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Transitioning to New Science Standards:   
Targeted Support for Elementary Teachers 

 
Day 1 
Objective: 
Participants will be provided with an opportunity to learn the new Arkansas K-12 
Science Standards and develop an understanding of science and engineering practices 
with the focus on the practice of “Developing and Using Models.” 
Agenda 

Morning 
• Survey   
• Overview of NGSS: How do I read and understand the structure of NGSS?  
• Connecting the Elements: 3-Dimensional Learning  
• Tale of Two “GOOD” Classrooms  
• Recognizing the Practices in Instruction  
Afternoon 
• KLEWS Chart 
• Sideways Force Investigation 
• Use Models to Predict & Develop Evidence 
• Textual Evidence 
• Gots and Needs Exit Slip 

 

 

Day 2  
Objectives: 
Participants will able to define and provide examples of Practice Six (Constructing 
Explanations and Designing Solutions) and Practice Seven (Engaging in Argument from 
Evidence).  Participants will increase their understanding of the coherence between 
ELA and science practices. 
Agenda 

Morning 
• Review Gots and Needs 
• Pre-Assess Practices Six and Seven 
• Pendulum Experience and Investigation 
• Create a Scientific Explanation 

        Afternoon 
• Tweak the Scientific Explanation 
• Fishbowl 
• Examine Scientific Explanations 
• ELA Connections 
• Progressions of Practices Six and Seven 
• Gots and Needs Exit Slip  
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Day 3 
Objectives:  
Participants will be able to support sense-making in students by creating prompts to 
elicit productive student thinking in the domains of prior knowledge, gathering data, 
making sense of data, and metacognition.    
Agenda 

Morning 
• Review Gots and Needs, Share Goal for the Day  
• Focusing on the Essences of Thinking:  Prior Knowledge, Gathering Data, 

Making Sense of Data, and Metacognition 
        Afternoon 

• Focusing on Types of Student Work 
• Creating Prompts to Elicit Student Thinking 
• Planning for Implementation 
• Post-Survey 
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Three Dim
ensions of the Fram

ew
ork for K-12 Science Education Being U

sed to Develop the N
ext G

eneration Science Standards (N
G

SS) 
 

Scientific and Engineering Practices 
 Asking Q

uestions and Defining Problem
s  

A practice of science is to ask and refine questions that lead to 
descriptions and explanations of how

 the natural and designed 
w

orld w
orks and w

hich can be em
pirically tested.  

Engineering questions clarify problem
s to determ

ine criteria 
for successful solutions and identify constraints to solve 
problem

s about the designed w
orld.  

Both scientists and engineers also ask questions to clarify the 
ideas of others.  
 Planning and Carrying O

ut Investigations  
Scientists and engineers plan and carry out investigations in the 
field or laboratory, w

orking collaboratively as w
ell as 

individually. Their investigations are system
atic and require 

clarifying w
hat counts as data and identifying variables or 

param
eters.  

Engineering investigations identify the effectiveness, efficiency, 
and durability of designs under different conditions.  
 Analyzing and Interpreting Data  
Scientific investigations produce data that m

ust be analyzed in 
order to derive m

eaning. Because data patterns and trends are 
not alw

ays obvious, scientists use a range of tools—
including 

tabulation, graphical interpretation, visualization, and 
statistical analysis—

to identify the significant features and 
patterns in the data. Scientists identify sources of error in the 
investigations and calculate the degree of certainty in the 
results. M

odern technology m
akes the collection of large data 

sets m
uch easier, providing secondary sources for analysis.  

Engineering investigations include analysis of data collected in 
the tests of designs. This allow

s com
parison of different 

solutions and determ
ines how

 w
ell each m

eets specific design 
criteria—

that is, w
hich design best solves the problem

 w
ithin 

given constraints. Like scientists, engineers require a range of 
tools to identify patterns w

ithin data and interpret the results. 
Advances in science m

ake analysis of proposed solutions m
ore 

efficient and effective.  

 Developing and U
sing M

odels  
A practice of both science and engineering is to use and 
construct m

odels as helpful tools for representing ideas and 
explanations. These tools include diagram

s, draw
ings, physical 

replicas, m
athem

atical representations, analogies, and 
com

puter sim
ulations.  

M
odeling tools are used to develop questions, predictions and 

explanations; analyze and identify flaw
s in system

s; and 
com

m
unicate ideas. M

odels are used to build and revise 
scientific explanations and proposed engineered system

s. 
M

easurem
ents and observations are used to revise m

odels and 
designs.  
 Constructing Explanations and Designing Solutions  
The products of science are explanations and the products of 
engineering are solutions.  
The goal of science is the construction of theories that provide 
explanatory accounts of the w

orld. A theory becom
es accepted 

w
hen it has m

ultiple lines of em
pirical evidence and greater 

explanatory pow
er of phenom

ena than previous theories.  
The goal of engineering design is to find a system

atic solution to 
problem

s that is based on scientific know
ledge and m

odels of 
the m

aterial w
orld. Each proposed solution results from

 a 
process of balancing com

peting criteria of desired functions, 
technical feasibility, cost, safety, aesthetics, and com

pliance 
w

ith legal requirem
ents. The optim

al choice depends on how
 

w
ell the proposed solutions m

eet criteria and constraints.  
 Engaging in Argum

ent from
 Evidence  

Argum
entation is the process by w

hich explanations and 
solutions are reached.  
In science and engineering, reasoning and argum

ent based on 
evidence are essential to identifying the best explanation for a 
natural phenom

enon or the best solution to a design problem
. 

Scientists and engineers use argum
entation to listen to, 

com
pare, and evaluate com

peting ideas and m
ethods based on 

m
erits.  

Scientists and engineers engage in argum
entation w

hen 
investigating a phenom

enon, testing a design solution, resolving 
questions about m

easurem
ents, building data m

odels, and using 
evidence to identify strengths and w

eaknesses of claim
s.  

 U
sing M

athem
atics and Com

putational Thinking  
In both science and engineering, m

athem
atics and 

com
putation are fundam

ental tools for representing physical 
variables and their relationships. They are used for a range of 
tasks such as constructing sim

ulations; statistically analyzing 
data; and recognizing, expressing, and applying quantitative 
relationships.  
M

athem
atical and com

putational approaches enable 
scientists and engineers to predict the behavior of system

s 
and test the validity of such predictions. Statistical m

ethods 
are frequently used to identify significant patterns and 
establish correlational relationships. 
 O

btaining, Evaluating, and Com
m

unicating 
Inform

ation  
Scientists and engineers m

ust be able to com
m

unicate clearly 
and persuasively the ideas and m

ethods they generate. 
Critiquing and com

m
unicating ideas individually and in groups 

is a critical professional activity.  
Com

m
unicating inform

ation and ideas can be done in 
m

ultiple w
ays: using tables, diagram

s, graphs, m
odels, and 

equations as w
ell as orally, in w

riting, and through extended 
discussions. Scientists and engineers em

ploy m
ultiple sources 

to acquire inform
ation that is used to evaluate the m

erit and 
validity of claim

s, m
ethods, and designs.  

 Developed by N
STA based on content from

 the Fram
ew

ork for K-12 Science Education and supporting docum
ents for the M

ay 2012 Public Draft of the N
GSS  
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Disciplinary Core Ideas in  
Physical Science 

Disciplinary Core Ideas in  
Life Science 

Disciplinary Core Ideas in  
Earth and Space Science 

Disciplinary Core Ideas in  
Engineering, Technology, and  

the Application of Science 
 PS1: M

atter and Its Interactions 
PS1.A: Structure and Properties of M

atter 
PS1.B: Chem

ical Reactions 
PS1.C: N

uclear Processes 
 PS2: M

otion and Stability: Forces and 
Interactions 

PS2.A: Forces and M
otion 

PS2.B: Types of Interactions 
PS2.C: Stability and Instability in Physical 

System
s 

 PS3: Energy 
PS3.A: Definitions of Energy 
PS3.B: Conservation of Energy and Energy 

Transfer 
PS3.C: Relationship Betw

een Energy and 
Forces 

PS3.D: Energy in Chem
ical Processes and 

Everyday Life 
 PS4: W

aves and Their Applications in 
Technologies for Inform

ation Transfer 
PS4.A: W

ave Properties 
PS4.B: Electrom

agnetic Radiation 
PS4.C: Inform

ation Technologies and 
Instrum

entation 

 LS1: From
 M

olecules to O
rganism

s:
 

Structures and Processes 
LS1.A: Structure and Function 
LS1.B: Grow

th and Developm
ent of 

O
rganism

s 
LS1.C: O

rganization for M
atter and Energy 

Flow
 in O

rganism
s 

LS1.D: Inform
ation Processing 

 LS2: Ecosystem
s: Interactions, Energy, and 

Dynam
ics 

LS2.A: Interdependent Relationships in 
Ecosystem

s 
LS2.B: Cycles of M

atter and Energy Transfer in 
Ecosystem

s 
LS2.C: Ecosystem

 Dynam
ics, Functioning, and 

Resilience 
LS2.D: Social Interactions and Group Behavior 
 LS3: Heredity: Inheritance and Variation of 

Traits 
LS3.A: Inheritance of Traits 
LS3.B: Variation of Traits 
 LS4: Biological Evolution: U

nity and Diversity 
LS4.A: Evidence of Com

m
on Ancestry and 

Diversity 
LS4.B: N

atural Selection 
LS4.C: Adaptation 
LS4.D: Biodiversity and Hum

ans 

 ESS1: Earth’s Place in the U
niverse 

ESS1.A: The U
niverse and Its Stars 

ESS1.B: Earth and the Solar System
 

ESS1.C: The History of Planet Earth 
 ESS2: Earth’s System

s 
ESS2.A: Earth M

aterials and System
s 

ESS2.B: Plate Tectonics and Large-Scale 
System

 Interactions 
ESS2.C: The Roles of W

ater in Earth’s Surface 
Processes 

ESS2.D: W
eather and Clim

ate 
ESS2.E: Biogeology 
 ESS3: Earth and Hum

an Activity 
ESS3.A: N

atural Resources 
ESS3.B: N

atural Hazards 
ESS3.C: Hum

an Im
pacts on Earth System

s 
ESS3.D: Global Clim

ate Change 

 ETS1: Engineering Design 
ETS1.A: Defining and Delim

iting an 
Engineering Problem

 
ETS1.B: Developing Possible Solutions 
ETS1.C: O

ptim
izing the Design Solution 

 ETS2: Links Am
ong Engineering, Technology, 

Science, and Society 
ETS2.A: Interdependence of Science, 

Engineering, and Technology 
ETS2.B: Influence of Engineering, Technology, 

and Science on Society and the 
N

atural W
orld 

 

Crosscutting Concepts 
 Patterns 
O

bserved patterns of form
s and events guide organization and 

classification, and they prom
pt questions about relationships 

and the factors that influence them
. 

 Cause and Effect: M
echanism

 and Explanation 
Events have causes, som

etim
es sim

ple, som
etim

es 
m

ultifaceted. A m
ajor activity of science is investigating and 

explaining causal relationships and the m
echanism

s by w
hich 

they are m
ediated. Such m

echanism
s can then be tested across 

given contexts and used to predict and explain events in new
 

contexts. 

 Scale, Proportion, and Q
uantity 

In considering phenom
ena, it is critical to recognize w

hat is 
relevant at different m

easures of size, tim
e, and energy and to 

recognize how
 changes in scale, proportion, or quantity affect a 

system
’s structure or perform

ance. 
 System

s and System
 M

odels 
Defining the system

 under study—
specifying its boundaries 

and m
aking explicit a m

odel of that system
—

provides tools for 
understanding and testing ideas that are applicable throughout 
science and engineering. 

 Energy and M
atter: Flow

s, Cycles, and Conservation 
Tracking fluxes of energy and m

atter into, out of, and w
ithin 

system
s helps one understand the system

s’ possibilities and 
lim

itations.  
 Structure and Function 
The w

ay in w
hich an object or living thing is shaped and its 

substructure determ
ine m

any of its properties and functions. 
 Stability and Change 
For natural and built system

s alike, conditions of stability and 
determ

inants of rates of change or evolution of a system
 are 

critical elem
ents of study. 
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

A
skin

g Q
u

estio
n

s an
d

 
D

e
fin

in
g P

ro
b

le
m

s  

A
 p

ractice o
f scien

ce is to
 ask an

d
 refin

e q
u

estio
n

s th
at lead

 to
 d

escrip
tio

n
s an

d
 exp

lan
atio

n
s o

f h
o

w
 th

e n
atu

ral an
d

 d
esign

ed
 

w
o

rld
(s) w

o
rks an

d
 w

h
ich

 can
 b

e em
p

irically te
sted

. En
gin

e
erin

g q
u

estio
n

s clarify p
ro

b
le

m
s to

 d
eterm

in
e criteria fo

r 
su

cce
ssfu

l so
lu

tio
n

s an
d

 id
en

tify co
n

strain
ts to

 so
lve p

ro
b

le
m

s ab
o

u
t th

e d
esign

ed
 w

o
rld

. B
o

th
 scien

tists an
d

 en
gin

e
ers also

 
ask q

u
estio

n
s to

 clarify id
eas. 

