl

es
 a

nd
/o

r 
va

rio
us

 g
ra

ph
ic

al
 d

is
pl

ay
s 

(b
ar

 g
ra

ph
s,

 
pi

ct
og

ra
ph

s,
 a

nd
/o

r 
pi

e 
ch

ar
ts

) 
to

 r
ev

ea
l 

pa
tte

rn
s 

th
at

 in
di

ca
te

 r
el

at
io

ns
hi

ps
. 

• 
C

on
st

ru
ct

, a
na

ly
z e

, a
nd

/o
r 

in
te

rp
re

t 
gr

ap
hi

ca
l d

is
pl

ay
s 

of
 d

at
a 

an
d/

or
 la

rg
e 

da
ta

 s
et

s 
to

 id
en

tif
y 

lin
ea

r 
an

d 
no

nl
in

ea
r 

re
la

tio
ns

hi
ps

. 

• 
U

se
 g

ra
ph

ic
al

 d
is

pl
ay

s 
(e

.g
., 

m
ap

s,
 

ch
ar

ts
, g

ra
ph

s,
 a

nd
/o

r 
ta

bl
es

) 
of

 la
rg

e 
da

ta
 s

et
s 

to
 id

en
tif

y 
te

m
po

ra
l a

nd
 s

pa
tia

l 
re

la
tio

ns
hi

ps
. 

• 
D

is
tin

gu
is

h 
be

tw
ee

n 
ca

us
al

 a
nd

 
co

rr
el

at
io

na
l r

el
at

io
ns

hi
ps

 in
 d

at
a.

 

• 
A

na
ly

ze
 a

nd
 in

te
rp

re
t d

at
a 

to
 p

ro
vi

de
 

ev
id

en
ce

 fo
r 

ph
en

om
en

a.
 

• 
A

na
ly

ze
 d

at
a 

us
in

g 
t o

ol
s,

 te
ch

no
lo

gi
es

, 
an

d/
or

 m
od

el
s 

(e
.g

., 
co

m
pu

ta
tio

na
l, 

m
at

he
m

at
ic

al
) 

in
 o

rd
er

 to
 m

ak
e 

va
lid

 a
nd

 
re

lia
bl

e 
sc

ie
nt

ifi
c 

cl
ai

m
s 

or
 d

et
er

m
in

e 
an

 
op

tim
al

 d
es

ig
n 

so
lu

tio
n.

 

• 
N

/A
• 

A
na

ly
ze

 a
nd

 in
te

rp
re

t d
at

a 
to

 m
ak

e 
se

ns
e 

of
 p

he
no

m
en

a,
 u

si
ng

 lo
gi

ca
l 

re
as

on
in

g,
 m

at
he

m
at

ic
s,

 a
nd

/o
r 

co
m

pu
ta

tio
n.

 

• 
A

pp
ly

 c
on

ce
pt

s 
of

 s
ta

tis
tic

s 
an

d 
pr

ob
ab

ili
ty

 (
in

cl
ud

in
g 

m
ea

n,
 m

ed
ia

n,
 

m
od

e,
 a

nd
 v

ar
ia

bi
lit

y)
 to

 a
na

ly
ze

 a
nd

 
ch

ar
ac

te
riz

e 
da

ta
, u

si
ng

 d
ig

ita
l t

oo
ls

 
w

he
n 

fe
as

ib
le

. 

• 
A

pp
ly

 c
on

ce
pt

s 
of

 s
ta

tis
tic

s 
an

d 
pr

ob
ab

ili
ty

 (
in

cl
ud

in
g 

de
te

rm
in

in
g 

fu
nc

tio
n 

fit
s 

to
 d

at
a,

 s
lo

pe
, i

nt
er

ce
pt

, 
an

d 
co

rr
el

at
io

n 
co

ef
fic

ie
nt

 fo
r 

lin
ea

r 
fit

s)
 

to
 s

ci
en

tifi
c 

an
d 

en
gi

ne
er

in
g 

qu
es

tio
ns

 
an

d 
pr

ob
le

m
s,

 u
si

ng
 d

ig
ita

l t
oo

ls
 w

he
n 

fe
as

ib
le

. 

• 
N

/A
• 

N
/A

• 
C

on
si

de
r 

lim
ita

tio
ns

 o
f d

at
a 

an
al

ys
is

 
(e

.g
., 

m
ea

su
re

m
en

t e
rr

or
) 

an
d/

or
 s

ee
k 

to
 im

pr
ov

e 
pr

ec
is

io
n 

an
d 

ac
cu

ra
cy

 o
f 

da
ta

 w
ith

 b
et

te
r 

te
ch

no
lo

gi
ca

l t
oo

ls
 a

nd
 

m
et

ho
ds

 (
e.

g.
, m

ul
tip

le
 tr

ia
ls

). 

• 
C

on
si

de
r 

lim
ita

tio
ns

 o
f d

at
a 

an
al

ys
is

 
(e

.g
., 

m
ea

su
re

m
en

t e
rr

or
, s

am
pl

e 
se

le
ct

io
n)

 w
he

n 
an

al
yz

in
g 

an
d 

in
te

rp
re

tin
g 

da
ta

. 

• 
N

/A
• 

C
om

pa
re

 a
nd

 c
on

tr
as

t d
at

a 
co

lle
ct

ed
 

by
 d

iff
er

en
t g

ro
up

s 
in

 o
rd

er
 to

 d
is

cu
ss

 
si

m
ila

rit
ie

s 
an

d 
di

ffe
re

nc
es

 in
 th

ei
r 

fin
di

ng
s.

 

• 
A

na
ly

ze
 a

nd
 in

te
rp

re
t d

at
a 

to
 d

et
er

m
in

e 
si

m
ila

rit
ie

s 
an

d 
di

ffe
re

nc
es

 in
 fi

nd
in

gs
. 

• 
C

om
pa

re
 a

nd
 c

on
tr

as
t v

ar
io

us
 ty

pe
s 

of
 d

at
a 

se
ts

 (
e.

g.
, s

el
f-

ge
ne

ra
te

d,
 

ar
ch

iv
al

) 
to

 e
xa

m
in

e 
co

ns
is

te
nc

y 
of

 
m

ea
su

re
m

en
ts

 a
nd

 o
bs

er
va

tio
ns

. 

•  
A

na
ly

ze
 d

at
a 

fr
om

 te
st

s 
of

 a
n 

ob
je

ct
 o

r 
to

ol
 to

 d
et

er
m

in
e 

if 
it 

w
or

ks
 a

s 
in

te
nd

ed
. 

• 
A

na
ly

ze
 d

at
a 

to
 r

efi
ne

 a
 p

ro
bl

em
 

st
at

em
en

t o
r 

th
e 

de
si

gn
 o

f a
 p

ro
po

se
d 

ob
je

ct
, t

oo
l, 

or
 p

ro
ce

ss
. 

• 
U

se
 d

at
a 

to
 e

va
lu

at
e 

an
d 

re
fin

e 
de

si
gn

 
so

lu
tio

ns
. 

•  
A

na
ly

ze
 d

at
a 

to
 d

efi
ne

 a
n 

op
tim

al
 

op
er

at
io

na
l r

an
ge

 fo
r 

a 
pr

op
os

ed
 o

bj
ec

t, 
to

ol
, p

ro
ce

ss
, o

r 
sy

st
em

 th
at

 b
es

t m
ee

ts
 

cr
ite

ria
 fo

r 
su

cc
es

s.
 

• 
E

va
lu

at
e 

th
e 

im
pa

ct
 o

f n
ew

 d
at

a 
on

 a
 

w
or

ki
ng

 e
xp

la
na

tio
n 

an
d/

or
 m

od
el

 o
f a

 
pr

op
os

ed
 p

ro
ce

ss
 o

r 
sy

st
em

. 

• 
A

na
ly

ze
 d

at
a 

to
 id

en
tif

y 
de

si
gn

 fe
at

ur
es

 
or

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
co

m
po

ne
nt

s 
of

 a
 

pr
op

os
ed

 p
ro

ce
ss

 o
r 

sy
st

em
 to

 o
pt

im
iz

e 
it 

re
la

tiv
e 

to
 c

rit
er

ia
 fo

r 
su

cc
es

s.
 

N
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ot
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pp
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ab
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Chapter 2

Sc
ie

nc
e

 a
nd

 E
ng

in
e

e
rin

g
 P

ra
c

tic
e

s:
 U

sin
g

 M
a

th
e

m
a

tic
s 

a
nd

 
C

o
m

p
ut

a
tio

na
l T

hi
nk

in
g

 
In

 b
ot

h 
sc

ie
nc

e 
an

d 
en

gi
ne

er
in

g,
 m

at
he

m
at

ic
s 

an
d 

co
m

pu
ta

tio
n 

ar
e 

fu
nd

am
en

ta
l t

oo
ls

 fo
r 

re
pr

es
en

tin
g 

ph
ys

ic
al

 v
ar

ia
bl

es
 a

nd
 th

ei
r 

re
la

tio
ns

hi
ps

. T
he

y 
ar

e 
us

ed
 fo

r 
a 

ra
ng

e 
of

 ta
sk

s 
su

ch
 a

s 
co

ns
tr

uc
tin

g 
si

m
ul

at
io

ns
; s

ol
vi

ng
 e

qu
at

io
ns

 e
xa

ct
ly

 o
r 

ap
pr

ox
im

at
el

y;
 a

nd
 r

ec
og

ni
zi

ng
, e

xp
re

ss
in

g,
 a

nd
 a

pp
ly

in
g 

qu
an

tit
at

iv
e 

re
la

tio
ns

hi
ps

. 
M

at
he

m
at

ic
al

 a
nd

 c
om

pu
ta

tio
na

l a
pp

ro
ac

he
s 

en
ab

le
 s

ci
en

tis
ts

 a
nd

 e
ng

in
ee

rs
 to

 p
re

di
ct

 th
e 

be
ha

vi
or

 o
f s

ys
te

m
s 

an
d 

te
st

 th
e 

va
lid

ity
 o

f s
uc

h 
pr

ed
ic

tio
ns

.