 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–

5
 C

o
n

d
e

n
sed

 P
ractice

s  
6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

A
skin

g q
u

estio
n

s an
d

 d
efin

in
g 

p
ro

b
lem

s in
 K

–2
 b

u
ild

s o
n

 p
rio

r 
exp

erie
n

ces an
d

 p
ro

gresses to
 sim

p
le 

d
escrip

tive q
u

e
stio

n
s th

at can
 b

e
 

teste
d

.  

A
skin

g q
u

estio
n

s an
d

 d
efin

in
g 

p
ro

b
lem

s in
 3

–5
 b

u
ild

s o
n

 K
–2

 
exp

erie
n

ces an
d

 p
ro

gresses to
 

sp
ecifyin

g q
u

alitative relatio
n

sh
ip

s.  

A
skin

g q
u

estio
n

s an
d

 d
efin

in
g p

ro
b

lem
s in

 6
–8

 b
u

ild
s 

o
n

 K
–5

 exp
erie

n
ces an

d
 p

ro
gresses to

 sp
ecifyin

g 
relatio

n
sh

ip
s b

etw
e

en
 variab

les, clarify argu
m

en
ts an

d
 

m
o

d
els.  

A
skin

g q
u

estio
n

s an
d

 d
efin

in
g p

ro
b

lem
s in

 9
–1

2
 b

u
ild

s 
o

n
 K

–8
 exp

erie
n

ces an
d

 p
ro

gresses to
 fo

rm
u

latin
g, 

refin
in

g, an
d

 evalu
atin

g em
p

irically testab
le q

u
estio

n
s 

an
d

 d
e

sign
 p

ro
b

lem
s u

sin
g m

o
d

els an
d

 sim
u

latio
n

s.  

 
A

sk q
u

estio
n

s b
ased

 o
n

 
o

b
servatio

n
s to

 fin
d

 m
o

re 
in

fo
rm

atio
n

 ab
o

u
t th

e n
atu

ral 
an

d
/o

r d
esign

ed
 w

o
rld

(s).  
 

 
A

sk q
u

estio
n

s ab
o

u
t w

h
at w

o
u

ld
 

h
ap

p
e

n
 if a variab

le is ch
an

ge
d

.  
 

 
A

sk q
u

estio
n

s th
at arise fro

m
 carefu

l o
b

se
rvatio

n
 o

f 
p

h
e

n
o

m
en

a, m
o

d
els, o

r u
n

exp
ected

 re
su

lts, to
 

clarify an
d

/o
r seek ad

d
itio

n
al in

fo
rm

atio
n

.  

 
A

sk q
u

estio
n

s to
 id

e
n

tify an
d

/o
r clarify evid

e
n

ce 
an

d
/o

r th
e p

rem
ise(s) o

f an
 argu

m
en

t.  

 
A

sk q
u

estio
n

s to
 d

eterm
in

e relatio
n

sh
ip

s b
etw

e
en

 
in

d
e

p
en

d
e

n
t an

d
 d

e
p

en
d

en
t variab

les an
d

 
relatio

n
sh

ip
s in

 m
o

d
e

ls..  

 
A

sk q
u

estio
n

s to
 clarify an

d
/o

r re
fin

e a m
o

d
el, an

 
exp

lan
atio

n
, o

r an
 en

gin
eerin

g p
ro

b
lem

.  
 

 
A

sk q
u

estio
n

s th
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m
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l o
b
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p

h
e

n
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e
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d
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u
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e
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d
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 d

e
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A
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u
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e a m
o

d
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n
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eerin

g p
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b
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.  
 

 
A

sk an
d

/o
r id

e
n

tify q
u

estio
n

s th
at 

can
 b

e an
sw

ered
 b

y an
 

in
vestigatio

n
.  

 

 
Id

en
tify scien

tific (testab
le) an

d
 

n
o

n
-scien

tific (n
o

n
-testab

le) 
q

u
estio

n
s.  

 
A

sk q
u

estio
n

s th
at can

 b
e 

in
vestigate

d
 an

d
 p

re
d
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n
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le o
u

tco
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d
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p
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ip
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d

 co
n

strain
ts th

at m
ay 

in
clu

d
e so

cial, tech
n

ical an
d

/o
r e

n
viro

n
m

en
tal 

co
n

sid
eratio

n
s.  

 

 D
eveloped by N
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

D
e

ve
lo

p
in

g an
d

 
U

sin
g M

o
d

els
  

A
 p

ractice o
f b

o
th

 scien
ce an

d
 en

gin
eerin

g is to
 u

se an
d

 co
n

stru
ct m

o
d

els as h
elp

fu
l to

o
ls fo

r rep
re

sen
tin

g id
eas an

d
 

exp
lan

atio
n

s. Th
e

se to
o

ls in
clu

d
e d

iagram
s, d

raw
in

gs, p
h

ysical rep
licas, m

ath
em

atical rep
resen

tatio
n

s, an
alo

gies, an
d

 co
m

p
u

te
r 

sim
u

latio
n

s. M
o

d
elin

g to
o

ls are u
sed

 to
 d

evelo
p

 q
u

estio
n

s, p
red

ictio
n

s an
d

 exp
lan

atio
n

s; an
alyze an

d
 id

en
tify flaw

s in
 system

s; 
an

d
 co

m
m

u
n

icate id
eas. M

o
d

els are u
sed

 to
 b

u
ild

 an
d

 revise scien
tific exp

lan
atio

n
s an

d
 p

ro
p

o
sed

 en
gin

e
ered

 syste
m

s. 
M

easu
rem

en
ts an

d
 o

b
servatio

n
s are u

sed
 to

 re
vise m

o
d

els an
d

 d
esign

s.  

 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–

5
 C

o
n

d
e

n
sed

 P
ractice

s  
6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

M
o

d
elin

g in
 K

–2
 b

u
ild

s o
n

 p
rio

r 
exp

erie
n

ces an
d

 p
ro

gresses to
 in

clu
d

e 
u

sin
g an

d
 d

evelo
p

in
g m

o
d

els (i.e., 
d

iagram
, d

raw
in

g, p
h

ysical rep
lica, 

d
io

ram
a, d

ram
atizatio

n
, o

r 
sto

ryb
o

ard
) th

at re
p

resen
t co

n
crete 

even
ts o

r d
esign

 so
lu

tio
n

s.  
 

M
o

d
elin

g in
 3

–5
 b

u
ild

s o
n

 K
–2

 
exp

erie
n

ces an
d

 p
ro

gresses to
 

b
u

ild
in

g an
d

 revisin
g sim

p
le m

o
d

els 
an

d
 u

sin
g m

o
d

els to
 re

p
resen

t even
ts 

an
d

 d
e

sign
 so

lu
tio

n
s.  

M
o

d
elin

g in
 6

–8
 b

u
ild

s o
n

 K
–5

 exp
erie

n
ces an

d
 

p
ro

gresses to
 d

evelo
p

in
g, u

sin
g, an

d
 revisin

g m
o

d
els to

 
d

escrib
e, test, an

d
 p

red
ict m

o
re ab

stract p
h

en
o

m
en

a 
an

d
 d

e
sign

 system
s.  

M
o

d
elin

g in
 9

–1
2

 b
u

ild
s o

n
 K

–8
 e

xp
erien

ce
s an

d
 

p
ro

gresses to
 u

sin
g, syn

th
esizin

g, an
d

 d
evelo

p
in

g 
m

o
d

els to
 p

re
d

ict an
d

 sh
o

w
 relatio

n
sh

ip
s am

o
n

g 
variab

les b
etw

ee
n

 system
s an

d
 th

eir co
m

p
o

n
en

ts in
 

th
e n

atu
ral an

d
 d

e
sign

ed
 w

o
rld

(s).  

 
D

istin
gu

ish
 b

etw
ee

n
 a m

o
d

el an
d

 
th

e actu
al o

b
ject, p

ro
cess, an

d
/o

r 
even

ts th
e m

o
d

e
l rep

resen
ts.  

 
C

o
m

p
are m

o
d

els to
 id

en
tify 

co
m

m
o

n
 featu

res an
d

 d
iffere

n
ce

s.  
 

 
Id

en
tify lim

itatio
n

s o
f m

o
d

els.  
 

 
Evalu

ate lim
itatio

n
s o

f a m
o

d
el fo

r a p
ro

p
o

sed
 

o
b

ject o
r to

o
l.  

 

 
Evalu

ate m
erits an

d
 lim

itatio
n

s o
f tw

o
 d

ifferen
t 

m
o

d
els o

f th
e sam

e p
ro

p
o

se
d

 to
o

l, p
ro

cess, 
m

ech
an

ism
, o

r system
 in

 o
rd

e
r to

 select o
r revise a 

m
o

d
el th

at b
est fits th

e evid
en

ce o
r d

esign
 criteria.  

 
D

esign
 a test o

f a m
o

d
el to

 ascertain
 its reliab

ility.  
 

 
D

evelo
p

 an
d

/o
r u

se a m
o

d
el to

 
rep

re
sen

t am
o

u
n

ts, re
latio

n
sh

ip
s, 

relative scales (b
igger, sm

aller), 
an

d
/o

r p
attern

s in
 th

e n
atu

ral an
d

 
d

esign
e

d
 w

o
rld

(s).  
 

 
C

o
llab

o
ratively d

evelo
p

 an
d

/o
r 

revise a m
o

d
el b

ase
d

 o
n

 evid
en

ce 
th

at sh
o

w
s th

e relatio
n

sh
ip

s 
am

o
n

g variab
les fo

r fre
q

u
e

n
t an

d
 

regu
lar o

ccu
rrin

g even
ts.  

 
D

evelo
p

 a m
o

d
el u

sin
g an

 an
alo

gy, 
exam

p
le, o

r ab
stract 

rep
re

sen
tatio

n
 to

 d
escrib

e a 
scien

tific p
rin

cip
le o

r d
e

sign
 

so
lu

tio
n

.  

 
D

evelo
p

 an
d

/o
r u

se m
o

d
e

ls to
 

d
escrib

e an
d

/o
r p

red
ict 

p
h

e
n

o
m

en
a.  

 

 
D

evelo
p

 o
r m

o
d

ify a m
o

d
el—

b
ased

 o
n

 evid
en

ce – to
 

m
atch

 w
h

at h
ap

p
en

s if a variab
le

 o
r co

m
p

o
n

en
t o

f a 
system

 is ch
an

ged
.  

 
U

se an
d

/o
r d

evelo
p

 a m
o

d
el o

f sim
p

le system
s w

ith
 

u
n

certain
 an

d
 less p

re
d

ictab
le facto

rs.  

 
D

evelo
p

 an
d

/o
r revise a m

o
d

e
l to

 sh
o

w
 th

e 
relatio

n
sh

ip
s am

o
n

g variab
les, in

clu
d

in
g th

o
se th

at 
are n

o
t o

b
servab

le b
u

t p
red

ict o
b

servab
le 

p
h

e
n

o
m

en
a.  

 
D

evelo
p

 an
d

/o
r u

se a m
o

d
el to

 p
red

ict an
d

/o
r 

d
escrib

e p
h

en
o

m
e

n
a.  

 
D

evelo
p

 a m
o

d
el to

 d
e

scrib
e u

n
o

b
servab

le 
m

ech
an

ism
s.  

 

 
D

evelo
p

, revise, an
d

/o
r u

se a m
o

d
el b

ased
 o

n
 

evid
e

n
ce to

 illu
strate an

d
/o

r p
re

d
ict th

e 
relatio

n
sh

ip
s b

etw
e

en
 system

s o
r b

etw
een

 
co

m
p

o
n

en
ts o

f a system
.  

 
D

evelo
p

 an
d

/o
r u

se m
u

ltip
le typ

e
s o

f m
o

d
els to

 
p

ro
vid

e m
ech

an
istic acco

u
n

ts an
d

/o
r p

red
ict 

p
h

e
n

o
m

en
a, an

d
 m

o
ve fle

xib
ly b

etw
een

 m
o

d
el 

typ
es b

ased
 o

n
 m

erits an
d

 lim
itatio

n
s.  

 

 
D

evelo
p

 a sim
p

le m
o

d
el b

ase
d

 o
n

 
evid

e
n

ce to
 rep

rese
n

t a p
ro

p
o

se
d

 
o

b
ject o

r to
o

l.  
 

 
D

evelo
p

 a d
iagram

 o
r sim

p
le 

p
h

ysical p
ro

to
typ

e to
 co

n
vey a 

p
ro

p
o

sed
 o

b
ject, to

o
l, o

r p
ro

cess.  

 
U

se a m
o

d
el to

 test cau
se an

d
 

effect relatio
n

sh
ip

s o
r in

teractio
n

s 
co

n
cern

in
g th

e fu
n

ctio
n

in
g o

f a 
n

atu
ral o

r d
esign

ed
 system

.  
 

 
D

evelo
p

 an
d

/o
r u

se a m
o

d
el to

 gen
erate d

ata to
 test 

id
eas ab

o
u

t p
h

en
o

m
en

a in
 n

atu
ral o

r d
esign

ed
 

system
s, in

clu
d

in
g th

o
se re

p
re

se
n

tin
g in

p
u

ts an
d

 
o

u
tp

u
ts, an

d
 th

o
se at u

n
o

b
servab

le scale
s.  