K
–2

 C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
3–

5 
C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

6–
8 

C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
9–

12
 C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

M
at

he
m

at
ic

al
 a

nd
 c

om
pu

ta
tio

na
l 

th
in

ki
ng

 in
 K

–2
 b

ui
ld

s 
on

 p
rio

r 
ex

pe
rie

nc
e 

an
d 

pr
og

re
ss

es
 to

 
re

co
gn

iz
in

g 
th

at
 m

at
he

m
at

ic
s 

ca
n 

be
 u

se
d 

to
 d

es
cr

ib
e 

th
e 

na
tu

ra
l a

nd
 

de
si

gn
ed

 w
or

ld
(s

). 

M
at

he
m

at
ic

al
 a

nd
 c

om
pu

ta
tio

na
l 

th
in

ki
ng

 in
 3

–5
 b

ui
ld

s 
on

 K
–2

 
ex

pe
rie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 

ex
te

nd
in

g 
qu

an
tit

at
iv

e 
m

ea
su

re
m

en
ts

 
to

 a
 v

ar
ie

ty
 o

f p
hy

si
ca

l p
ro

pe
rt

ie
s 

an
d 

us
in

g 
co

m
pu

ta
tio

n 
an

d 
m

at
he

m
at

ic
s 

to
 

an
al

yz
e 

da
ta

 a
nd

 c
om

pa
re

 a
lte

rn
at

iv
e 

de
si

gn
 s

ol
ut

io
ns

. 

M
at

he
m

at
ic

al
 a

nd
 c

om
pu

ta
tio

na
l 

th
in

ki
ng

 in
 6

–8
 b

ui
ld

s 
on

 K
–5

 
ex

pe
rie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 

id
en

tif
yi

ng
 p

at
te

rn
s 

in
 la

rg
e 

da
ta

 
se

ts
 a

nd
 u

si
ng

 m
at

he
m

at
ic

al
 

co
nc

ep
ts

 to
 s

up
po

rt
 e

xp
la

na
tio

ns
 

an
d 

ar
gu

m
en

ts
. 

M
at

he
m

at
ic

al
 a

nd
 c

om
pu

ta
tio

na
l t

hi
nk

in
g 

in
 9

–1
2 

bu
ild

s 
on

 K
–8

 e
xp

er
ie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 u

si
ng

 a
lg

eb
ra

ic
 

th
in

ki
ng

 a
nd

 a
na

ly
si

s,
 a

 r
an

ge
 o

f l
in

ea
r 

an
d 

no
nl

in
ea

r 
fu

nc
tio

ns
 in

cl
ud

in
g 

tr
ig

on
om

et
ric

 fu
nc

tio
ns

, e
xp

on
en

tia
ls

 
an

d 
lo

ga
rit

hm
s,

 a
nd

 c
om

pu
ta

tio
na

l t
oo

ls
 fo

r 
st

at
is

tic
al

 
an

al
ys

is
 to

 a
na

ly
ze

, r
ep

re
se

nt
, a

nd
 m

od
el

 d
at

a.
 S

im
pl

e 
co

m
pu

ta
tio

na
l s

im
ul

at
io

ns
 a

re
 c

re
at

ed
 a

nd
 u

se
d 

ba
se

d 
on

 
m

at
he

m
at

ic
al

 m
od

el
s 

of
 b

as
ic

 a
ss

um
pt

io
ns

. 

• 
N

/A
• 

N
/A

• 
D

ec
id

e 
w

he
n 

to
 u

se
 q

ua
lit

at
iv

e 
vs

. q
ua

nt
ita

tiv
e 

da
ta

. 
• 

D
ec

id
e 

if 
qu

al
ita

tiv
e 

or
 q

ua
nt

ita
tiv

e 
da

ta
 a

re
 b

es
t t

o 
de

te
rm

in
e 

w
he

th
er

 a
 p

ro
po

se
d 

ob
je

ct
 o

r 
to

ol
 m

ee
ts

 
cr

ite
ria

 fo
r 

su
cc

es
s.

 

• 
U

se
 c

ou
nt

in
g 

an
d 

nu
m

be
rs

 to
 id

en
tif

y 
an

d 
de

sc
rib

e 
pa

tte
rn

s 
in

 th
e 

na
tu

ra
l 

an
d 

de
si

gn
ed

 w
or

ld
(s

). 

• 
O

rg
an

iz
e 

si
m

pl
e 

da
ta

 s
et

s 
to

 r
ev

ea
l 

pa
tte

rn
s 

th
at

 s
ug

ge
st

 r
el

at
io

ns
hi

ps
. 

• 
U

se
 d

ig
ita

l t
oo

ls
 (

e.
g.

, 
co

m
pu

te
rs

) 
to

 a
na

ly
ze

 v
er

y 
la

rg
e 

da
ta

 s
et

s 
fo

r 
pa

tte
rn

s 
an

d 
tr

en
ds

. 

• 
C

re
at

e 
an

d/
or

 r
ev

is
e 

a 
co

m
pu

ta
tio

na
l m

od
el

 o
r 

si
m

ul
at

io
n 

of
 a

 p
he

no
m

en
on

, d
es

ig
ne

d 
de

vi
ce

, p
ro

ce
ss

, 
or

 s
ys

te
m

. 

• 
D

es
cr

ib
e,

 m
ea

su
re

, a
nd

/o
r 

co
m

pa
re

 
qu

an
tit

at
iv

e 
at

tr
ib

ut
es

 o
f d

iff
er

en
t 

ob
je

ct
s 

an
d 

di
sp

la
y 

th
e 

da
ta

 u
si

ng
 

si
m

pl
e 

gr
ap

hs
. 

• 
D

es
cr

ib
e,

 m
ea

su
re

, e
st

im
at

e,
 a

nd
/

or
 g

ra
ph

 q
ua

nt
iti

es
 s

uc
h 

as
 a

re
a,

 
vo

lu
m

e,
 w

ei
gh

t, 
an

d 
tim

e 
to

 a
dd

re
ss

 
sc

ie
nt

ifi
c 

an
d 

en
gi

ne
er

in
g 

qu
es

tio
ns

 
an

d 
pr

ob
le

m
s.

 

• 
U

se
 m

at
he

m
at

ic
al

 
re

pr
es

en
ta

tio
ns

 to
 d

es
cr

ib
e 

an
d/

or
 s

up
po

rt
 s

ci
en

tifi
c 

co
nc

lu
si

on
s 

an
d 

de
si

gn
 s

ol
ut

io
ns

. 

• 
U

se
 m

at
he

m
at

ic
al

, c
om

pu
ta

tio
na

l, 
an

d/
or

 a
lg

or
ith

m
ic

 
re

pr
es

en
ta

tio
ns

 o
f p

he
no

m
en

a 
or

 d
es

ig
n 

so
lu

tio
ns

 to
 

de
sc

rib
e 

an
d/

or
 s

up
po

rt
 c

la
im

s 
an

d/
or

 e
xp

la
na

tio
ns

. 

•  
U

se
 q

ua
nt

ita
tiv

e 
da

ta
 to

 c
om

pa
re

 t
w

o 
al

te
rn

at
iv

e 
so

lu
tio

ns
 to

 a
 p

ro
bl

em
. 

• 
C

re
at

e 
an

d/
or

 u
se

 g
ra

ph
s 

an
d/

or
 c

ha
rt

s 
ge

ne
ra

te
d 

fr
om

 s
im

pl
e 

al
go

rit
hm

s 
to

 c
om

pa
re

 a
lte

rn
at

iv
e 

so
lu

tio
ns

 to
 a

n 
en

gi
ne

er
in

g 
pr

ob
le

m
. 

• 
C

re
at

e 
al

go
rit

hm
s 

(a
 s

er
ie

s 
of

 o
rd

er
ed

 s
te

ps
) 

to
 s

ol
ve

 a
 

pr
ob

le
m

. 

• 
A

pp
ly

 m
at

he
m

at
ic

al
 c

on
ce

pt
s 

an
d/

or
 p

ro
ce

ss
es

 (
su

ch
 a

s 
ra

tio
, 

ra
te

, p
er

ce
nt

, b
as

ic
 o

pe
ra

tio
ns

, 
an

d 
si

m
pl

e 
al

ge
br

a)
 to

 s
ci

en
tifi

c 
an

d 
en

gi
ne

er
in

g 
qu

es
tio

ns
 a

nd
 

pr
ob

le
m

s.
 

• 
U

se
 d

ig
ita

l t
oo

ls
 a

nd
/o

r 
m

at
he

m
at

ic
al

 c
on

ce
pt

s 
an

d 
ar

gu
m

en
ts

 to
 te

st
 a

nd
 c

om
pa

re
 

pr
op

os
ed

 s
ol

ut
io

ns
 to

 a
n 

en
gi

ne
er

in
g 

de
si

gn
 p

ro
bl

em
. 

• 
A

pp
ly

 te
ch

ni
qu

es
 o

f a
lg

eb
ra

 a
nd

 fu
nc

tio
ns

 to
 r

ep
re

se
nt

 
an

d 
so

lv
e 

sc
ie

nt
ifi

c 
an

d 
en

gi
ne

er
in

g 
pr

ob
le

m
s.

 

• 
U

se
 s

im
pl

e 
lim

it 
ca

se
s 

to
 te

st
 m

at
he

m
at

ic
al

 
ex

pr
es

si
on

s,
 c

om
pu

te
r 

pr
og

ra
m

s,
 a

lg
or

ith
m

s,
 o

r 
si

m
ul

at
io

ns
 o

f a
 p

ro
ce

ss
 o

r 
sy

st
em

 to
 s

ee
 if

 a
 m

od
el

 
“m

ak
es

 s
en

se
” b

y 
co

m
pa

rin
g 

th
e 

ou
tc

om
es

 w
ith

 w
ha

t i
s 

kn
ow

n 
ab

ou
t t

he
 r

ea
l w

or
ld

. 

• 
A

pp
ly

 r
at

io
s,

 r
at

es
, p

er
ce

nt
ag

es
, a

nd
 u

ni
t c

on
ve

rs
io

ns
 

in
 th

e 
co

nt
ex

t o
f c

om
pl

ic
at

ed
 m

ea
su

re
m

en
t p

ro
bl

em
s 

in
vo

lv
in

g 
qu

an
tit

ie
s 

w
ith

 d
er

iv
ed

 o
r 

co
m

po
un

d 
un

its
 

(e
.g

., 
m

g/
m

L,
 k

g/
m

3 ,
 a

cr
e-

fe
et

). 

N
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 N

ot
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pp
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 fo
r 

th
is

 g
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de
 r
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K–12 Progressions
Sc

ie
nc

e
 a

nd
 E

ng
in

e
e

rin
g

 P
ra

c
tic

e
s:

 C
o

ns
tru

c
tin

g
 E

xp
la

na
tio

ns
 a

nd
 

D
e

sig
ni

ng
 S

o
lu

tio
ns

 
T

he
 e

nd
-p

ro
du

ct
s 

of
 s

ci
en

ce
 a

re
 e

xp
la

na
tio

ns
 a

nd
 th

e 
en

d-
pr

od
uc

ts
 o

f e
ng

in
ee

rin
g 

ar
e 

so
lu

tio
ns

. T
he

 g
oa

l o
f s

ci
en

ce
 is

 th
e 

co
ns

tr
uc

tio
n 

of
 th

eo
rie

s 
th

at
 p

ro
vi

de
 

ex
pl

an
at

or
y 

ac
co

un
ts

 o
f t

he
 w

or
ld

. A
 th

eo
ry

 b
ec

om
es

 a
cc

ep
te

d 
w

he
n 

it 
ha

s 
m

ul
tip

le
 li

ne
s 

of
 e

m
pi

ric
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d 
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r 
ex

pl
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at
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y 
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w
er
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f p

he
no

m
en

a 
th

an
 

pr
ev

io
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 th
eo

rie
s.

 T
he

 g
oa

l o
f e

ng
in

ee
rin

g 
de

si
gn

 is
 to

 fi
nd

 a
 s

ys
te

m
at

ic
 s

ol
ut

io
n 

to
 p

ro
bl

em
s 

th
at
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 b

as
ed

 o
n 

sc
ie

nt
ifi

c 
kn

ow
le

dg
e 

an
d 

m
od

el
s 

of
 th

e 
m

at
er

ia
l 

w
or

ld
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ac
h 

pr
op

os
ed

 s
ol

ut
io

n 
re

su
lts
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 a
 p
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ce

ss
 o

f b
al

an
ci

ng
 c

om
pe

tin
g 

cr
ite

ria
 o

f d
es

ire
d 

fu
nc

tio
ns

, t
ec

hn
ic

al
 fe

as
ib

ili
ty

, c
os

t, 
sa

fe
ty

, a
es

th
et

ic
s,

 a
nd

 
co

m
pl

ia
nc

e 
w

ith
 le

ga
l r

eq
ui

re
m

en
ts

. T
he

 o
pt

im
al

 c
ho

ic
e 

de
pe

nd
s 

on
 h

ow
 w

el
l t

he
 p

ro
po

se
d 

so
lu

tio
ns

 m
ee

t c
rit

er
ia

 a
nd

 c
on

st
ra

in
ts

.

K
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 C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
3–

5 
C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

6–
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C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
9–

12
 C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

C
on

st
ru

ct
in

g 
ex

pl
an

at
io

ns
 a

nd
 d

es
ig

ni
ng

 
so

lu
tio

ns
 in

 K
–2

 b
ui

ld
s 

on
 p

rio
r 

ex
pe

rie
nc

es
 

an
d 

pr
og

re
ss

es
 to

 th
e 

us
e 

of
 e

vi
de

nc
e 

an
d 

id
ea

s 
in

 c
on

st
ru

ct
in

g 
ev

id
en

ce
-b

as
ed

 
ac

co
un

ts
 o

f n
at

ur
al

 p
he

no
m

en
a 

an
d 

de
si

gn
in

g 
so

lu
tio

ns
. 

C
on

st
ru

ct
in

g 
ex

pl
an

at
io

ns
 a

nd
 d

es
ig

ni
ng

 
so

lu
tio

ns
 in

 3
–5

 b
ui

ld
s 

on
 K

–2
 e

xp
er

ie
nc

es
 

an
d 

pr
og

re
ss

es
 to

 th
e 

us
e 

of
 e

vi
de

nc
e 

in
 c

on
st

ru
ct

in
g 

ex
pl

an
at

io
ns

 th
at

 s
pe

ci
fy

 
va

ria
bl

es
 th

at
 d

es
cr

ib
e 

an
d 

pr
ed

ic
t 

ph
en

om
en

a 
an

d 
in

 d
es

ig
ni

ng
 m

ul
tip

le
 

so
lu

tio
ns

 to
 d

es
ig

n 
pr

ob
le

m
s.

 

C
on

st
ru

ct
in

g 
ex

pl
an

at
io

ns
 a

nd
 d

es
ig

ni
ng

 
so

lu
tio

ns
 in

 6
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 b
ui

ld
s 

on
 K

–5
 e

xp
er

ie
nc
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an
d 

pr
og

re
ss

es
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 in
cl

ud
e 

co
ns
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tin
g 

ex
pl

an
at

io
ns

 a
nd

 d
es

ig
ni

ng
 s

ol
ut

io
ns

 
su

pp
or

te
d 

by
 m

ul
tip

le
 s

ou
rc

es
 o

f e
vi

de
nc

e 
co

ns
is

te
nt

 w
ith

 s
ci

en
tifi

c 
id

ea
s,

 p
rin

ci
pl

es
, 

an
d 

th
eo

rie
s.

 

C
on

st
ru

ct
in

g 
ex

pl
an

at
io

ns
 a

nd
 d

es
ig

ni
ng

 
so

lu
tio

ns
 in

 9
–1

2 
bu

ild
s 

on
 K

–8
 e

xp
er

ie
nc

es
 

an
d 

pr
og

re
ss

es
 to

 e
xp

la
na

tio
ns

 a
nd

 
de

si
gn

s 
th

at
 a

re
 s

up
po

rt
ed

 b
y 

m
ul

tip
le

 a
nd

 
in

de
pe

nd
en

t s
tu

de
nt

-g
en

er
at

ed
 s

ou
rc

es
 o

f 
ev

id
en

ce
 c

on
si

st
en

t w
ith

 s
ci

en
tifi

c 
id

ea
s,

 
pr

in
ci

pl
es

, a
nd

 th
eo

rie
s.

 

• 
U

se
 in

fo
rm

at
io

n 
fr

om
 o

bs
er

va
tio

ns
 

(fi
rs

th
an

d 
an

d 
fr

om
 m

ed
ia

) 
to

 c
on

st
ru

ct
 

an
 e

vi
de

nc
e-

ba
se

d 
ac

co
un

t f
or

 n
at

ur
al

 
ph

en
om

en
a.

 

• 
C

on
st

ru
ct

 a
n 

ex
pl

an
at

io
n 

of
 o

bs
er

ve
d 

re
la

tio
ns

hi
ps

 (
e.

g.
, t

he
 d

is
tr

ib
ut

io
n 

of
 

pl
an

ts
 in

 th
e 

ba
ck

ya
rd

). 

• 
C

on
st

ru
ct

 a
n 

ex
pl

an
at

io
n 

th
at

 in
cl

ud
es

 
qu

al
it a

tiv
e 

or
 q

ua
nt

ita
tiv

e 
re

la
tio

ns
hi

ps
 

be
tw

ee
n 

va
ria

bl
es

 th
at

 p
re

di
ct

 a
nd

/o
r 

de
sc

rib
e 

ph
en

om
en

a.
 