 

 
D

evelo
p

 a co
m

p
lex m

o
d

e
l th

at allo
w

s fo
r 

m
an

ip
u

latio
n

 an
d

 testin
g o

f a p
ro

p
o

sed
 p

ro
cess o

r 
system

.  

 
D

evelo
p

 an
d

/o
r u

se a m
o

d
el (in

clu
d

in
g 

m
ath

em
atical an

d
 co

m
p

u
tatio

n
al) to

 gen
erate d

ata 
to

 su
p

p
o

rt e
xp

lan
atio

n
s, p

red
ict p

h
e

n
o

m
en

a, 
an

alyze system
s, an

d
/o

r so
lve p

ro
b

lem
s.  

 
 D
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

P
lan

n
in

g an
d

 C
arryin

g 
O

u
t In

ve
stigatio

n
s

  

Scien
tists an

d
 e

n
gin

eers p
lan

 an
d

 carry o
u

t in
vestigatio

n
s in

 th
e fie

ld
 o

r lab
o

rato
ry, w

o
rkin

g co
llab

o
ratively as w

ell as in
d

ivid
u

ally.  
Th

eir in
ve

stigatio
n

s are system
atic an

d
 req

u
ire clarifyin

g w
h

at co
u

n
ts as d

ata an
d

 id
en

tifyin
g variab

les o
r p

aram
eters.  

En
gin

e
erin

g in
ve

stigatio
n

s id
en

tify th
e effective

n
ess, efficien

cy, an
d

 d
u

rab
ility o

f d
e

sign
s u

n
d

er d
ifferen

t co
n

d
itio

n
s.  

 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–5

 C
o

n
d

e
n

se
d

 P
ractice

s  
6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

P
lan

n
in

g an
d

 carryin
g o

u
t in

vestigatio
n

s 
to

 an
sw

er q
u

e
stio

n
s o

r test so
lu

tio
n

s to
 

p
ro

b
lem

s in
 K

–2
 b

u
ild

s o
n

 p
rio

r 
exp

erie
n

ces an
d

 p
ro

gresses to
 sim

p
le 

in
vestigatio

n
s, b

ased
 o

n
 fair tests, w

h
ich

 
p

ro
vid

e d
ata to

 su
p

p
o

rt exp
lan

atio
n

s o
r 

d
esign

 so
lu

tio
n

s.  

P
lan

n
in

g an
d

 carryin
g o

u
t in

vestigatio
n

s 
to

 an
sw

er q
u

e
stio

n
s o

r test so
lu

tio
n

s to
 

p
ro

b
lem

s in
 3

–5
 b

u
ild

s o
n

 K
–2

 
exp

erie
n

ces an
d

 p
ro

gresses to
 in

clu
d

e 
in

vestigatio
n

s th
at co

n
tro

l variab
les an

d
 

p
ro

vid
e evid

en
ce to

 su
p

p
o

rt 
exp

lan
atio

n
s o

r d
esign

 so
lu

tio
n

s.  

P
lan

n
in

g an
d

 carryin
g o

u
t in

vestigatio
n

s 
in

 6
-8

 b
u

ild
s o

n
 K

-5
 exp

erien
ces an

d
 

p
ro

gresses to
 in

clu
d

e in
ve

stigatio
n

s th
at 

u
se m

u
ltip

le variab
les an

d
 p

ro
vid

e 
evid

e
n

ce to
 su

p
p

o
rt exp

lan
atio

n
s o

r 
so

lu
tio

n
s.  

P
lan

n
in

g an
d

 carryin
g o

u
t in

vestigatio
n

s in
 9

-1
2

 b
u

ild
s o

n
 K

-8
 

exp
erie

n
ces an

d
 p

ro
gresses to

 in
clu

d
e in

vestigatio
n

s th
at 

p
ro

vid
e evid

en
ce fo

r an
d

 test co
n

cep
tu

al, m
ath

em
atical, 

p
h

ysical, an
d

 em
p

irical m
o

d
els.  

 
W

ith
 gu

id
an

ce, p
lan

 an
d

 co
n

d
u

ct an
 

in
vestigatio

n
 in

 co
llab

o
ratio

n
 w

ith
 

p
eers (fo

r K
).  

 
P

lan
 an

d
 co

n
d

u
ct an

 in
ve

stigatio
n

 
co

llab
o

ratively to
 p

ro
d

u
ce d

ata to
 

serve as th
e b

asis fo
r evid

en
ce to

 
an

sw
er a q

u
estio

n
.  

 

 
P

lan
 an

d
 co

n
d

u
ct an

 in
ve

stigatio
n

 
co

llab
o

ratively to
 p

ro
d

u
ce d

ata to
 

serve as th
e b

asis fo
r evid

en
ce, u

sin
g 

fair tests in
 w

h
ich

 variab
le

s are 
co

n
tro

lled
 an

d
 th

e n
u

m
b

er o
f trials 

co
n

sid
ere

d
.  

 

 
P

lan
 an

 in
ve

stigatio
n

 in
d

ivid
u

ally an
d

 
co

llab
o

ratively, an
d

 in
 th

e d
esign

: 
id

en
tify in

d
ep

en
d

en
t an

d
 d

ep
e

n
d

en
t 

variab
les an

d
 co

n
tro

ls, w
h

at to
o

ls are 
n

eed
ed

 to
 d

o
 th

e gath
erin

g, h
o

w
 

m
easu

rem
en

ts w
ill b

e reco
rd

ed
, an

d
 

h
o

w
 m

an
y d

ata are n
ee

d
e

d
 to

 su
p

p
o

rt 
a claim

.  

 
C

o
n

d
u

ct an
 in

vestigatio
n

 an
d

/o
r 

evalu
ate an

d
/o

r revise th
e 

exp
erim

e
n

tal d
e

sign
 to

 p
ro

d
u

ce d
ata 

to
 serve as th

e b
asis fo

r evid
e

n
ce

 th
at 

m
eet th

e go
als o

f th
e in

vestigatio
n

.  
 

 
P

lan
 an

 in
ve

stigatio
n

 o
r test a d

e
sign

 in
d

ivid
u

ally an
d

 
co

llab
o

ratively to
 p

ro
d

u
ce d

ata to
 serve as th

e b
asis fo

r 
evid

e
n

ce as p
art o

f b
u

ild
in

g an
d

 revisin
g m

o
d

els, su
p

p
o

rtin
g 

exp
lan

atio
n

s fo
r p

h
en

o
m

e
n

a, o
r testin

g so
lu

tio
n

s to
 

p
ro

b
lem

s. C
o

n
sid

e
r p

o
ssib

le variab
les o

r effects an
d

 
evalu

ate th
e co

n
fo

u
n

d
in

g in
vestigatio

n
’s d

e
sign

 to
 en

su
re 

variab
les are co

n
tro

lled
.  

 
P

lan
 an

d
 co

n
d

u
ct an

 in
ve

stigatio
n

 in
d

ivid
u

ally an
d

 
co

llab
o

ratively to
 p

ro
d

u
ce d

ata to
 serve as th

e b
asis fo

r 
evid

e
n

ce, an
d

 in
 th

e d
esign

: d
ecid

e o
n

 typ
e

s, h
o

w
 m

u
ch

, 
an

d
 accu

racy o
f d

ata n
eed

ed
 to

 p
ro

d
u

ce reliab
le 

m
easu

rem
en

ts an
d

 co
n

sid
er lim

itatio
n

s o
n

 th
e p

recisio
n

 o
f 

th
e d

ata (e.g., n
u

m
b

er o
f trials, co

st, risk, tim
e), an

d
 refin

e 
th

e d
esign

 acco
rd

in
gly.  

 
P

lan
 an

d
 co

n
d

u
ct an

 in
ve

stigatio
n

 o
r test a d

e
sign

 so
lu

tio
n

 
in

 a safe an
d

 eth
ical m

an
n

e
r in

clu
d

in
g co

n
sid

eratio
n

s o
f 

en
viro

n
m

e
n

tal, so
cial, an

d
 p

erso
n

al im
p

acts.  

 
Evalu

ate d
ifferen

t w
ays o

f o
b

servin
g 

an
d

/o
r m

easu
rin

g a p
h

e
n

o
m

en
o

n
 to

 
d

eterm
in

e w
h

ich
 w

ay can
 an

sw
er a 

q
u

estio
n

.  

 
Evalu

ate ap
p

ro
p

riate m
eth

o
d

s an
d

/o
r 

to
o

ls fo
r co

llectin
g d

ata.  
 

 
Evalu

ate th
e accu

racy o
f vario

u
s 

m
eth

o
d

s fo
r co

llectin
g d

ata.  
 

 
Select ap

p
ro

p
riate to

o
ls to

 co
llect, reco

rd
, an

alyze, an
d

 
evalu

ate d
ata.  

 

 
M

ake o
b

servatio
n

s (firsth
an

d
 o

r fro
m

 
m

ed
ia) an

d
/o

r m
easu

rem
e

n
ts to

 
co

llect d
ata th

at can
 b

e u
se

d
 to

 m
ake 

co
m

p
ariso

n
s.  

 
M

ake o
b

servatio
n

s (firsth
an

d
 o

r fro
m

 
m

ed
ia) an

d
/o

r m
easu

rem
e

n
ts o

f a 
p

ro
p

o
sed

 o
b

ject o
r to

o
l o

r so
lu

tio
n

 to
 

d
eterm

in
e if it so

lves a p
ro

b
lem

 o
r 

m
eets a go

al.  

 
M

ake p
re

d
ictio

n
s b

ase
d

 o
n

 p
rio

r 
exp

erie
n

ces.  

 
M

ake o
b

servatio
n

s an
d

/o
r 

m
easu

rem
en

ts to
 p

ro
d

u
ce d

ata to
 

serve as th
e b

asis fo
r evid

en
ce fo

r an
 

exp
lan

atio
n

 o
f a p

h
e

n
o

m
en

o
n

 o
r test 

a d
esign

 so
lu

tio
n

.  

 
M

ake p
re

d
ictio

n
s ab

o
u

t w
h

at w
o

u
ld

 
h

ap
p

e
n

 if a variab
le ch

an
ges.  

 
Test tw

o
 d

ifferen
t m

o
d

e
ls o

f th
e sam

e 
p

ro
p

o
sed

 o
b

ject, to
o

l, o
r p

ro
cess to

 
d

eterm
in

e w
h

ich
 b

etter m
ee

ts criteria 
fo

r su
ccess.  

 
C

o
llect d

ata to
 p

ro
d

u
ce d

ata to
 serve 

as th
e b

asis fo
r evid

en
ce to

 an
sw

er 
scien

tific q
u

e
stio

n
s o

r te
st d

e
sign

 
so

lu
tio

n
s u

n
d

er a ran
ge o

f co
n

d
itio

n
s.  

 
C

o
llect d

ata ab
o

u
t th

e p
erfo

rm
an

ce o
f 

a p
ro

p
o

sed
 o

b
ject, to

o
l, p

ro
cess, o

r 
system

 u
n

d
e

r a ran
ge o

f co
n

d
itio

n
s.  

 

 
M

ake d
irectio

n
al h

yp
o

th
ese

s th
at sp

ecify w
h

at h
ap

p
e

n
s to

 a 
d

ep
e

n
d

en
t variab

le w
h

e
n

 an
 in

d
e

p
en

d
en

t variab
le is 

m
an

ip
u

lated
.  

 
M

an
ip

u
late variab

les an
d

 co
llect d

ata ab
o

u
t a co

m
p

lex 
m

o
d

el o
f a p

ro
p

o
sed

 p
ro

cess o
r system

 to
 id

e
n

tify failu
re 

p
o

in
ts o

r im
p

ro
ve p

erfo
rm

an
ce relative to

 criteria fo
r 

su
ccess o

r o
th

er variab
le

s.  
 

 D
eveloped by N

S
TA

 using inform
ation from

 A
ppendix F of the N

e
x
t G

e
n
e
ra

tio
n
 S

c
ie

n
c
e
 S

ta
n
d
a
rd
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

A
n

alyzin
g an

d
 

In
terp

re
tin

g D
ata

  

Scien
tific in

vestigatio
n

s p
ro

d
u

ce d
ata th

at m
u

st b
e an

alyzed
 in

 o
rd

er to
 d

erive m
ean

in
g. B

ecau
se d

ata p
attern

s an
d

 tren
d

s are n
o

t alw
ays o

b
vio

u
s, 

scien
tists u

se a ran
ge o

f to
o

ls—
in

clu
d

in
g tab

u
latio

n
, grap

h
ical in

terp
re

tatio
n

, visu
alizatio

n
, an

d
 statistical an

alysis—
to

 id
en

tify th
e sign

ifican
t 

featu
res an

d
 p

attern
s in

 th
e d

ata. Scien
tists id

en
tify so

u
rces o

f erro
r in

 th
e in

vestigatio
n

s an
d

 calcu
late th

e d
egree o

f certain
ty in

 th
e resu

lts. M
o

d
ern

 
tech

n
o

lo
gy m

akes th
e co

llectio
n

 o
f large d

ata sets m
u

ch
 easier, p

ro
vid

in
g seco

n
d

ary so
u

rces fo
r an

alysis. En
gin

eerin
g in

vestigatio
n

s in
clu

d
e an

alysis 
o

f d
ata co

llected
 in

 th
e tests o

f d
esign

s. Th
is allo

w
s co

m
p

ariso
n

 o
f d

ifferen
t so

lu
tio

n
s an

d
 d

eterm
in

es h
o

w
 w

ell each
 m

eets sp
ecific d

esign
 criteria

—
th

at is, w
h

ich
 d

esign
 b

est so
lves th

e p
ro

b
lem

 w
ith

in
 given

 co
n

strain
ts. Like scien

tists, en
gin

eers req
u

ire a ran
ge o

f to
o

ls to
 id

en
tify p

attern
s w

ith
in

 
d

ata an
d

 in
terp

ret th
e resu

lts. A
d

van
ces in

 scien
ce m

ake an
alysis o

f p
ro

p
o

sed
 so

lu
tio

n
s m

o
re efficien

t an
d

 effective. 
 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–

5 C
o

n
d

en
se

d
 P

ractice
s  

6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

A
n

alyzin
g d

ata in
 K

–2
 b

u
ild

s o
n

 
p

rio
r exp

erien
ces an

d
 p

ro
gresses 

to
 co

llectin
g, reco

rd
in

g, an
d

 
sh

arin
g o

b
servatio

n
s.  