• 
C

on
st

ru
ct

 a
n 

ex
pl

an
at

io
n 

us
in

g 
m

od
el

s 
or

 r
ep

re
se

nt
at

io
ns

.

• 
M

ak
e 

a 
qu

an
tit

at
iv

e 
an

d/
or

 q
ua

lit
at

iv
e 

cl
ai

m
 r

eg
ar

di
ng

 th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

de
pe

nd
en

t a
nd

 in
de

pe
nd

en
t v

ar
ia

bl
es

. 

• 
N

/A
• 

U
se

 e
vi

de
nc

e 
(e

.g
., 

m
ea

su
re

m
en

ts
, 

ob
se

rv
at

io
ns

, p
at

te
rn

s)
 to

 c
on

st
ru

ct
 

or
 s

up
po

rt
 a

n 
ex

pl
an

at
io

n 
or

 d
es

ig
n 

a 
so

lu
tio

n 
to

 a
 p

ro
bl

em
. 

• 
C

on
st

ru
ct

 a
 s

ci
en

tifi
c 

ex
pl

an
at

io
n 

ba
se

d 
on

 v
al

id
 a

nd
 r

el
ia

bl
e 

ev
id

en
ce

 o
bt

ai
ne

d 
fr

om
 s

ou
rc

es
 (

in
cl

ud
in

g 
th

e 
st

ud
en

ts
’ 

ow
n 

ex
pe

rim
en

ts
) 

an
d 

th
e 

as
su

m
pt

io
n 

th
at

 th
eo

rie
s 

an
d 

la
w

s 
th

at
 d

es
cr

ib
e 

th
e 

na
tu

ra
l w

or
ld

 o
pe

ra
te

 to
da

y 
as

 th
ey

 d
id

 
in

 th
e 

pa
st

 a
nd

 w
ill

 c
on

tin
ue

 to
 d

o 
so

 in
 

th
e 

fu
tu

re
. 

• 
A

pp
ly

 s
ci

en
tifi

c 
id

ea
s,

 p
rin

ci
pl

es
, a

nd
/o

r 
ev

id
en

ce
 to

 c
on

st
ru

ct
, r

ev
is

e 
an

d/
or

 u
se

 
an

 e
xp

la
na

tio
n 

fo
r 

re
al

-w
or

ld
 p

he
no

m
en

a,
 

ex
am

pl
es

, o
r 

ev
en

ts
. 

• 
C

on
st

ru
ct

 a
nd

 r
ev

is
e 

an
 e

xp
la

na
tio

n 
ba

se
d 

on
 v

al
id

 a
nd

 r
el

ia
bl

e 
ev

id
en

ce
 

ob
ta

in
ed

 fr
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 a
 v

ar
ie

ty
 o

f s
ou
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cl
ud

in
g 

st
ud

en
ts

’ o
w

n 
in

ve
st

ig
at

io
ns

, 
m

od
el

s,
 th

eo
rie

s,
 s

im
ul

at
io

ns
, p

ee
r 

re
vi

ew
) 

an
d 

th
e 

as
su

m
pt

io
n 

th
at

 th
eo

rie
s 

an
d 

la
w

s 
th

at
 d

es
cr

ib
e 

th
e 

na
tu

ra
l w

or
ld

 
op

er
at

e 
to

da
y 
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 th

ey
 d

id
 in

 th
e 

pa
st

 a
nd

 
w

ill
 c

on
tin

ue
 to

 d
o 

so
 in

 th
e 

fu
tu

re
. 
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A

pp
ly

 s
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en
tifi
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id

ea
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 p
rin

ci
pl

es
, a

nd
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or
 e

vi
de

nc
e 
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 p

ro
vi

de
 a

n 
ex

pl
an

at
io
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of

 p
he

no
m

en
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d 

so
lv
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de

si
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pr

ob
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m
s,

 ta
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ng
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to
 a
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nt
 p

os
si

bl
e 

un
an

tic
ip

at
ed

 e
ffe

ct
s.
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N

/A
• 

Id
en

tif
y 

th
e 

ev
id

en
ce

 th
at

 s
up

po
rt

s 
pa

rt
ic

ul
ar

 p
oi

nt
s 

in
 a

n 
ex

pl
an

at
io

n.
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A

pp
ly

 s
ci

en
tifi

c 
re
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on

in
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 s

ho
w

 w
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e 
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 o

r 
ev

id
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ce
 is

 a
de

qu
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e 
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r 
th

e 
ex

pl
an

at
io

n 
or

 c
on

cl
us
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A

pp
ly

 s
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en
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in
g,

 th
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, a
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/o

r 
m

od
el

s 
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 li
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 e
vi

de
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e 
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 th
e 
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m
s 
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se

ss
 th

e 
ex

te
nt
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 w

hi
ch

 th
e 

re
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on
in

g 
an

d 
da

ta
 s

up
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rt
 th

e 
ex

pl
an

at
io

n 
or
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si
on
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U

se
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ol
s 

an
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or
 m

at
er

ia
ls
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 d

es
ig
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an
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or
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ui

ld
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 d
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e 

th
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ol

ve
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a 
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pr

ob
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so
lu
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ec
ifi

c 
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G

en
er
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or
 c
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ul
tip
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A

pp
ly
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en
tifi
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id

ea
s 
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 s

ol
ve

 d
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ig
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ob

le
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G

en
er

at
e 

an
d 

co
m
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 m
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so

lu
tio
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 to

 a
 p

ro
bl

em
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ed

 o
n 

ho
w

 w
el

l t
he
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m

ee
t t

he
 c

rit
er

ia
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nd
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tr
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of
 th

e 
de

si
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ol

ut
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n.
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A

pp
ly

 s
ci

en
tifi

c 
id

ea
s 

or
 p

rin
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pl
es
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de
si
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, c

on
st

ru
ct

, a
nd

/o
r 

te
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 d

es
ig

n 
of

 
an

 o
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, p
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em
. 
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U
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ta
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 d

es
ig

n 
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en
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gi
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 c
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ns
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t a
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/o

r 
im

pl
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en
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ol

ut
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n 
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 m

ee
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pe

ci
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de
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 c
rit

er
ia
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nd

 c
on

st
ra

in
ts
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O

pt
im

iz
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pe
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m

an
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 d
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ig
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ite

ria
, m
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in

g 
tr

ad
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te

st
in
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 r

ev
is

in
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nd
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es
tin

g.
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D
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ig
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va
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nd
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r 
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fin
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m
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n 
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ifi
c 
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en
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e,
 

pr
io

rit
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Chapter 2
Sc

ie
nc

e 
a

nd
 E

ng
in

ee
rin

g
 P

ra
ct

ic
es

: E
ng

a
g

in
g

 in
 A

rg
um

en
t F

ro
m

 E
vi

d
en

ce
 

A
rg

um
en

ta
tio

n 
is

 th
e 

pr
oc

es
s 

by
 w

hi
ch

 e
vi

de
nc

e-
ba

se
d 

co
nc

lu
si

on
s 

an
d 

so
lu

tio
ns

 a
re

 r
ea

ch
ed

. I
n 

sc
ie

nc
e 

an
d 

en
gi

ne
er

in
g,

 r
ea

so
ni

ng
 a

nd
 a

rg
um

en
t b

as
ed

 
on

 e
vi

de
nc

e 
ar

e 
es

se
nt

ia
l t

o 
id

en
tif

yi
ng

 th
e 

be
st

 e
xp

la
na

tio
n 

fo
r 

a 
na

tu
ra

l p
he

no
m

en
on

 o
r 

th
e 

be
st

 s
ol

ut
io

n 
to

 a
 d

es
ig

n 
pr

ob
le

m
. S

ci
en

tis
ts

 a
nd

 e
ng

in
ee

rs
 u

se
 

ar
gu

m
en

ta
tio

n 
to

 li
st

en
 to

, c
om

pa
re

, a
nd

 e
va

lu
at

e 
co

m
pe

tin
g 

id
ea

s 
an

d 
m

et
ho

ds
 b

as
ed

 o
n 

m
er

its
. S

ci
en

tis
ts

 a
nd

 e
ng

in
ee

rs
 e

ng
ag

e 
in

 a
rg

um
en

ta
tio

n 
w

he
n 

in
ve

st
ig

at
in

g 
a 

ph
en

om
en

on
, t

es
tin

g 
a 

de
si

gn
 s

ol
ut

io
n,

 r
es

ol
vi

ng
 q

ue
st

io
ns

 a
bo

ut
 m

ea
su

re
m

en
ts

, b
ui

ld
in

g 
da

ta
 m

od
el

s,
 a

nd
 u

si
ng

 e
vi

de
nc

e 
to

 e
va

lu
at

e 
cl

ai
m

s.

K
–2

 C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
3–

5 
C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

6–
8 

C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
9–

12
 C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

E
ng

ag
in

g 
in

 a
rg

um
en

t f
ro

m
 e

vi
de

nc
e 

in
 K

–2
 b

ui
ld

s 
on

 p
rio

r 
ex

pe
rie

nc
es

 a
nd

 
pr

og
re

ss
es

 to
 c

om
pa

rin
g 

id
ea

s 
an

d 
re

pr
es

en
ta

tio
ns

 a
bo

ut
 th

e 
na

tu
ra

l a
nd

 
de

si
gn

ed
 w

or
ld

(s
). 