A
n

alyzin
g d

ata in
 3

–5
 b

u
ild

s o
n

 K
–2

 
exp

erie
n

ces an
d

 p
ro

gresses to
 in

tro
d

u
cin

g 
q

u
an

titative ap
p

ro
ach

es to
 co

llectin
g d

ata an
d

 
co

n
d

u
ctin

g m
u

ltip
le trials o

f q
u

alitative 
o

b
servatio

n
s. W

h
en

 p
o

ssib
le an

d
 feasib

le, 
d

igital to
o

ls sh
o

u
ld

 b
e u

se
d

.  

A
n

alyzin
g d

ata in
 6

–8
 b

u
ild

s o
n

 K
–5

 exp
erien

ces 
an

d
 p

ro
gresses to

 exten
d

in
g q

u
an

titative an
alysis 

to
 in

vestigatio
n

s, d
istin

gu
ish

in
g b

etw
een

 
co

rrelatio
n

 an
d

 cau
satio

n
, an

d
 b

asic statistical 
tech

n
iq

u
e

s o
f d

ata an
d

 e
rro

r an
alysis.  

A
n

alyzin
g d

ata in
 9

–1
2

 b
u

ild
s o

n
 K

–8
 exp

erien
ces an

d
 

p
ro

gresses to
 in

tro
d

u
cin

g m
o

re d
etaile

d
 statistical 

an
alysis, th

e co
m

p
ariso

n
 o

f d
ata sets fo

r co
n

sisten
cy, 

an
d

 th
e u

se o
f m

o
d

els to
 gen

erate an
d

 an
alyze d

ata.  

 
R

eco
rd

 in
fo

rm
atio

n
 

(o
b

servatio
n

s, th
o

u
gh

ts, an
d

 
id

eas).  

 
U

se an
d

 sh
are p

ictu
res, 

d
raw

in
gs, an

d
/o

r w
ritin

gs o
f 

o
b

servatio
n

s.  

 
U

se o
b

se
rvatio

n
s (firsth

an
d

 o
r 

fro
m

 m
ed

ia) to
 d

escrib
e 

p
attern

s an
d

/o
r relatio

n
sh

ip
s 

in
 th

e n
atu

ral an
d

 d
esign

ed
 

w
o

rld
(s) in

 o
rd

er to
 an

sw
er 

scien
tific q

u
e

stio
n

s an
d

 so
lve 

p
ro

b
lem

s.  

 
C

o
m

p
are p

re
d

ictio
n

s (b
ased

 o
n

 
p

rio
r exp

erien
ces) to

 w
h

at 
o

ccu
rred

 (o
b

servab
le eve

n
ts).  

 
R

ep
resen

t d
ata in

 tab
les an

d
/o

r vario
u

s 
grap

h
ical d

isp
lays (b

ar grap
h

s, p
icto

grap
h

s, 
an

d
/o

r p
ie ch

arts) to
 reveal p

atte
rn

s th
at 

in
d

icate relatio
n

sh
ip

s.  
 

 
C

o
n

stru
ct, an

alyze, an
d

/o
r in

terp
ret grap

h
ical 

d
isp

lays o
f d

ata an
d

/o
r large d

ata sets to
 

id
en

tify lin
ear an

d
 n

o
n

lin
ear re

latio
n

sh
ip

s.  

 
U

se grap
h

ical d
isp

lays (e.g., m
ap

s, ch
arts, 

grap
h

s, an
d

/o
r tab

les) o
f large d

ata sets to
 

id
en

tify tem
p

o
ral an

d
 sp

atial re
latio

n
sh

ip
s.  

 
D

istin
gu

ish
 b

etw
ee

n
 cau

sal an
d

 co
rrelatio

n
al 

relatio
n

sh
ip

s in
 d

ata.  

 
A

n
alyze an

d
 in

terp
ret d

ata to
 p

ro
vid

e evid
en

ce 
fo

r p
h

en
o

m
en

a.  

 
A

n
alyze d

ata u
sin

g to
o

ls, tech
n

o
lo

gies, an
d

/o
r 

m
o

d
els (e.g., co

m
p

u
tatio

n
al, m

ath
em

atical) in
 o

rd
e

r 
to

 m
ake valid

 an
d

 reliab
le scie

n
tific claim

s o
r 

d
eterm

in
e an

 o
p

tim
al d

e
sign

 so
lu

tio
n

.  
 

 
A

n
alyze an

d
 in

terp
ret d

ata to
 m

ake sen
se o

f 
p

h
e

n
o

m
en

a, u
sin

g lo
gical reaso

n
in

g, 
m

ath
em

atics, an
d

/o
r co

m
p

u
tatio

n
.  

 

 
A

p
p

ly co
n

cep
ts o

f statistics an
d

 p
ro

b
ab

ility 
(in

clu
d

in
g m

ean
, m

ed
ian

, m
o

d
e, an

d
 

variab
ility) to

 an
alyze an

d
 ch

aracterize d
ata, 

u
sin

g d
igital to

o
ls w

h
en

 feasib
le.  

 
A

p
p

ly co
n

cep
ts o

f statistics an
d

 p
ro

b
ab

ility (in
clu

d
in

g 
d

eterm
in

in
g fu

n
ctio

n
 fits to

 d
ata, slo

p
e, in

tercep
t, 

an
d

 co
rrelatio

n
 co

efficien
t fo

r lin
ear fits) to

 scien
tific 

an
d

 en
gin

eerin
g q

u
estio

n
s an

d
 p

ro
b

lem
s, u

sin
g 

d
igital to

o
ls w

h
e

n
 feasib

le.  

 
 

 
C

o
n

sid
er lim

itatio
n

s o
f d

ata an
alysis (e.g., 

m
easu

rem
en

t e
rro

r), an
d

/o
r seek to

 im
p

ro
ve 

p
recisio

n
 an

d
 accu

racy o
f d

ata w
ith

 b
etter 

tech
n

o
lo

gical to
o

ls an
d

 m
eth

o
d

s (e.g., m
u

ltip
le 

trials).  

 
C

o
n

sid
er lim

itatio
n

s o
f d

ata an
alysis (e.g., 

m
easu

rem
en

t e
rro

r, sam
p

le sele
ctio

n
) w

h
en

 
an

alyzin
g an

d
 in

terp
retin

g d
ata.  

 

 
 

d
iffere

n
t gro

u
p

s in
 o

rd
er to

 d
iscu

ss 
sim

ilarities an
d

 d
ifferen

ce
s in

 th
e

ir fin
d

in
gs.  

 
A

n
alyze an

d
 in

terp
ret d

ata to
 d

e
term

in
e 

sim
ilarities an

d
 d

ifferen
ce

s in
 fin

d
in

gs.  
 

 
C

o
m

p
are an

d
 co

n
trast vario

u
s typ

es o
f d

ata se
ts 

(e.g., self-ge
n

erated
, arch

ival) to
 exam

in
e 

co
n

sisten
cy o

f m
easu

rem
en

ts an
d

 o
b

servatio
n

s.  

 
A

n
alyze d

ata fro
m

 tests o
f an

 
o

b
ject o

r to
o

l to
 d

eterm
in

e if it 
w

o
rks as in

ten
d

e
d

.  
 

 
A

n
alyze d

ata to
 refin

e a p
ro

b
lem

 statem
en

t 
o

r th
e d

e
sign

 o
f a p

ro
p

o
se

d
 o

b
ject, to

o
l, o

r 
p

ro
cess.  

 
U

se d
ata to

 evalu
ate an

d
 refin

e d
esign

 
so

lu
tio

n
s.  

 

 
A

n
alyze d

ata to
 d

efin
e an

 o
p

tim
al o

p
eratio

n
al 

ran
ge fo

r a p
ro

p
o

se
d

 o
b

ject, to
o

l, p
ro

cess o
r 

system
 th

at b
e

st m
eets criteria fo

r su
ccess.  

 

 
Evalu

ate th
e im

p
act o

f n
ew

 d
ata o

n
 a w

o
rkin

g 
exp

lan
atio

n
 an

d
/o

r m
o

d
el o

f a p
ro

p
o

sed
 p

ro
cess o

r 
system

.  

 
A

n
alyze d

ata to
 id

en
tify d

esign
 fe

atu
res o

r 
ch

aracteristics o
f th

e co
m

p
o

n
en

ts o
f a p

ro
p

o
sed

 
p

ro
cess o

r system
 to

 o
p

tim
ize it relative to

 criteria 
fo

r su
ccess.  

 D
eveloped by N

S
TA

 using inform
ation from

 A
ppendix F of the N

e
x
t G

e
n
e
ra

tio
n
 S

c
ie

n
c
e
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ta
n
d
a
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

U
sin

g M
ath

e
m

atics an
d

 
C

o
m

p
u

tatio
n

al 
Th

in
kin

g
  

In
 b

o
th

 scien
ce an

d
 en

gin
eerin

g, m
ath

em
atics an

d
 co

m
p

u
tatio

n
 are fu

n
d

am
en

tal to
o

ls fo
r rep

resen
tin

g p
h

ysical variab
les an

d
 

th
eir relatio

n
sh

ip
s. Th

ey are u
sed

 fo
r a ran

ge o
f tasks su

ch
 as co

n
stru

ctin
g sim

u
latio

n
s; so

lvin
g eq

u
atio

n
s exactly o

r 
ap

p
ro

xim
ately; an

d
 reco

gn
izin

g, exp
ressin

g, an
d

 ap
p

lyin
g q

u
an

titative relatio
n

sh
ip

s.  
M

ath
em

atical an
d

 co
m

p
u

tatio
n

al ap
p

ro
ach

es en
ab

le scien
tists an

d
 en

gin
e

ers to
 p

red
ict th

e b
eh

avio
r o

f syste
m

s an
d

 test th
e 

valid
ity o

f su
ch

 p
red

ictio
n

s.  

 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–

5
 C

o
n

d
e

n
sed

 P
ractice

s  
6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

M
ath

em
atical an

d
 co

m
p

u
tatio

n
al 

th
in

kin
g in

 K
–2

 b
u

ild
s o

n
 p

rio
r 

exp
erie

n
ce an

d
 p

ro
gre

sse
s to

 
reco

gn
izin

g th
at m

ath
em

atics can
 b

e 
u

sed
 to

 d
escrib

e th
e n

atu
ral an

d
 

d
esign

e
d

 w
o

rld
(s).  

M
ath

em
atical an

d
 co

m
p

u
tatio

n
al 

th
in

kin
g in

 3
–5

 b
u

ild
s o

n
 K

–2
 

exp
erie

n
ces an

d
 p

ro
gresses to

 
exte

n
d

in
g q

u
an

titative m
easu

re
m

en
ts 

to
 a variety o

f p
h

ysical p
ro

p
e

rtie
s an

d
 

u
sin

g co
m

p
u

tatio
n

 an
d

 m
ath

em
atics 

to
 an

alyze d
ata an

d
 co

m
p

are 
altern

ative d
e

sign
 so

lu
tio

n
s.  

M
ath

em
atical an

d
 co

m
p

u
tatio

n
al th

in
kin

g in
 6

–8
 b

u
ild

s 
o

n
 K

–5
 exp

erie
n

ces an
d

 p
ro

gresses to
 id

e
n

tifyin
g 

p
attern

s in
 large d

ata sets an
d

 u
sin

g m
ath

em
atical 

co
n

cep
ts to

 su
p

p
o

rt exp
lan

atio
n

s an
d

 argu
m

en
ts.  

M
ath

em
atical an

d
 co

m
p

u
tatio

n
al th

in
kin

g in
 9

-1
2

 
b

u
ild

s o
n

 K
-8

 an
d

 exp
erien

ces an
d

 p
ro

gre
sse

s to
 u

sin
g 

algeb
raic th

in
kin

g an
d

 an
alysis, a ran

ge o
f lin

ear an
d

 
n

o
n

lin
ear fu

n
ctio

n
s in

clu
d

in
g trigo

n
o

m
etric fu

n
ctio

n
s, 

exp
o

n
e

n
tials an

d
 lo

garith
m

s, an
d

 co
m

p
u

tatio
n

al to
o

ls 
fo

r statistical an
alysis to

 an
alyze, rep

re
sen

t, an
d

 m
o

d
el 

d
ata. Sim

p
le co

m
p

u
tatio

n
al sim

u
latio

n
s are create

d
 

an
d

 u
sed

 b
ase

d
 o

n
 m

ath
em

atical m
o

d
els o

f b
asic 

assu
m

p
tio

n
s.  

 
 

 
D

ecid
e w

h
e

n
 to

 u
se q

u
alitative vs. q

u
an

titative d
ata.  

 
D

ecid
e if q

u
alitative o

r q
u

an
titative d

ata are b
est to

 
d

eterm
in

e w
h

e
th

er a p
ro

p
o

sed
 o

b
ject o

r to
o

l m
eets 

criteria fo
r su

ccess.  
 

 
U

se co
u

n
tin

g an
d

 n
u

m
b

ers to
 

id
en

tify an
d

 d
escrib

e p
attern

s in
 

th
e n

atu
ral an

d
 d

e
sign

ed
 w

o
rld

(s).  
 

 
O

rgan
ize sim

p
le d

ata sets to
 reve

al 
p

attern
s th

at su
ggest relatio

n
sh

ip
s.  

 

 
U

se d
igital to

o
ls (e.g., co

m
p

u
ters) to

 an
alyze very 

large d
ata sets fo

r p
attern

s an
d

 tren
d

s.  
 

C
reate an

d
/o

r revise a co
m

p
u

tatio
n

al m
o

d
el o

r 
sim

u
latio

n
 o

f a p
h

en
o

m
en

o
n

, d
esign

e
d

 d
evice, 

p
ro

cess, o
r system

.  
 

 
D

escrib
e, m

easu
re, an

d
/o

r 
co

m
p

are q
u

an
titative attrib

u
tes o

f 
d

iffere
n

t o
b

jects an
d

 d
isp

lay th
e 

d
ata u

sin
g sim

p
le grap

h
s.  

 

 
D

escrib
e, m

easu
re, estim

ate, 
an

d
/o

r grap
h

 q
u

an
tities su

ch
 as 

area, vo
lu

m
e, w

eigh
t, an

d
 tim

e to
 

ad
d

re
ss scie

n
tific an

d
 en

gin
eerin

g 
q

u
estio

n
s an

d
 p

ro
b

lem
s.  

 

 
U

se m
ath

em
atical rep

rese
n

tatio
n

s to
 d

escrib
e 

an
d

/o
r su

p
p

o
rt scie

n
tific co

n
clu

sio
n

s an
d

 d
esign

 
so

lu
tio

n
s.  

 

 
U

se m
ath

em
atical, co

m
p

u
tatio

n
al, an

d
/o

r 
algo

rith
m

ic re
p

resen
tatio

n
s o

f p
h

en
o

m
en

a o
r 

d
esign

 so
lu

tio
n

s to
 d

e
scrib

e an
d

/o
r su

p
p

o
rt claim

s 
an

d
/o

r exp
lan

atio
n

s.  
 

 
U

se q
u

an
titative d

ata to
 co

m
p

are 
tw

o
 altern

ative so
lu

tio
n

s to
 a 

p
ro

b
lem

.  
 

 
C

reate an
d

/o
r u

se grap
h

s an
d

/o
r 

ch
arts ge

n
erate

d
 fro

m
 sim

p
le 

algo
rith

m
s to

 co
m

p
are altern

ative 
so

lu
tio

n
s to

 an
 e

n
gin

eerin
g 

p
ro

b
lem

.  
 

 
C

reate algo
rith

m
s (a series o

f o
rd

ered
 step

s) to
 

so
lve a p

ro
b

lem
.  

 
A

p
p

ly m
ath

em
atical co

n
cep

ts an
d

/o
r p

ro
cesse

s 
(su

ch
 as ratio

, rate, p
ercen

t, b
asic o

p
eratio

n
s, an

d
 

sim
p

le alge
b

ra) to
 scien

tific an
d

 e
n

gin
eerin

g 
q

u
estio

n
s an

d
 p

ro
b

lem
s.  

 
U

se d
igital to

o
ls an

d
/o

r m
ath

em
atical co

n
cep

ts an
d

 
argu

m
en

ts to
 test an

d
 co

m
p

are p
ro

p
o

sed
 so

lu
tio

n
s 

to
 an

 en
gin

eerin
g d

esign
 p

ro
b

le
m

.  

 
A

p
p

ly tech
n

iq
u

es o
f alge

b
ra an

d
 fu

n
ctio

n
s to

 
rep

re
sen

t an
d

 so
lve scien

tific an
d

 en
gin

eerin
g 

p
ro

b
lem

s.  

 
U

se sim
p

le lim
it cases to

 te
st m

ath
em

atical 
exp

ressio
n

s, co
m

p
u

ter p
ro

gram
s, algo

rith
m

s, o
r 

sim
u

latio
n

s o
f a p

ro
cess o

r syste
m

 to
 see if a m

o
d

el 
“m

akes sen
se” b

y co
m

p
arin

g th
e o

u
tco

m
es w

ith
 

w
h

at is kn
o

w
n

 ab
o

u
t th

e real w
o

rld
.  

 
A

p
p

ly ratio
s, rates, p

ercen
tages, an

d
 u

n
it 

co
n

versio
n

s in
 th

e co
n

te
xt o

f co
m

p
licated

 
m

easu
rem

en
t p

ro
b

lem
s in

vo
lvin

g q
u

an
tities w

ith
 

d
erive

d
 o

r co
m

p
o

u
n

d
 u

n
its (su

ch
 as m

g/m
L, kg/m

3
, 

acre-feet, etc.).  
 

 D
eveloped by N

S
TA

 using inform
ation from

 A
ppendix F of the N

e
x
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e
n
e
ra

tio
n
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

C
o

n
stru

ctin
g 

Exp
lan

atio
n

s an
d

 
D

e
sign

in
g So

lu
tio

n
s

  

Th
e en

d
-p

ro
d

u
cts o

f scien
ce are

 exp
lan

atio
n

s an
d

 th
e en

d
-p

ro
d

u
cts o

f en
gin

e
erin

g are so
lu

tio
n

s. Th
e go

al o
f scien

ce is th
e 

co
n

stru
ctio

n
 o

f th
eo

rie
s th

at p
ro

vid
e exp

lan
ato

ry acco
u

n
ts o

f th
e w

o
rld

. A
 th

eo
ry b

eco
m

es accep
ted

 w
h

en
 it h

as m
u

ltip
le 

lin
es o

f em
p

irical e
vid

en
ce an

d
 greater exp

lan
ato

ry p
o

w
er o

f p
h

en
o

m
en

a th
an

 p
revio

u
s th

eo
ries. Th

e go
al o

f en
gin

e
erin

g 
d

esign
 is to

 fin
d

 a syste
m

atic so
lu

tio
n

 to
 p

ro
b

lem
s th

at is b
ased

 o
n

 scien
tific kn

o
w

led
ge an

d
 m

o
d

els o
f th

e m
aterial w

o
rld

. 
Each

 p
ro

p
o

sed
 so

lu
tio

n
 resu

lts fro
m

 a p
ro

cess o
f b

alan
cin

g co
m

p
etin

g criteria o
f d

e
sired

 fu
n

ctio
n

s, tech
n

ical feasib
ility, co

st, 
safety, ae

sth
etics, an

d
 co

m
p

lian
ce w

ith
 legal req

u
ire

m
en

ts. Th
e o

p
tim

al ch
o

ice d
ep

en
d

s o
n

 h
o

w
 w

ell th
e p

ro
p

o
sed

 so
lu

tio
n

s 
m

e
et criteria an

d
 co

n
strain

ts.  
 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–

5
 C

o
n

d
e

n
sed

 P
ractice

s  
6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

C
o

n
stru

ctin
g exp

lan
atio

n
s an

d
 

d
esign

in
g so

lu
tio

n
s in

 K
–2

 b
u

ild
s o

n
 

p
rio

r exp
erien

ces an
d

 p
ro

gresses to
 

th
e u

se o
f evid

e
n

ce an
d

 id
eas in

 
co

n
stru

ctin
g evid

en
ce

-b
ased

 acco
u

n
ts 

o
f n

atu
ral p

h
en

o
m

en
a an

d
 d

esign
in

g 
so

lu
tio

n
s.  

C
o

n
stru

ctin
g exp

lan
atio

n
s an

d
 

d
esign

in
g so

lu
tio

n
s in

 3
–5

 b
u

ild
s o

n
 

K
–2

 exp
erien

ces an
d

 p
ro

gresses to
 

th
e u

se o
f evid

e
n

ce in
 co

n
stru

ctin
g 

exp
lan

atio
n

s th
at sp

ecify variab
le

s 
th

at d
e

scrib
e an

d
 p

red
ict p

h
e

n
o

m
en

a 
an

d
 in

 d
esign

in
g m

u
ltip

le so
lu

tio
n

s to
 

d
esign

 p
ro

b
lem

s.  

C
o

n
stru

ctin
g exp

lan
atio

n
s an

d
 d

e
sign

in
g so

lu
tio

n
s in

 6
–

8
 b

u
ild

s o
n

 K
–5

 e
xp

erie
n

ces an
d

 p
ro

gresses to
 in

clu
d

e 
co

n
stru

ctin
g exp

lan
atio

n
s an

d
 d

e
sign

in
g so

lu
tio

n
s 

su
p

p
o

rted
 b

y m
u

ltip
le so

u
rces o

f evid
e

n
ce co

n
sisten

t 
w

ith
 scien

tific id
eas, p

rin
cip

le
s, an

d
 th

eo
ries.  

C
o

n
stru

ctin
g exp

lan
atio

n
s an

d
 d

e
sign

in
g so

lu
tio

n
s in

 9
–

1
2

 b
u

ild
s o

n
 K

–8
 e

xp
erie

n
ces an

d
 p

ro
gresses to

 
exp

lan
atio

n
s an

d
 d

esign
s th

at are
 su

p
p

o
rted

 b
y 

m
u

ltip
le an

d
 in

d
ep

en
d

en
t stu

d
en

t-gen
e

rated
 so

u
rces 

o
f evid

en
ce co

n
sisten

t w
ith

 scie
n

tific id
eas, p

rin
cip

les, 
an

d
 th

eo
ries.  

 
U

se in
fo

rm
atio

n
 fro

m
 o

b
servatio

n
s 

(firsth
an

d
 an

d
 fro

m
 m

ed
ia) to

 
co

n
stru

ct an
 evid

en
ce

-b
ase

d
 

acco
u

n
t fo

r n
atu

ral p
h

en
o

m
en

a.  
 

 
C

o
n

stru
ct an

 e
xp

lan
atio

n
 o

f 
o

b
served

 relatio
n

sh
ip

s (e.g., th
e 

d
istrib

u
tio

n
 o

f p
lan

ts in
 th

e b
ack 

yard
).  

 

 
C

o
n

stru
ct an

 e
xp

lan
atio

n
 th

at in
clu

d
e

s q
u

alitative o
r 

q
u

an
titative relatio

n
sh

ip
s b

etw
e

en
 variab

les th
at 

p
red

ict(s) an
d

/o
r d

e
scrib

e(s) p
h

e
n

o
m

en
a.  

 
C

o
n

stru
ct an

 e
xp

lan
atio

n
 u

sin
g m

o
d

els o
r 

rep
re

sen
tatio

n
s. 

 
M

ake a q
u

an
titative an

d
/o

r q
u

alitative claim
 

regard
in

g th
e re

latio
n

sh
ip

 b
etw

e
en

 d
e

p
e

n
d

e
n

t an
d

 
in

d
e

p
en

d
e

n
t variab

les.  
 

 
 

U
se evid

en
ce (e.g., m

easu
rem

en
ts, 

o
b

servatio
n

s, p
attern

s) to
 

co
n

stru
ct o

r su
p

p
o

rt an
 

exp
lan

atio
n

 o
r d

e
sign

 a so
lu

tio
n

 to
 

a p
ro

b
lem

.  
 

 
C

o
n

stru
ct a scie

n
tific e

xp
lan

atio
n

 b
ased

 o
n

 valid
 an

d
 

reliab
le evid

en
ce o

b
tain

e
d

 fro
m

 so
u

rces (in
clu

d
in

g 
th

e stu
d

e
n

ts’ o
w

n
 exp

erim
en

ts) an
d

 th
e assu

m
p

tio
n

 
th

at th
eo

ries an
d

 law
s th

at d
escrib

e th
e n

atu
ral 

w
o

rld
 o

p
erate to

d
ay as th

ey d
id

 in
 th

e p
ast an

d
 w

ill 
co

n
tin

u
e to

 d
o

 so
 in

 th
e fu

tu
re.  

 
A

p
p

ly scien
tific id

eas, p
rin

cip
le

s, an
d

/o
r evid

en
ce to

 
co

n
stru

ct, revise an
d

/o
r u

se an
 e

xp
lan

atio
n

 fo
r real-

w
o

rld
 p

h
en

o
m

e
n

a, exam
p

les, o
r even

ts.  
 