E
ng

ag
in

g 
in

 a
rg

um
en

t f
ro

m
 e

vi
de

nc
e 

in
 3

–5
 

bu
ild

s 
on

 K
–2

 e
xp

er
ie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 c

rit
iq

ui
ng

 th
e 

sc
ie

nt
ifi

c 
ex

pl
an

at
io

ns
 

or
 s

ol
ut

io
ns

 p
ro

po
se

d 
by

 p
ee

rs
 b

y 
ci

tin
g 

re
le

va
nt

 e
vi

de
nc

e 
ab

ou
t t

he
 n

at
ur

al
 a

nd
 

de
si

gn
ed

 w
or

ld
(s

). 

E
ng

ag
in

g 
in

 a
rg

um
en

t f
ro

m
 e

vi
de

nc
e 

in
 6

–8
 

bu
ild

s 
on

 K
–5

 e
xp

er
ie

nc
es

 a
nd

 p
ro

gr
es

se
s 

to
 c

on
st

ru
ct

in
g 

a 
co

nv
in

ci
ng

 a
rg

um
en

t 
th

at
 s

up
po

rt
s 

or
 r

ef
ut

es
 c

la
im

s 
fo

r 
ei

th
er

 
ex

pl
an

at
io

ns
 o

r 
so

lu
tio

ns
 a

bo
ut

 th
e 

na
tu

ra
l 

an
d 

de
si

gn
ed

 w
or

ld
(s

). 

E
ng

ag
in

g 
in

 a
rg

um
en

t f
ro

m
 e

vi
de

nc
e 

in
 9

–1
2 

bu
ild

s 
on

 K
–8

 e
xp

er
ie

nc
es

 
an

d 
pr

og
re

ss
es

 to
 u

si
ng

 a
pp

ro
pr

ia
te

 
an

d 
su

ffi
ci

en
t e

vi
de

nc
e 

an
d 

sc
ie

nt
ifi

c 
re

as
on

in
g 

to
 d

ef
en

d 
an

d 
cr

iti
qu

e 
cl

ai
m

s 
an

d 
ex

pl
an

at
io

ns
 a

bo
ut

 th
e 

na
tu

ra
l a

nd
 

de
si

gn
ed

 w
or

ld
(s

). 
A

rg
um

en
ts

 m
ay

 a
ls

o 
co

m
e 

fr
om

 c
ur

re
nt

 s
ci

en
tifi

c 
or

 h
is

to
ric

al
 

ep
is

od
es

 in
 s

ci
en

ce
. 

• 
Id

en
tif

y 
ar

gu
m

en
ts

 th
at

 a
re

 s
up

po
rt

ed
 b

y 
ev

id
en

ce
. 

• 
D

is
tin

gu
is

h 
be

tw
ee

n 
ex

pl
an

at
io

ns
 th

at
 

ac
co

un
t f

or
 a

ll 
ga

th
er

ed
 e

vi
de

nc
e 

an
d 

th
os

e 
th

at
 d

o 
no

t. 

• 
A

na
ly

ze
 w

hy
 s

om
e 

ev
id

en
ce

 is
 r

el
ev

an
t 

to
 a

 s
ci

en
tifi

c 
qu

es
tio

n 
an

d 
so

m
e 

is
 n

ot
. 

• 
D

is
tin

gu
is

h 
be

tw
ee

n 
op

in
io

ns
 a

nd
 

ev
id

en
ce

 in
 o

ne
’s

 o
w

n 
ex

pl
an

at
io

ns
. 

•  
C

om
pa

re
 a

nd
 r

efi
ne

 a
rg

um
en

ts
 b

as
ed

 
on

 a
n 

ev
al

ua
tio

n 
of

 th
e 

ev
id

en
ce

 
pr

es
en

te
d.

 

• 
D

is
tin

gu
is

h 
am

on
g 

fa
ct

s,
 r

ea
so

ne
d 

ju
dg

m
en

t b
as

ed
 o

n 
re

se
ar

ch
 fi

nd
in

gs
, 

an
d 

sp
ec

ul
at

io
n 

in
 a

n 
ex

pl
an

at
io

n.
 

•  
C

om
pa

re
 a

nd
 c

rit
iq

ue
 t

w
o 

ar
gu

m
en

ts
 o

n 
th

e 
sa

m
e 

to
pi

c 
an

d 
an

al
yz

e 
w

he
th

er
 th

ey
 

em
ph

as
iz

e 
si

m
ila

r 
or

 d
iff

er
en

t e
vi

de
nc

e 
an

d/
or

 in
te

rp
re

ta
tio

ns
 o

f f
ac

ts
. 

•  
C

om
pa

re
 a

nd
 e

va
lu

at
e 

co
m

pe
tin

g 
ar

gu
m

en
ts

 o
r 

de
si

gn
 s

ol
ut

io
ns

 in
 li

gh
t 

of
 c

ur
re

nt
ly

 a
cc

ep
te

d 
ex

pl
an

at
io

ns
, n

ew
 

ev
id

en
ce

, l
im

ita
tio

ns
 (

e.
g.

, t
ra

de
-o

ffs
),

 
co

ns
tr

ai
nt

s,
 a

nd
 e

th
ic

al
 is

su
es

. 

•  
E

va
lu

at
e 

th
e 

cl
ai

m
s,

 e
vi

de
nc

e,
 a

nd
/o

r 
re

as
on

in
g 

be
hi

nd
 c

ur
re

nt
ly

 a
cc

ep
te

d 
ex

pl
an

at
io

ns
 o

r 
so

lu
tio

ns
 to

 d
et

er
m

in
e 

th
e 

m
er

its
 o

f a
rg

um
en

ts
. 

• 
Li

st
en

 a
ct

iv
el

y 
to

 a
rg

um
en

ts
 to

 in
di

ca
te

 
ag

re
em

en
t o

r 
di

sa
gr

ee
m

en
t b

as
ed

 o
n 

ev
id

en
ce

, a
nd

/o
r 

to
 r

et
el

l t
he

 m
ai

n 
po

in
ts

 
of

 th
e 

ar
gu

m
en

t. 

• 
R

es
pe

ct
fu

lly
 p

ro
vi

de
 a

nd
 r

ec
ei

ve
 

cr
iti

qu
es

 fr
om

 p
ee

rs
 a

bo
ut

 a
 p

ro
po

se
d 

pr
oc

ed
ur

e,
 e

xp
la

na
tio

n,
 o

r 
m

od
el

 b
y 

ci
tin

g 
re

le
va

nt
 e

vi
de

nc
e 

an
d 

po
si

ng
 

sp
ec

ifi
c 

qu
es

tio
ns

. 

• 
R

es
pe

ct
fu

lly
 p

ro
vi

de
 a

nd
 r

ec
ei

ve
 

cr
iti

qu
es

 a
bo

ut
 o

ne
’s

 e
xp

la
na

tio
ns

, 
pr

oc
ed

ur
es

, m
od

el
s,

 a
nd

 q
ue

st
io

ns
 b

y 
ci

tin
g 

re
le

va
nt

 e
vi

de
nc

e 
an

d 
po

si
ng

 
an

d 
re

sp
on

di
ng

 to
 q

ue
st

io
ns

 th
at

 e
lic

it 
pe

rt
in

en
t e

la
bo

ra
tio

n 
an

d 
de

ta
il.

 

• 
R

es
pe

ct
fu

lly
 p

ro
vi

de
 a

nd
/o

r 
re

ce
iv

e 
cr

iti
qu

es
 o

n 
sc

ie
nt

ifi
c 

ar
gu

m
en

ts
 b

y 
pr

ob
in

g 
re

as
on

in
g 

an
d 

ev
id

en
ce

 a
nd

 
ch

al
le

ng
in

g 
id

ea
s 

an
d 

co
nc

lu
si

on
s,

 
re

sp
on

di
ng

 th
ou

gh
tfu

lly
 to

 d
iv

er
se

 
pe

rs
pe

ct
iv

es
, a

nd
 d

et
er

m
in

in
g 

w
ha

t 
ad

di
tio

na
l i

nf
or

m
at

io
n 

is
 r

eq
ui

re
d 

to
 

re
so

lv
e 

co
nt

ra
di

ct
io

ns
. 

•  
C

on
st

ru
ct

 a
n 

ar
gu

m
en

t w
ith

 e
vi

de
nc

e 
to

 
su

pp
or

t a
 c

la
im

. 
• 

C
on

st
ru

ct
 a

nd
/o

r 
su

pp
or

t a
n 

ar
gu

m
en

t 
w

ith
 e

vi
de

nc
e,

 d
at

a,
 a

nd
/o

r 
a 

m
od

el
. 

• 
U

se
 d

at
a 

to
 e

va
lu

at
e 

cl
ai

m
s 

ab
ou

t c
au

se
 

an
d 

ef
fe

ct
. 

•  
C

on
st

ru
ct

, u
se

, a
nd

/o
r 

pr
es

en
t a

n 
or

al
 a

nd
 w

rit
te

n 
ar

gu
m

en
t s

up
po

rt
ed

 
by

 e
m

pi
ric

al
 e

vi
de

nc
e 

an
d 

sc
ie

nt
ifi

c 
re

as
on

in
g 

to
 s

up
po

rt
 o

r 
re

fu
te

 
an

 e
xp

la
na

tio
n 

or
 a

 m
od

el
 fo

r 
a 

ph
en

om
en

on
 o

r 
a 

so
lu

tio
n 

to
 a

 p
ro

bl
em

. 