 
C

o
n

stru
ct an

d
 revise an

 e
xp

lan
atio

n
 b

ased
 o

n
 valid

 
an

d
 reliab

le evid
en

ce o
b

tain
ed

 fro
m

 a variety o
f 

so
u

rces (in
clu

d
in

g stu
d

e
n

ts’ o
w

n
 in

vestigatio
n

s, 
m

o
d

els, th
eo

ries, sim
u

latio
n

s, p
e

er review
) an

d
 th

e 
assu

m
p

tio
n

 th
at th

eo
rie

s an
d

 law
s th

at d
escrib

e th
e 

n
atu

ral w
o

rld
 o

p
erate to

d
ay as th

ey d
id

 in
 th

e p
ast 

an
d

 w
ill co

n
tin

u
e to

 d
o

 so
 in

 th
e fu

tu
re.  

 
A

p
p

ly scien
tific id

eas, p
rin

cip
le

s, an
d

/o
r evid

en
ce to

 
p

ro
vid

e an
 e

xp
lan

atio
n

 o
f p

h
en

o
m

en
a an

d
 so

lve 
d

esign
 p

ro
b

lem
s, takin

g in
to

 acco
u

n
t p

o
ssib

le 
u

n
an

ticip
ate

d
 effects.  

 
 

Id
en

tify th
e evid

e
n

ce th
at su

p
p

o
rts 

p
articu

lar p
o

in
ts in

 an
 e

xp
lan

atio
n

.  
 

 
A

p
p

ly scien
tific reaso

n
in

g to
 sh

o
w

 w
h

y th
e d

ata o
r 

evid
e

n
ce is ad

eq
u

ate fo
r th

e exp
lan

atio
n

 o
r 

co
n

clu
sio

n
.  

 

 
A

p
p

ly scien
tific reaso

n
in

g, th
eo

ry, an
d

/o
r m

o
d

els to
 

lin
k evid

en
ce to

 th
e claim

s to
 assess th

e e
xten

t to
 

w
h

ich
 th

e reaso
n

in
g an

d
 d

ata su
p

p
o

rt th
e 

exp
lan

atio
n

 o
r co

n
clu

sio
n

.  

 
U

se to
o

ls an
d

/o
r m

aterials to
 

d
esign

 an
d

/o
r b

u
ild

 a d
evice th

at 
so

lves a sp
ecific p

ro
b

lem
 o

r a 
so

lu
tio

n
 to

 a sp
ecific p

ro
b

lem
.  

 
G

en
e

rate an
d

/o
r co

m
p

are m
u

ltip
le 

so
lu

tio
n

s to
 a p

ro
b

lem
.  

 

 
A

p
p

ly scien
tific id

eas to
 so

lve 
d

esign
 p

ro
b

lem
s.  

 
G

en
e

rate an
d

 co
m

p
are m

u
ltip

le 
so

lu
tio

n
s to

 a p
ro

b
lem

 b
ased

 o
n

 
h

o
w

 w
ell th

ey m
eet th

e criteria 
an

d
 co

n
strain

ts o
f th

e d
esign

 
so

lu
tio

n
.  

 

 
A

p
p

ly scien
tific id

eas o
r p

rin
cip

le
s to

 d
esign

, 
co

n
stru

ct, an
d

/o
r test a d

esign
 o

f an
 o

b
ject, to

o
l, 

p
ro

cess o
r system

.  

 
U

n
d

ertake a d
e

sign
 p

ro
ject, en

gagin
g in

 th
e d

e
sign

 
cycle, to

 co
n

stru
ct an

d
/o

r im
p

le
m

en
t a so

lu
tio

n
 th

at 
m

eets sp
ecific d

e
sign

 criteria an
d

 co
n

strain
ts.  

 
O

p
tim

ize p
erfo

rm
an

ce o
f a d

e
sign

 b
y p

rio
ritizin

g 
criteria, m

akin
g trad

eo
ffs, testin

g, revisin
g, an

d
 re

-
testin

g.  

 
D

esign
, evalu

ate, an
d

/o
r refin

e a so
lu

tio
n

 to
 a 

co
m

p
lex real-w

o
rld

 p
ro

b
lem

, b
ased

 o
n

 scie
n

tific 
kn

o
w

led
ge, stu

d
en

t-gen
e

rated
 so

u
rces o

f e
vid

en
ce, 

p
rio

ritized
 criteria, an

d
 trad

eo
ff co

n
sid

eratio
n

s.  
 

 D
eveloped by N

S
TA

 using inform
ation from

 A
ppendix F of the N

e
x
t G

e
n
e
ra

tio
n
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c
ie

n
c
e
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ta
n
d
a
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

En
gagin

g in
 A

rgu
m

en
t 

fro
m

 Evid
en

ce
  

A
rgu

m
en

tatio
n

 is th
e p

ro
cess b

y w
h

ich
 evid

en
ce

-b
ased

 co
n

clu
sio

n
s an

d
 so

lu
tio

n
s are reach

ed
. In

 scien
ce an

d
 en

gin
eerin

g, 
reaso

n
in

g an
d

 argu
m

en
t b

ase
d

 o
n

 evid
en

ce are essen
tial to

 id
en

tifyin
g th

e b
est exp

lan
atio

n
 fo

r a n
atu

ral p
h

en
o

m
en

o
n

 o
r th

e 
b

est so
lu

tio
n

 to
 a d

esign
 p

ro
b

lem
. Scien

tists an
d

 en
gin

e
ers u

se argu
m

en
tatio

n
 to

 listen
 to

, co
m

p
are, an

d
 evalu

ate co
m

p
etin

g 
id

eas an
d

 m
eth

o
d

s b
ased

 o
n

 m
erits. Scien

tists an
d

 en
gin

ee
rs en

gage in
 argu

m
en

tatio
n

 w
h

en
 in

vestigatin
g a p

h
en

o
m

e
n

o
n

, 
testin

g a d
esign

 so
lu

tio
n

, reso
lvin

g q
u

estio
n

s ab
o

u
t m

easu
rem

en
ts, b

u
ild

in
g d

ata m
o

d
els, an

d
 u

sin
g evid

en
ce to

 evalu
ate claim

s. 
 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–

5 C
o

n
d

en
se

d
 P

ractice
s  

6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

En
gagin

g in
 argu

m
en

t fro
m

 evid
e

n
ce in

 K
–

2
 b

u
ild

s o
n

 p
rio

r exp
erie

n
ces an

d
 

p
ro

gresses to
 co

m
p

arin
g id

eas an
d

 
rep

re
sen

tatio
n

s ab
o

u
t th

e n
atu

ral an
d

 
d

esign
e

d
 w

o
rld

(s).  

En
gagin

g in
 argu

m
en

t fro
m

 evid
e

n
ce in

 
3

–5
 b

u
ild

s o
n

 K
–2

 exp
erien

ces an
d

 
p

ro
gresses to

 critiq
u

in
g th

e scie
n

tific 
exp

lan
atio

n
s o

r so
lu

tio
n

s p
ro

p
o

sed
 b

y 
p

eers b
y citin

g relevan
t evid

e
n

ce ab
o

u
t 

th
e n

atu
ral an

d
 d

e
sign

ed
 w

o
rld

(s).  

En
gagin

g in
 argu

m
en

t fro
m

 evid
e

n
ce in

 6
–8

 
b

u
ild

s o
n

 K
–5

 e
xp

erie
n

ces an
d

 p
ro

gresse
s to

 
co

n
stru

ctin
g a co

n
vin

cin
g argu

m
en

t th
at 

su
p

p
o

rts o
r refu

tes claim
s fo

r eith
er 

exp
lan

atio
n

s o
r so

lu
tio

n
s ab

o
u

t th
e n

atu
ral 

an
d

 d
e

sign
ed

 w
o

rld
(s).  

En
gagin

g in
 argu

m
en

t fro
m

 evid
e

n
ce in

 9
–1

2
 b

u
ild

s o
n

 K
–

8
 exp

erie
n

ces an
d

 p
ro

gresses to
 u

sin
g ap

p
ro

p
riate an

d
 

su
fficien

t evid
en

ce an
d

 scie
n

tific reaso
n

in
g to

 d
efe

n
d

 an
d

 
critiq

u
e claim

s an
d

 exp
lan

atio
n

s ab
o

u
t th

e n
atu

ral an
d

 
d

esign
e

d
 w

o
rld

(s). A
rgu

m
en

ts m
ay also

 co
m

e fro
m

 
cu

rren
t scien

tific o
r h

isto
rical e

p
iso

d
es in

 scien
ce.  

 
Id

en
tify argu

m
e

n
ts th

at are su
p

p
o

rted
 

b
y evid

e
n

ce.  

 
D

istin
gu

ish
 b

etw
ee

n
 exp

lan
atio

n
s th

at 
acco

u
n

t fo
r all gath

ere
d

 evid
en

ce
 an

d
 

th
o

se th
at d

o
 n

o
t.  

 
A

n
alyze w

h
y so

m
e evid

en
ce is re

levan
t 

to
 a scien

tific q
u

estio
n

 an
d

 so
m

e is n
o

t.  

 
D

istin
gu

ish
 b

etw
ee

n
 o

p
in

io
n

s an
d

 
evid

e
n

ce in
 o

n
e’s o

w
n

 e
xp

lan
atio

n
s.  

 

 
C

o
m

p
are an

d
 refin

e argu
m

e
n

ts 
b

ased
 o

n
 an

 evalu
atio

n
 o

f th
e 

evid
e

n
ce p

re
sen

ted
.  

 
D

istin
gu

ish
 am

o
n

g facts, reaso
n

e
d

 
ju

d
gm

e
n

t b
ased

 o
n

 research
 

fin
d

in
gs, an

d
 sp

ecu
latio

n
 in

 an
 

exp
lan

atio
n

.  
 

 
C

o
m

p
are an

d
 critiq

u
e tw

o
 argu

m
en

ts o
n

 
th

e sam
e to

p
ic an

d
 an

alyze w
h

eth
er th

ey 
em

p
h

asize sim
ilar o

r d
iffere

n
t evid

en
ce 

an
d

/o
r in

te
rp

re
tatio

n
s o

f facts.  
 

 
C

o
m

p
are an

d
 evalu

ate co
m

p
etin

g argu
m

e
n

ts o
r d

esign
 

so
lu

tio
n

s in
 ligh

t o
f cu

rren
tly accep

te
d

 exp
lan

atio
n

s, 
n

ew
 evid

e
n

ce, lim
itatio

n
s (e.g., trad

e
-o

ffs), co
n

strain
ts, 

an
d

 eth
ical issu

e
s.  

 
Evalu

ate th
e claim

s, evid
e

n
ce, an

d
/o

r reaso
n

in
g b

e
h

in
d

 
cu

rren
tly accep

ted
 exp

lan
atio

n
s o

r so
lu

tio
n

s to
 

d
eterm

in
e th

e m
erits o

f argu
m

e
n

ts.  
 

 
Listen

 actively to
 argu

m
en

ts to
 in

d
icate 

agreem
e

n
t o

r d
isagreem

en
t b

ase
d

 o
n

 
evid

e
n

ce, an
d

/o
r to

 retell th
e m

ain
 

p
o

in
ts o

f th
e argu

m
e

n
t.  

 

 
 R

esp
ectfu

lly p
ro

vid
e an

d
 receive

 
critiq

u
es fro

m
 p

ee
rs ab

o
u

t a 
p

ro
p

o
sed

 p
ro

ced
u

re, exp
lan

atio
n

 o
r 

m
o

d
el.b

y citin
g relevan

t evid
en

ce 
an

d
 p

o
sin

g sp
ecific q

u
estio

n
s.  

 

 
R

esp
ectfu

lly p
ro

vid
e an

d
 receive critiq

u
es 

ab
o

u
t o

n
e’s exp

lan
atio

n
s, p

ro
ced

u
res, 

m
o

d
els an

d
 q

u
estio

n
s b

y citin
g re

levan
t 

evid
e

n
ce an

d
 p

o
sin

g an
d

 resp
o

n
d

in
g to

 
q

u
estio

n
s th

at elicit p
ertin

e
n

t elab
o

ratio
n

 
an

d
 d

e
tail.  

 

 
 R

esp
ectfu

lly p
ro

vid
e an

d
/o

r rece
ive critiq

u
es o

n
 

scien
tific argu

m
e

n
ts b

y p
ro

b
in

g reaso
n

in
g an

d
 evid

e
n

ce 
an

d
 ch

alle
n

gin
g id

eas an
d

 co
n

clu
sio

n
s, resp

o
n

d
in

g 
th

o
u

gh
tfu

lly to
 d

ive
rse p

ersp
ectives, an

d
 d

eterm
in

in
g 

w
h

at ad
d

itio
n

al in
fo

rm
atio

n
 is re

q
u

ire
d

 to
 reso

lve 
co

n
trad

ictio
n

s.  
 

 
C

o
n

stru
ct an

 argu
m

en
t w

ith
 evid

en
ce 

to
 su

p
p

o
rt a claim

.  
 

 
C

o
n

stru
ct an

d
/o

r su
p

p
o

rt an
 

argu
m

en
t w

ith
 evid

en
ce, d

ata, 
an

d
/o

r a m
o

d
el.  

 
cau

se an
d

 effect.  
 

 
C

o
n

stru
ct, u

se, an
d

/o
r p

re
se

n
t an

 o
ral an

d
 

w
ritten

 argu
m

en
t su

p
p

o
rte

d
 b

y e
m

p
irical 

evid
e

n
ce an

d
 scien

tific reaso
n

in
g to

 
su

p
p

o
rt o

r refu
te an

 exp
lan

atio
n

 o
r a 

m
o

d
el fo

r a p
h

en
o

m
e

n
o

n
 o

r a so
lu

tio
n

 to
 a 

p
ro

b
lem

.  
 

 
C

o
n

stru
ct, u

se, an
d

/o
r p

re
se

n
t an

 o
ral an

d
 w

ritte
n

 
argu

m
en

t o
r co

u
n

ter-argu
m

en
ts b

ased
 o

n
 d

ata an
d

 
evid

e
n

ce.  
 

 
M

ake a claim
 ab

o
u

t th
e effective

n
ess o

f 
an

 o
b

ject, to
o

l, o
r so

lu
tio

n
 th

at is 
su

p
p

o
rted

 b
y relevan

t evid
en

ce.  
 

 
M

ake a claim
 ab

o
u

t th
e m

erit o
f a 

so
lu

tio
n

 to
 a p

ro
b

lem
 b

y citin
g 

relevan
t evid

e
n

ce ab
o

u
t h

o
w

 it 
m

eets th
e criteria an

d
 co

n
strain

ts o
f 

th
e p

ro
b

lem
.  

 

 
M

ake an
 o

ral o
r w

ritten
 argu

m
e

n
t th

at 
su

p
p

o
rts o

r refu
tes th

e ad
vertise

d
 

p
erfo

rm
an

ce o
f a d

evice, p
ro

cess, o
r 

system
, b

ased
 o

n
 em

p
irical evid

e
n

ce 
co

n
cern

in
g w

h
e

th
er o

r n
o

t th
e te

ch
n

o
lo

gy 
m

eets re
levan

t criteria an
d

 co
n

strain
ts.  

 
Evalu

ate co
m

p
etin

g d
esign

 so
lu

tio
n

s b
ase

d
 

o
n

 jo
in

tly d
evelo

p
ed

 an
d

 agre
ed

-u
p

o
n

 
d

esign
 crite

ria.  

 
M

ake an
d

 d
efen

d
 a claim

 b
ased

 o
n

 evid
en

ce ab
o

u
t th

e 
n

atu
ral w

o
rld

 o
r th

e effective
n

ess o
f a d

esign
 so

lu
tio

n
 

th
at reflects scie

n
tific kn

o
w

led
ge

, an
d

 stu
d

en
t-

gen
e

rated
 evid

e
n

ce.  

 
Evalu

ate co
m

p
etin

g d
esign

 so
lu

tio
n

s to
 a real-w

o
rld

 
p

ro
b

lem
 b

ased
 o

n
 scien

tific id
eas an

d
 p

rin
cip

les, 
em

p
irical evid

e
n

ce, an
d

/o
r lo

gical argu
m

e
n

ts re
gard

in
g 

relevan
t facto

rs (e.g. eco
n

o
m

ic, so
cietal, 

en
viro

n
m

e
n

tal, eth
ical co

n
sid

eratio
n

s).  
 D

eveloped by N
S

TA
 using inform

ation from
 A

ppendix F of the N
e
x
t G

e
n
e
ra

tio
n
 S

c
ie

n
c
e
 S

ta
n
d
a
rd

s ©
 2011, 2012, 2013 Achieve, Inc. 
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Scie
n

ce
 &

 En
gin

e
e

rin
g P

ractice
s  

O
b

tain
in

g, Evalu
atin

g, 
an

d
 C

o
m

m
u

n
icatin

g 
In

fo
rm

atio
n

  

Scien
tists an

d
 en

gin
e

ers m
u

st b
e ab

le to
 co

m
m

u
n

icate clearly an
d

 p
ersu

asively th
e id

eas an
d

 m
eth

o
d

s th
ey gen

erate. 
C

ritiq
u

in
g an

d
 co

m
m

u
n

icatin
g id

eas in
d

ivid
u

ally an
d

 in
 gro

u
p

s is a critical p
ro

fessio
n

al activity. C
o

m
m

u
n

icatin
g in

fo
rm

atio
n

 
an

d
 id

eas can
 b

e d
o

n
e in

 m
u

ltip
le w

ays: u
sin

g tab
les, d

iagram
s, grap

h
s, m

o
d

els, an
d

 eq
u

atio
n

s as w
ell as o

rally, in
 w

ritin
g, 

an
d

 th
ro

u
gh

 exten
d

ed
 d

iscu
ssio

n
s. Scien

tists an
d

 en
gin

e
ers em

p
lo

y m
u

ltip
le so

u
rce

s to
 o

b
tain

 in
fo

rm
atio

n
 th

at is u
sed

 to
 

evalu
ate th

e m
erit an

d
 valid

ity o
f claim

s, m
eth

o
d

s, an
d

 d
esign

s. 
 K
–

2
 C

o
n

d
en

se
d

 P
ractice

s  
3
–

5
 C

o
n

d
e

n
sed

 P
ractice

s  
6
–8

 C
o

n
d

e
n

se
d

 P
ractice

s  
9
–12

 C
o

n
d

en
sed

 P
ractices  

O
b

tain
in

g, evalu
atin

g, an
d

 
co

m
m

u
n

icatin
g in

fo
rm

atio
n

 in
 K

–
2

 
b

u
ild

s o
n

 p
rio

r exp
erien

ces an
d

 u
ses 

o
b

servatio
n

s an
d

 te
xts to

 
co

m
m

u
n

icate n
ew

 in
fo

rm
atio

n
.  

O
b

tain
in

g, evalu
atin

g, an
d

 co
m

m
u

n
icatin

g 
in

fo
rm

atio
n

 in
 3

–5
 b

u
ild

s o
n

 K
–2

 exp
erie

n
ces 

an
d

 p
ro

gresses to
 evalu

atin
g th

e m
erit an

d
 

accu
racy o

f id
eas an

d
 m

eth
o

d
s.  

O
b

tain
in

g, evalu
atin

g, an
d

 co
m

m
u

n
icatin

g 
in

fo
rm

atio
n

 in
 6

–8
 b

u
ild

s o
n

 K
–5

 exp
erie

n
ces 

an
d

 p
ro

gresses to
 evalu

atin
g th

e m
erit an

d
 

valid
ity o

f id
eas an

d
 m

e
th

o
d

s.  

O
b

tain
in

g, evalu
atin

g, an
d

 co
m

m
u

n
icatin

g in
fo

rm
atio

n
 

in
 9

–1
2

 b
u

ild
s o

n
 K

–8
 e

xp
erie

n
ce

s an
d

 p
ro

gresses to
 

evalu
atin

g th
e valid

ity an
d

 reliab
ility o

f th
e claim

s, 
m

eth
o

d
s, an

d
 d

esign
s.  

 
R

ead
 grad

e-ap
p

ro
p

riate te
xts 

an
d

/o
r u

se m
ed

ia to
 o

b
tain

 
scien

tific an
d

/o
r tech

n
ical 

in
fo

rm
atio

n
 to

 d
eterm

in
e p

attern
s 

in
 an

d
/o

r evid
en

ce ab
o

u
t th

e 
n

atu
ral an

d
 d

esign
e

d
 w

o
rld

(s).  
 

 
R

ead
 an

d
 co

m
p

re
h

en
d

 grad
e

-ap
p

ro
p

riate 
co

m
p

lex texts an
d

/o
r o

th
er reliab

le m
e

d
ia 

to
 su

m
m

arize an
d

 o
b

tain
 scie

n
tific an

d
 

tech
n

ical id
eas an

d
 d

escrib
e h

o
w

 th
ey are 

su
p

p
o

rted
 b

y evid
en

ce.  

 
o

m
p

are an
d

/o
r co

m
b

in
e acro

ss co
m

p
lex 

texts an
d

/o
r o

th
er reliab

le m
e

d
ia to

 
su

p
p

o
rt th

e e
n

gagem
en

t in
 o

th
e

r scien
tific 

an
d

/o
r en

gin
e

erin
g p

ractice
s.  

 

 
C

ritically read
 scien

tific texts ad
ap

ted
 fo

r 
classro

o
m

 u
se to

 d
ete

rm
in

e th
e cen

tral id
eas 

an
d

/o
r o

b
tain

 scien
tific an

d
/o

r te
ch

n
ical 

in
fo

rm
atio

n
 to

 d
escrib

e p
attern

s in
 an

d
/o

r 
evid

e
n

ce ab
o

u
t th

e n
atu

ral an
d

 d
esign

ed
 

w
o

rld
(s).  

 

 
C

ritically read
 scien

tific lite
ratu

re
 ad

ap
ted

 fo
r 

classro
o

m
 u

se to
 d

ete
rm

in
e th

e cen
tral id

eas o
r 

co
n

clu
sio

n
s an

d
/o

r to
 o

b
tain

 scie
n

tific an
d

/o
r 

tech
n

ical in
fo

rm
atio

n
 to

 su
m

m
arize co

m
p

lex 
evid

e
n

ce, co
n

cep
ts, p

ro
cesses, o

r in
fo

rm
atio

n
 

p
resen

te
d

 in
 a text b

y p
arap

h
rasin

g th
em

 in
 sim

p
le

r 
b

u
t still accu

rate term
s.  

 

 
D

escrib
e h

o
w

 sp
ecific im

ages (e.g., 
a d

iagram
 sh

o
w

in
g h

o
w

 a m
ach

in
e 

w
o

rks) su
p

p
o

rt a scie
n

tific o
r 

en
gin

eerin
g id

ea.  
 

 
C

o
m

b
in

e in
fo

rm
atio

n
 in

 w
ritte

n
 text w

ith
 

th
at co

n
tain

e
d

 in
 co

rresp
o

n
d

in
g tab

le
s, 

d
iagram

s, an
d

/o
r ch

arts to
 su

p
p

o
rt th

e 
en

gagem
en

t in
 o

th
er scien

tific an
d

/o
r 

en
gin

eerin
g p

ractices.  
 

 
In

tegrate q
u

alitative an
d

/o
r q

u
an

titative 
scien

tific an
d

/o
r tech

n
ical in

fo
rm

atio
n

 in
 

w
ritten

 te
xt w

ith
 th

at co
n

tain
e

d
 in

 m
ed

ia 
an

d
 visu

al d
isp

lays to
 clarify claim

s an
d

 
fin

d
in

gs.  
 

 
C

o
m

p
are, in

tegrate an
d

 evalu
ate so

u
rces o

f 
in

fo
rm

atio
n

 p
re

sen
ted

 in
 d

iffe
ren

t m
ed

ia o
r fo

rm
ats 

(e.g., visu
ally, q

u
an

titatively) as w
ell as in

 w
o

rd
s in

 
o

rd
er to

 ad
d

re
ss a scie

n
tific q

u
estio

n
 o

r so
lve a 

p
ro

b
lem

.  
 

 
O

b
tain

 in
fo

rm
atio

n
 u

sin
g vario

u
s 

texts, text featu
re

s (e.g., h
ead

in
gs, 

tab
les o

f co
n

ten
ts, glo

ssaries, 
electro

n
ic m

en
u

s, ico
n

s), an
d

 o
th

er 
m

ed
ia th

at w
ill b

e u
sefu

l in
 

an
sw

erin
g a scie

n
tific q

u
estio

n
 

an
d

/o
r su

p
p

o
rtin

g a scie
n

tific 
claim

.  
 

 
O

b
tain

 an
d

 co
m

b
in

e in
fo

rm
atio

n
 fro

m
 

b
o

o
ks an

d
/o

r o
th

er reliab
le m

ed
ia to

 
exp

lain
 p

h
en

o
m

e
n

a o
r so

lu
tio

n
s to

 a 
d

esign
 p

ro
b

lem
.  

 

 
G

ath
er, read

, syn
th

esize in
fo

rm
atio

n
 fro

m
 

m
u

ltip
le ap

p
ro

p
riate so

u
rces an

d
 assess th

e 
cred

ib
ility, accu

racy, an
d

 p
o

ssib
le

 b
ias o

f 
each

 p
u

b
licatio

n
 an

d
 m

eth
o

d
s u

sed
, an

d
 

d
escrib

e h
o

w
 th

ey are su
p

p
o

rte
d

 o
r n

o
t 

su
p

p
o

rted
 b

y evid
en

ce.  

 
Evalu

ate d
ata, h

yp
o

th
ese

s, an
d

/o
r 

co
n

clu
sio

n
s in

 scien
tific an

d
 tech

n
ical texts in

 
ligh

t o
f co

m
p

etin
g in

fo
rm

atio
n

 o
r acco

u
n

ts.  
 

 
G

ath
er, read

, an
d

 evalu
ate scien

tific an
d

/o
r 

tech
n

ical in
fo

rm
atio

n
 fro

m
 m

u
ltip

le au
th

o
ritative 

so
u

rces, asse
ssin

g th
e evid

en
ce an

d
 u

sefu
ln

ess o
f 

each
 so

u
rce.  

 
Evalu

ate th
e valid

ity an
d

 reliab
ility o

f an
d

/o
r 

syn
th

esize m
u

ltip
le claim

s, m
eth

o
d

s, an
d

/o
r d

esign
s 

th
at ap

p
ear in

 scien
tific an

d
 tech

n
ical texts o

r m
ed

ia 
rep

o
rts, verifyin

g th
e d

ata w
h

e
n

 p
o

ssib
le.  