• 
C

on
st

ru
ct

, u
se

, a
nd

/o
r 

pr
es

en
t a

n 
or

al
 a

nd
 w

rit
te

n 
ar

gu
m

en
t o

r 
co

un
te

r-
ar

gu
m

en
ts

 b
as

ed
 o

n 
da

ta
 a

nd
 e

vi
de

nc
e.

 

• 
M

ak
e 

a 
cl

ai
m

 a
bo

ut
 th

e 
ef

fe
ct

iv
en

es
s 

of
 a

n 
ob

je
ct

, t
oo

l, 
or

 s
ol

ut
io

n 
th

at
 is

 
su

pp
or

te
d 

by
 r

el
ev

an
t e

vi
de

nc
e.

 

•  
M

ak
e 

a 
cl

ai
m

 a
bo

ut
 th

e 
m

er
it 

of
 a

 
so

lu
tio

n 
to

 a
 p

ro
bl

em
 b

y 
ci

tin
g 

re
le

va
nt

 
ev

id
en

ce
 a

bo
ut

 h
ow

 it
 m

ee
ts

 th
e 

cr
ite

ria
 

an
d 

co
ns

tr
ai

nt
s 

of
 th

e 
pr

ob
le

m
. 

•  
M

ak
e 

an
 o

ra
l o

r 
w

rit
te

n 
ar

gu
m

en
t t

ha
t 

su
pp

or
ts

 o
r 

re
fu

te
s 

th
e 

ad
ve

rt
is

ed
 

pe
rf

or
m

an
ce

 o
f a

 d
ev

ic
e,

 p
ro

ce
ss

, o
r 

sy
st

em
, b

as
ed

 o
n 

em
pi

ric
al

 e
vi

de
nc

e 
co

nc
er

ni
ng

 w
he

th
er

 o
r 

no
t t

he
 

te
ch

no
lo

gy
 m

ee
ts

 r
el

ev
an

t c
rit

er
ia

 a
nd

 
co

ns
tr

ai
nt

s.
 

•  
E

va
lu

at
e 

co
m

pe
tin

g 
de

si
gn

 s
ol

ut
io

ns
 

ba
se

d 
on

 jo
in

tly
 d

ev
el

op
ed

 a
nd

 a
gr

ee
d-

up
on

 d
es

ig
n 

cr
ite

ria
. 

• 
M

ak
e 

an
d 

de
fe

nd
 a

 c
la

im
 b

as
ed

 o
n 

ev
id

en
ce

 a
bo

ut
 th

e 
na

tu
ra

l w
or

ld
 o

r 
th

e 
ef

fe
ct

iv
en

es
s 

of
 a

 d
es

ig
n 

so
lu

tio
n 

th
at

 r
efl

ec
ts

 s
ci

en
tifi

c 
kn

ow
le

dg
e 

an
d 

st
ud

en
t-

ge
ne

ra
te

d 
ev

id
en

ce
. 

•  
E

va
lu

at
e 

co
m

pe
tin

g 
de

si
gn

 s
ol

ut
io

ns
 to

 
a 

re
al

-w
or

ld
 p

ro
bl

em
 b

as
ed

 o
n 

sc
ie

nt
ifi

c 
id

ea
s 

an
d 

pr
in

ci
pl

es
, e

m
pi

ric
al

 e
vi

de
nc

e,
 

an
d/

or
 lo

gi
ca

l a
rg

um
en

ts
 r

eg
ar

di
ng

 
re

le
va

nt
 fa

ct
or

s 
(e

.g
., 

ec
on

om
ic

, s
oc

ie
ta

l, 
en

vi
ro

nm
en

ta
l, 

et
hi

ca
l c

on
si

de
ra

tio
ns

). 
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K–12 Progressions
Sc

ie
nc

e
 a

nd
 E

ng
in

e
e

rin
g

 P
ra

c
tic

e
s:

 O
b

ta
in

in
g

, E
va

lu
a

tin
g

, a
nd

 
C

o
m

m
un

ic
a

tin
g

 In
fo

rm
a

tio
n 

S
ci

en
tis

ts
 a

nd
 e

ng
in

ee
rs

 m
us

t b
e 

ab
le

 to
 c

om
m

un
ic

at
e 

cl
ea

rly
 a

nd
 p

er
su

as
iv

el
y 

th
e 

id
ea

s 
an

d 
m

et
ho

ds
 th

ey
 g

en
er

at
e.

 C
rit

iq
ui

ng
 a

nd
 c

om
m

un
ic

at
in

g 
id

ea
s 

in
di

vi
du

al
ly

 a
nd

 in
 g

ro
up

s 
is

 a
 c

rit
ic

al
 p

ro
fe

ss
io

na
l a

ct
iv

ity
. C

om
m

un
ic

at
in

g 
in

fo
rm

at
io

n 
an

d 
id

ea
s 

ca
n 

be
 d

on
e 

in
 m

ul
tip

le
 w

ay
s:

 u
si

ng
 ta

bl
es

, d
ia

gr
am

s,
 g

ra
ph

s,
 

m
od

el
s,

 a
nd

 e
qu

at
io

ns
 a

s 
w

el
l a

s 
or

al
ly

, i
n 

w
rit

in
g,

 a
nd

 th
ro

ug
h 

ex
te

nd
ed

 d
is

cu
ss

io
ns

. S
ci

en
tis

ts
 a

nd
 e

ng
in

ee
rs

 e
m

pl
oy

 m
ul

tip
le

 s
ou

rc
es

 to
 o

bt
ai

n 
in

fo
rm

at
io

n 
th

at
 is

 
us

ed
 to

 e
va

lu
at

e 
th

e 
m

er
it 

an
d 

va
lid

ity
 o

f c
la

im
s,

 m
et

ho
ds

, a
nd

 d
es

ig
ns

.

K
–2

 C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
3–

5 
C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

6–
8 

C
o

n
d

en
se

d
 P

ra
ct

ic
es

 
9–

12
 C

o
n

d
en

se
d

 P
ra

ct
ic

es
 

O
bt

ai
ni

ng
, e

va
lu

at
in

g,
 a

nd
 c

om
m

un
ic

at
in

g 
in

fo
rm

at
io

n 
in

 K
–2

 b
ui

ld
s 

on
 p

rio
r 

ex
pe

rie
nc

es
 a

nd
 u

se
s 

ob
se

rv
at

io
ns

 a
nd

 
te

xt
s 

to
 c

om
m

un
ic

at
e 

ne
w

 in
fo

rm
at

io
n.

 

O
bt

ai
ni

ng
, e

va
lu

at
in

g,
 a

nd
 c

om
m

un
ic

at
in

g 
in

fo
rm

at
io

n 
in

 3
–5

 b
ui

ld
s 

on
 K

–2
 

ex
pe

rie
nc

es
 a

nd
 p

ro
gr

es
se

s 
to

 e
va

lu
at

in
g 

th
e 

m
er

it 
an

d 
ac

cu
ra

cy
 o

f i
de

as
 a

nd
 

m
et

ho
ds

. 

O
bt

ai
ni

ng
, e

va
lu

at
in

g,
 a

nd
 c

om
m

un
ic

at
in

g 
in

fo
rm

at
io

n 
in

 6
–8

 b
ui

ld
s 

on
 K

–5
 

ex
pe

rie
nc

es
 a

nd
 p

ro
gr

es
se

s 
to

 e
va

lu
at

in
g 

th
e 

m
er

it 
an

d 
va

lid
ity

 o
f i

de
as

 a
nd

 m
et

ho
ds

. 

O
bt

ai
ni

ng
, e

va
lu

at
in

g,
 a

nd
 c

om
m

un
ic

at
in

g 
in

fo
rm

at
io

n 
in

 9
–1

2 
bu

ild
s 

on
 K

–8
 

ex
pe

rie
nc

es
 a

nd
 p

ro
gr

es
se

s 
to

 e
va

lu
at

in
g 

th
e 

va
lid

ity
 a

nd
 r

el
ia

bi
lit

y 
of

 th
e 

cl
ai

m
s,

 
m

et
ho

ds
, a

nd
 d

es
ig

ns
. 

• 
R

ea
d 

gr
ad

e-
ap

pr
op

ria
te

 te
xt

s 
an

d/
or

 u
se

 
m

ed
ia

 to
 o

bt
ai

n 
sc

ie
nt

ifi
c 

an
d/

or
 te

ch
ni

ca
l 

in
fo

rm
at

io
n 

to
 d

et
er

m
in

e 
pa

tte
rn

s 
in

 
an

d/
or

 e
vi

de
nc

e 
ab

ou
t t

he
 n

at
ur

al
 a

nd
 

de
si

gn
ed

 w
or

ld
(s

). 

• 
R

ea
d 

an
d 

co
m

pr
eh

en
d 

gr
ad

e-
ap

pr
op

ria
te

 c
om

pl
ex

 te
xt

s 
an

d/
or

 o
th

er
 

re
lia

bl
e 

m
ed

ia
 to

 s
um

m
ar

iz
e 

an
d 

ob
ta

in
 

sc
ie

nt
ifi

c 
an

d 
te

ch
ni

ca
l i

de
as

 a
nd

 
de

sc
rib

e 
ho

w
 th

ey
 a

re
 s

up
po

rt
ed

 b
y 

ev
id

en
ce

. 

• 
C

om
pa

re
 a

nd
/o

r 
co

m
bi

ne
 a

cr
os

s 
co

m
pl

ex
 te

xt
s 

an
d/

or
 o

th
er

 re
lia

bl
e 

m
ed

ia
 

to
 s

up
po

rt
 th

e 
en

ga
ge

m
en

t i
n 

ot
he

r 
sc

ie
nt

ifi
c 

an
d/

or
 e

ng
in

ee
rin

g 
pr

ac
tic

es
. 

• 
C

rit
ic

al
ly

 r
ea

d 
sc

ie
nt

ifi
c 

te
xt

s 
ad

ap
te

d 
fo

r 
cl

as
sr

oo
m

 u
se

 to
 d

et
er

m
in

e 
th

e 
ce

nt
ra

l i
de

as
 a

nd
/o

r 
ob

ta
in

 s
ci

en
tifi

c 
an

d/
or

 te
ch

ni
ca

l i
nf

or
m

at
io

n 
to

 d
es

cr
ib

e 
pa

tte
rn

s 
in

 a
nd

/o
r 

ev
id

en
ce

 a
bo

ut
 th

e 
na

tu
ra

l a
nd

 d
es

ig
ne

d 
w

or
ld

(s
). 

• 
C

rit
ic

al
ly

 r
ea

d 
sc

ie
nt

ifi
c 

lit
er

at
ur

e 
ad

ap
te

d 
fo

r 
cl

as
sr

oo
m

 u
se

 to
 d

et
er

m
in

e 
th

e 
ce

nt
ra

l i
de

as
 o

r 
co

nc
lu

si
on

s 
an

d/
or

 to
 o

bt
ai

n 
sc

ie
nt

ifi
c 

an
d/

or
 te

ch
ni

ca
l 

in
fo

rm
at

io
n 

to
 s

um
m

ar
iz

e 
co

m
pl

ex
 

ev
id

en
ce

, c
on

ce
pt

s,
 p

ro
ce

ss
es

, o
r 

in
fo

rm
at

io
n 

pr
es

en
te

d 
in

 a
 te

xt
 b

y 
pa

ra
ph

ra
si

ng
 th

em
 in

 s
im

pl
er

 b
ut

 s
til

l 
ac

cu
ra

te
 te

rm
s.

 

• 
D

es
cr

ib
e 

ho
w

 s
pe

ci
fic

 im
ag

es
 (

e.
g.

, a
 

di
ag

ra
m

 s
ho

w
in

g 
ho

w
 a

 m
ac

hi
ne

 w
or

ks
) 

su
pp

or
t a

 s
ci

en
tifi

c 
or

 e
ng

in
ee

rin
g 

id
ea

.

• 
C

om
bi

ne
 in

fo
rm

at
io

n 
in

 w
rit

te
n 

te
xt

 w
ith

 
th

at
 c

on
ta

in
ed

 in
 c

or
re

sp
on

di
ng

 ta
bl

es
, 

di
ag

ra
m

s,
 a

nd
/o

r 
ch

ar
ts

 to
 s

up
po

rt
 th

e 
en

ga
ge

m
en

t i
n 

ot
he

r 
sc

ie
nt

ifi
c 

an
d/

or
 

en
gi

ne
er

in
g 

pr
ac

tic
es

. 

• 
In

te
gr

at
e 

qu
al

ita
tiv

e 
an

d/
or

 q
ua

nt
ita

tiv
e 

sc
ie

nt
ifi

c 
an

d/
or

 te
ch

ni
ca

l i
nf

or
m

at
io

n 
in

 
w

rit
te

n 
te

xt
 w

ith
 th

at
 c

on
ta

in
ed

 in
 m

ed
ia

 
an

d 
vi

su
al

 d
is

pl
ay

s 
to

 c
la

rif
y 

cl
ai

m
s 

an
d 

fin
di

ng
s.

 

• 
C

om
pa

re
, i

nt
eg

ra
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lu
at
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so

ur
ce
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fo

rm
at

io
n 

pr
es

en
te

d 
in

 
di
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re

nt
 m

ed
ia

 o
r 

fo
rm

at
s 

(e
.g

., 
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su
al
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, 
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an

tit
at

iv
el
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s 
w

el
l a
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r 
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 a
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en
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c 
qu

es
tio
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e 
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le

m
. 

•  
O
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ai
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rm

at
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n 
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g 
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f 
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en
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ie
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c 
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 m
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 b
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w
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a 
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ie
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at
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 p
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at
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 b
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at
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 d
es

cr
ib

e 
ho

w
 th

ey
 

ar
e 

su
pp
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. 
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at
e 

da
ta

, h
yp

ot
he

se
s,

 a
nd

/o
r 

co
nc

lu
si

on
s 

in
 s

ci
en

tifi
c 

an
d 

te
ch

ni
ca

l 
te

xt
s 

in
 li

gh
t o

f c
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 c

la
im

s,
 

m
et

ho
ds

, a
nd

/o
r 

de
si

gn
s 

th
at

 a
pp

ea
r 

in
 

sc
ie

nt
ifi

c 
an

d 
te

ch
ni

ca
l t

ex
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e 
da

ta
 w

he
n 

po
ss

ib
le

. 

• 
C

om
m

un
ic

at
e 

in
fo

rm
at

io
n 

or
 d
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at
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, d
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at
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 p
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 p
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 d
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 p
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). 

Copyright © 2015 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781941316122.



58 National Science Teachers Association

Chapter 2
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ra
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ra
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ra
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at
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at
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 c
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.
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 c
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 d
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e 
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d 
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.
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S
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n 
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t, 
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m
m
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at
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e 
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 c
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r 
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ra
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 c
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 m
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at
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n.
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M
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 p
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re
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P
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f c
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r 
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m
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al
 r
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 c
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at
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n 
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t n
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si
gn
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P

at
te
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n 
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d 
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at
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. 
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G
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 c
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e 
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y 
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s 
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 d
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D

iff
er

en
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s 
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ay

 b
e 
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ed
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t 

ea
ch
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f t

he
 s

ca
le

s 
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 w
hi

ch
 a

 s
ys

te
m

 is
 

st
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ie
d 

an
d 

ca
n 

pr
ov

id
e 

ev
id

en
ce
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r 

ca
us

al
ity

 in
 e
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 o

f p
he

no
m

en
a.

• 
C
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r 

ex
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an
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ns
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se

d 
at

 
on

e 
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al
e 

m
ay

 fa
il 
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 n

ee
d 

r e
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on
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he

n 
in
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rm

at
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n 
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om
 s

m
al

le
r 
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rg
er

 s
ca

le
s 
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uc
ed
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hu

s 
re
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ng
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ig

at
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er
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. 

• 
P

at
te

rn
s 

of
 p

er
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rm
an
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 o

f d
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ig
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d 
sy

st
em

s 
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n 
be
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ze

d 
an

d 
in
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te
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 r
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r 
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d 

im
pr
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e 
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e 
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. 
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M
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he
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al

 r
ep
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se

nt
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 id

en
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y 
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e 

pa
tte
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s.

• 
E

m
pi

ric
al

 e
vi

de
nc

e 
is

 n
ee

de
d 

to
 id

en
tif

y 
pa

tte
rn

s.

C
au

se
 a

n
d

 E
ff

ec
t:

 M
ec

h
an

is
m

 a
n

d
 P

re
d

ic
ti

o
n

: E
ve

nt
s 

ha
ve

 c
au

se
s,

 s
om

et
im

es
 s

im
pl

e,
 s

om
et

im
es

 m
ul

tif
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et
ed

. D
ec

ip
he

rin
g 

ca
us

al
 r

el
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io
ns

hi
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, a
nd

 th
e 

m
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s 
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 w
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th
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re
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ed
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te
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 m
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iv
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f s
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rin
g.
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E

ve
nt
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 c
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e 
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le
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S

im
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e 
te
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s 
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n 
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 d
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ig

ne
d 

to
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r 
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id
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 o
r 
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ou
t c
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C
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se
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nd
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el
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io
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hi
ps

 a
re

 
ro

ut
in
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y 
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en
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ed

, t
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te
d,
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ch

an
ge

. 
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E

ve
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 o
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 b
e 

a 
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R
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 c
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e 
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si
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 c
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l, 

an
d 
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n 
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 b
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e 

ca
us

e-
an

d-
ef
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 b
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 p
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E

m
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ffe
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w
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n 
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e 
an

d 
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at
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n 
an

d 
m
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e 
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m
s 
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ou

t 
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ec
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ca

us
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ffe

ct
s.

 

• 
C

au
se

-a
nd

-e
ffe

ct
 r

el
at

io
ns

hi
ps

 c
an

 b
e 

su
gg

es
te

d 
an

d 
pr

ed
ic

te
d 

fo
r 

co
m

pl
ex

 
na

tu
ra

l a
nd
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um

an
-d

es
ig

ne
d 

sy
st

em
s 
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in
in

g 
w

ha
t i

s 
kn

ow
n 

ab
ou

t s
m

al
le

r 
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al
e 
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s 

w
ith
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S
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te

m
s 

ca
n 

be
 d

es
ig

ne
d 

to
 c

au
se
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re
d 

ef
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C
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 s
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m
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m
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e 
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s.
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K–12 Progressions

C
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 C
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)
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d
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G
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d
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G
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d
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2
S

ca
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, P
ro

p
o
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n
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u
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er
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en
a,

 it
 is

 c
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t d
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 p
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 c
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 b
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m
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 m
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.
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e 

or
 fr

om
 v

er
y 

sh
or

t 
to

 v
er

y 
lo

ng
 ti

m
e 

pe
rio

ds
. 

• 
S

ta
nd

ar
d 

un
its

 a
re

 u
se

d 
to

 m
ea

su
re

 a
nd

 
de

sc
rib

e 
ph

ys
ic

al
 q

ua
nt

iti
es

 s
uc

h 
as

 
w

ei
gh

t, 
tim

e,
 te

m
pe

ra
tu

re
, a

nd
 v

ol
um

e.

• 
T

im
e,

 s
pa

ce
, a

nd
 e

ne
rg

y 
ph

en
om

en
a 

ca
n 

be
 o

bs
er

ve
d 

at
 v

ar
io

us
 s

ca
le

s 
us

in
g 

m
od

el
s 

to
 s

tu
dy

 s
ys

te
m

s 
th

at
 a

re
 to

o 
la

rg
e 

or
 to

o 
sm

al
l. 

• 
T

he
 o

bs
er

ve
d 

fu
nc

tio
n 

of
 n

at
ur

al
 a

nd
 

de
si

gn
ed

 s
ys

te
m

s 
m

ay
 c

ha
ng

e 
w

ith
 

sc
al

e.
 

• 
P

ro
po

rt
io

na
l r

el
at

io
ns

hi
ps

 (
e.

g.
, s

pe
ed

 
as

 th
e 

ra
tio

 o
f d
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PS1.B: Chemical Reactions

• 
H

ea
tin

g 
or

 c
oo

lin
g 

a 
su

bs
ta

nc
e 

m
ay

 c
au

se
 

ch
an

ge
s 

th
at

 c
an

 b
e 

ob
se

rv
ed

. S
om

et
im

es
 th

es
e 

ch
an

ge
s 

ar
e 

re
ve

rs
ib

le
, a

nd
 

so
m

et
im

es
 th

ey
 a

re
 n

ot
. 

(2
-P

S
1-

4)

• 
W

he
n 

tw
o 

or
 m

or
e 

di
ffe

re
nt

 
su

bs
ta

nc
es

 a
re

 m
ix

ed
, a

 
ne

w
 s

ub
st

an
ce

 w
ith

 d
iff

er
en

t 
pr

op
er

tie
s 

m
ay

 b
e 

fo
rm

ed
. 

(5
-P

S
1-

4)

• 
N

o 
m

at
te

r 
w

ha
t r

ea
ct

io
n 

or
 

ch
an

ge
 in

 p
ro

pe
rt

ie
s 

oc
cu

rs
, 

th
e 

to
ta

l w
ei

gh
t o

f t
he

 
su

bs
ta

nc
es

 d
oe

s 
no

t c
ha

ng
e.

 
(B

ou
nd

ar
y:

 M
as

s 
an

d 
w

ei
gh

t 
ar

e 
no

t d
is

tin
gu

is
he

d 
at

 th
is

 
gr

ad
e 

le
ve

l.)
 (

5-
P

S
1-

2)

• 
S

ub
st

an
ce

s 
re

ac
t c

he
m

ic
al

ly
 in

 c
ha

ra
ct

er
is

tic
 

w
ay

s.
 In

 a
 c

he
m

ic
al

 p
ro

ce
ss

, t
he

 a
to

m
s 

th
at

 m
ak

e 
up

 th
e 

or
ig

in
al

 s
ub

st
an

ce
s 

ar
e 

re
gr

ou
pe

d 
in

to
 d

iff
er

en
t m

ol
ec

ul
es

, 
an

d 
th

es
e 

ne
w

 s
ub

st
an

ce
s 

ha
ve

 d
iff

er
en

t 
pr

op
er

tie
s 

fr
om

 th
os

e 
of

 th
e 

re
ac

ta
nt

s.
 

(M
S

-P
S

1-
2)

,(
M

S
-P

S
1-

3)
,(

M
S

-P
S

1-
5)

• 
T

he
 to

ta
l n

um
be

r 
of

 e
ac

h 
ty

pe
 o

f a
to

m
 is

 
co

ns
er

ve
d,

 a
nd

 th
us

 th
e 

m
as

s 
do

es
 n

ot
 

ch
an

ge
. (

M
S

-P
S

1-
5)

• 
S

om
e 

ch
em

ic
al

 r
ea

ct
io

ns
 r

el
ea

se
 e

ne
rg

y,
 

ot
he

rs
 s

to
re

 e
ne

rg
y.

 (
M

S
-P

S
1-

6)

• 
C

he
m

ic
al

 p
ro

ce
ss

es
, t

he
ir 

ra
te

s,
 a

nd
 w

he
th

er
 

or
 n

ot
 e

ne
rg

y 
is

 s
to

re
d 

or
 r

el
ea

se
d 

ca
n 

be
 u

nd
er

st
oo

d 
in

 te
rm

s 
of

 th
e 

co
lli

si
on

s 
of

 
m

ol
ec

ul
es

 a
nd

 th
e 

re
ar

ra
ng

em
en

ts
 o

f a
to

m
s 

in
to

 n
ew

 m
ol

ec
ul

es
, w

ith
 c

on
se

qu
en

t c
ha

ng
es

 
in

 th
e 

su
m

 o
f a

ll 
bo

nd
 e

ne
rg

ie
s 

in
 th

e 
se

t o
f 

m
ol

ec
ul

es
 th

at
 a

re
 m

at
ch

ed
 b

y 
ch

an
ge

s 
in

 
ki

ne
tic

 e
ne

rg
y.

 (
H

S
-P

S
1-

4)
,(

H
S

-P
S

1-
5)

•  
In

 m
an

y 
si

tu
at

io
ns

, a
 d

yn
am

ic
 a

nd
 c

on
di

tio
n-

de
pe

nd
en

t b
al

an
ce

 b
et

w
ee

n 
a 

re
ac

tio
n 

an
d 

th
e 

re
ve

rs
e 

re
ac

tio
n 

de
te

rm
in

es
 th

e 
nu

m
be

rs
 o

f a
ll 

ty
pe

s 
of

 m
ol

ec
ul

es
 p

re
se

nt
. (

H
S

-P
S

1-
6)

 

• 
T

he
 fa

ct
 th

at
 a

to
m

s 
ar

e 
co

ns
er

ve
d,

 to
ge

th
er

 
w

ith
 k

no
w

le
dg

e 
of

 th
e 

ch
em

ic
al

 p
ro

pe
rt

ie
s 

of
 th

e 
el

em
en

ts
 in

vo
lv

ed
, c

an
 b

e 
us

ed
 to

 
de

sc
rib

e 
an

d 
pr

ed
ic

t c
he

m
ic

al
 r

ea
ct

io
ns

. 
(H

S
-P

S
1-

2)
,(

H
S

-P
S

1-
7)

PS1.C: Nuclear Processes
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 d
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 p
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 c
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 m
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 c
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 p
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 c
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PS3.A: Definitions of Energy
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 p
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and Everyday Life
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 c
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LS2.B: Cycles of Matter and  
Energy Transfer in Ecosystems
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LS3.B: Variation of Traits
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LS4.C: Adaptation
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K–12 Progressions
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 c
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The         Quick-Reference Guide to the

NGSS
Since the release of the first draft of the Next Generation Science Standards 
(NGSS), NSTA has been at the forefront in promoting the standards and helping 
science educators become familiar with and learn to navigate this exciting but 
complex document. Later, when the final version was released and states began 
adopting the standards, NSTA started to develop resources that would assist 
educators with their implementation.

Along the way, NSTA learned that even the simplest of resources, like a one-page 
cheat sheet, can be extremely useful. Many of those tools are collected here, 
including 

•  a two-page cheat sheet that describes the practices, core ideas, and cross-
cutting concepts that make up the three dimensions described in A Frame-
work for K–12 Science Education;

•  an “Inside the NGSS Box” graphic that spells out all of the individual sec-
tions of text that appear on a page of the NGSS;

•  a Venn diagram comparing the practices in NGSS with Common Core State 
Standards in English language arts and mathematics; and 

•  matrixes showing how the NGSS are organized by topic and disciplinary 
core idea.

This guide also highlights the appropriate performance expectations; disciplinary 
core ideas; practices; crosscutting concepts; connections to engineering, 
technology, and applications of science; and connections to nature of science. It 
is designed to be used with the NGSS.

The book’s emphasis is on easy. Find the parts of the standards most relevant to 
you, acquaint yourself with the format, and find out what each of the different 
parts means. The NSTA Quick-Reference Guides to the NGSS are also available in 
other grade-specific versions—one each for elementary and high school—plus 
a comprehensive K–12 edition. The four Quick-Reference Guides are indispens-
able to science teachers at all levels, as well as to administrators, curriculum 
developers, and teacher educators. 

http://ngss.nsta.org
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