 

 
C

o
m

m
u

n
icate in

fo
rm

atio
n

 o
r 

d
esign

 id
eas an

d
/o

r so
lu

tio
n

s w
ith

 
o

th
ers in

 o
ral an

d
/o

r w
ritte

n
 fo

rm
s 

u
sin

g m
o

d
els, d

raw
in

gs, w
ritin

g, o
r 

n
u

m
b

e
rs th

at p
ro

vid
e d

etail ab
o

u
t 

scien
tific id

eas, p
ractices, an

d
/o

r 
d

esign
 id

eas.  

 
C

o
m

m
u

n
icate scien

tific an
d

/o
r te

ch
n

ical 
in

fo
rm

atio
n

 o
rally an

d
/o

r in
 w

ritten
 

fo
rm

ats, in
clu

d
in

g vario
u

s fo
rm

s o
f m

ed
ia 

an
d

 m
ay in

clu
d

e tab
les, d

iagram
s, an

d
 

ch
arts.  

 

 
 

 
in

fo
rm

atio
n

 (e.g. ab
o

u
t a p

ro
p

o
sed

 o
b

ject, 
to

o
l, p

ro
cess, system

) in
 w

ritin
g an

d
/o

r 
th

ro
u

gh
 o

ral p
resen

tatio
n

s.  
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4-PS3 Energy 
Students who demonstrate understanding can:  
4-PS3-1. Use evidence to construct an explanation relating the speed of an object to the energy of that object. 
[Assessment Boundary: Assessment does not include quantitative measures of changes in the speed of an object or on any precise or quantitative definition of 
energy.]  
4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by sound, 
light, heat, and electric currents. [Assessment Boundary: Assessment does not include quantitative measurements of energy.]  
4-PS3-3. Ask questions and predict outcomes about the changes in energy that occur when objects collide. 
[Clarification Statement: Emphasis is on the change in the energy due to the change in speed, not on the forces, as objects interact.] [Assessment Boundary: 
Assessment does not include quantitative measurements of energy.]  
4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to another.* 
[Clarification Statement: Examples of devices could include electric circuits that convert electrical energy into motion energy of a vehicle, light, or sound; and, a passive 
solar heater that converts light into heat. Examples of constraints could include the materials, cost, or time to design the device.] [Assessment Boundary: Devices 
should be limited to those that convert motion energy to electric energy or use stored energy to cause motion or produce light or sound.]  

 

SEP DCI CCC 
 Asking Questions and Defining Problems  
Asking questions and defining problems in grades 
3–5 builds on grades K–2 experiences and 
progresses to specifying qualitative relationships.  
 Ask questions that can be investigated and 
predict reasonable outcomes based on patterns 
such as cause and effect relationships. (4-PS3-3)  
Planning and Carrying Out Investigations  
Planning and carrying out investigations to answer 
questions or test solutions to problems in 3–5 
builds on K–2 experiences and progresses to 
include investigations that control variables and 
provide evidence to support explanations or design 
solutions.  
 Make observations to produce data to serve as 
the basis for evidence for an explanation of a 
phenomenon or test a design solution. (4-PS3-2)  
Constructing Explanations and Designing 
Solutions  
Constructing explanations and designing solutions 
in 3–5 builds on K–2 experiences and progresses 
to the use of evidence in constructing explanations 
that specify variables that describe and predict 
phenomena and in designing multiple solutions to 
design problems.  
 Use evidence (e.g., measurements, 
observations, patterns) to construct an 
explanation. (4-PS3-1)  
 Apply scientific ideas to solve design problems. 
(4-PS3-4)  
 

 

 PS3.A: Definitions of Energy  
 The faster a given object is moving, the more 
energy it possesses. (4-PS3-1)  
 Energy can be moved from place to place by 
moving objects or through sound, light, or electric 
currents. (4-PS3-2), (4-PS3-3)  
PS3.B: Conservation of Energy and Energy 
Transfer  
 Energy is present whenever there are moving 
objects, sound, light, or heat. When objects 
collide, energy can be transferred from one object 
to another, thereby changing their motion. In such 
collisions, some energy is typically also transferred 
to the surrounding air; as a result, the air gets 
heated and sound is produced. (4-PS3-2), (4-PS3-
3)  
 Light also transfers energy from place to place. 
(4-PS3-2)  
 Energy can also be transferred from place to 
place by electric currents, which can then be used 
locally to produce motion, sound, heat, or light. 
The currents may have been produced to begin 
with by transforming the energy of motion into 
electrical energy. (4-PS3-2), (4-PS3-4)  
PS3.C: Relationship Between Energy and 
Forces  
 When objects collide, the contact forces 
transfer energy so as to change the objects’ 
motions. (4-PS3-3)  
PS3.D: Energy in Chemical Processes and 
Everyday Life  
 The expression “produce energy” typically 
refers to the conversion of stored energy into a 
desired form for practical use. (4-PS3-4)  
ETS1.A: Defining Engineering Problems  
 Possible solutions to a problem are limited by 
available materials and resources (constraints). 
The success of a designed solution is determined 
by considering the desired features of a solution 
(criteria). Different proposals for solutions can be 
compared on the basis of how well each one 
meets the specified criteria for success or how well 
each takes the constraints into account. 
(secondary to 4-PS3-4)  

 

 Energy and Matter  
 Energy can be transferred in various ways and 
between objects. (4-PS3-1), (4-PS3-2), (4-PS3-3), 
(4-PS3-4)  
---------------------------------------------  
Connections to Engineering, Technology,  
and Applications of Science  
Influence of Science, Engineering and 
Technology on Society and the Natural 
World  
 Engineers improve existing technologies or 
develop new ones. (4-PS3-4)  
----------------------------------------------  
Connections to Nature of Science  
Science is a Human Endeavor  
 Most scientists and engineers work in teams. 
(4-PS3-4)  
 Science affects everyday life. (4-PS3-4)  
 

 

 Connections to other DCIs in fourth grade: N/A  
 

 Articulation of DCIs across grade-levels: K.PS2.B (4-PS3-3); K.ETS1.A (4-PS3-4); 2.ETS1.B (4-PS3-4); 3.PS2.A (4-PS3-3); 5.PS3.D (4-PS3-4); 5.LS1.C (4-PS3-4); 
MS.PS2.A (4-PS3-3); MS.PS2.B (4-PS3-2); MS.PS3.A (4-PS3-1), (4-PS3-2),(4-PS3-3), (4-PS3-4); MS.PS3.B (4-PS3-2), (4-PS3-3), (4-PS3-4); MS.PS3.C (4-PS3-3); 
MS.PS4.B (4-PS3-2); MS.ETS1.B (4-PS3-4); MS.ETS1.C (4-PS3-4)  

  Common Core State Standards Connections:  
ELA/Literacy –  
RI.4.1 Refer to details and examples in a text when explaining what the text says explicitly and when drawing inferences from the text. (4-PS3-1)  
RI.4.3 Explain events, procedures, ideas, or concepts in a historical, scientific, or technical text, including what happened and why, based on specific information in 
the text. (4-PS3-1)  
RI.4.9 Integrate information from two texts on the same topic in order to write or speak about the subject knowledgeably. (4-PS3-1)  
W.4.2 Write informative/explanatory texts to examine a topic and convey ideas and information clearly. (4-PS3-1)  
W.4.7 Conduct short research projects that build knowledge through investigation of different aspects of a topic. (4-PS3-2), (4-PS3-3), (4-PS3-4)  
W.4.8 Recall relevant information from experiences or gather relevant information from print and digital sources; take notes and categorize information, and provide a 
list of sources. (4-PS3-1), (4-PS3-2), (4-PS3-3), (4-PS3-4)  
W.4.9 Draw evidence from literary or informational texts to support analysis, reflection, and research. (4-PS3-1)  
Mathematics –  
4.OA.A.3 Solve multistep word problems posed with whole numbers and having whole-number answers using the four operations, including problems in which 
remainders must be interpreted. Represent these problems using equations with a letter standing for the unknown quantity. Assess the reasonableness of answers 
using mental computation and estimation strategies including rounding. (4-PS3-4) 
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Teacher A: Mr. Coles 
 

Background 
 

Mr. Coles teaches middle school science in a grade 6-8 building with a high English language learner 
population. His district has developed a K-12 scope and sequence and he uses the district pacing guide and 
recommended textbook to plan for instruction. Mr. Coles embraces his school's focus on using best practices. 
He posts the learning target at the front of the room for students every day. Last summer, he and his grade level 
team worked together to identify the five most important terms for each chapter as one strategy to help English 
language learners improve their achievement on standardized tests. This year, the school is focusing on the use 
of bell-ringer questions based on the state science test to improve the performance of all students on the test. 
 
Lesson 1 

On the first day of the new chapter, Mr. Coles started class with a "bell-ringer" question linked to the district's 
state test posted on the Smart Board. Students begin every new class this way. After quickly reviewing 
responses and the correct answer, students were asked to take out the five key vocabulary terms they had 
defined as part of their homework to get ready to start their new chapter on food webs. Students had defined 
the following terms: producer, consumer, decomposer, food web, and conservation of matter and energy. He 
reviewed the definitions with students and wrote the terms on the Word Wall that would be up throughout the 
new chapter. 

 

Mr. Coles introduced the chapter by lecturing and showing a short video about producers, consumer, and 
decomposers in various ecosystems. As he taught, he filled in the blanks on his lecture note outline on the 
Smart Board and students filled in blanks on the same outline. During the video, students took notes focused on 
a few key questions about the living and non-living components of the ecosystem as well as the producers, 
consumers, and decomposers they noted in the various ecosystems. After the video, they had a whole class 
discussion focused on the questions. During the discussion, Mr. Coles added the names of a few different 
ecosystems to the Word Wall including desert, savanna, grassland, fresh water aquatic, marine, forest 
(deciduous, rainforest, and coniferous), and tundra. He also added living components and nonliving components 
to the Word Wall along with some examples of each. At the end of class, Mr. Coles asked students to 
summarize what they had learned by talking with a partner and then individually writing an exit slip. Students 
were given homework to read and answer two "Connect Questions" from the chapter in their textbook. 
 
Lesson 2 

During the second class period, students studied food webs from the ecosystems they had seen in the video 
from the previous lesson. They labeled diagrams with the words: producer, consumer, and decomposer. Mr. 
Coles put up the same diagrams on the Smart Board and reviewed the correct answers and discussed how the 
food webs represented how matter cycles and energy flows through each ecosystem. Mr. Coles added matter 
cycles and energy flows to the Word Wall. At the end of class, Mr. Coles had students turn in their diagrams 
and assigned reading and questions from the next section in the textbook chapter. 

 
Lesson 3 
During the third class period, students observed photos of decomposition jars just after they were created and 
made observations of how the jars looked initially. The first jar was made of rocks and soil; the second was 
bread and cheese, the third included a variety of fruits and vegetables, and the fourth was leaves and grass. Then 
Mr. Coles showed students the decomposition jars after two to three weeks of time. Students discussed their 
observations of the decomposition jars, identified the organisms (bacteria and fungi) that are often responsible 
for decomposition, and discussed the role of decomposition in the cycling of matter in an ecosystem. He 
emphasized that decomposers return matter like carbon to the soil, the air, and aquatic environments to be used  

15



 
again by other organisms. Following the lab experience, Mr. Coles presented a short lecture about detritivores 
and that since matter is conserved, there are more organisms in the producers and decomposers categories and 
fewer organisms in the consumers category so that matter is conserved throughout the ecosystem. Students were 
assigned homework to complete a lab report due in two class periods that included a discussion of the role of 
decomposers in the cycling of matter in a food web. 

 
 

Lesson 4 
After the "bell-ringer'' question, the fourth class period continued with a focus on the flow of energy in an 
ecosystem. Mr. Coles wanted students to understand that ecosystems need a constant source of energy since 
energy is continually transferred into the environment as heat. He emphasized that the total amount of energy 
was conserved, but that it became less usable when it became heat. To help him make these points, students 
were shown several representations in video, on the computer, and in text to help them understand that energy 
flows one-way through an ecosystem. They also read a short selection describing the flow of energy. He added 
the words, heat, sun, and geothermal to the Word Wall. At the end of class, students worked on their lab report 
and then were assigned a worksheet about the flow of energy in an ecosystem. Students summarized what they 
had learned so far about ecosystems on an exit slip. They had to use some of the words on the Word Wall in 
their responses and underline the words. 

 
Lesson 5 
During the next class period, students were assigned different ecosystems and worked together to identify the 
living and nonliving components of the ecosystem, to describe the common producers, consumers, and 
decomposers found in the ecosystem, and to describe how matter cycled and energy flowed through their 
ecosystem. They were told they would present their diagrams to the whole class during the next class period as 
part of a review for the chapter test. Their diagrams had to be sent to Mr. Coles so he could display them on the 
Smart Board and all students in the small group had to participate in their presentation. The requirements for 
the presentation were given to students on a checklist. 

 
 

Lesson  6  
After the "bell-ringer" for the sixth class period, students presented their ecosystems to one another and were 
given a review sheet for the chapter test. They were told that the test would include 30 multiple choice 
questions and five constructed response questions. They spent the last few minutes of class asking questions of 
Mr. Coles about what would be on the test. 

 
Lesson 7 
During the final class period, students took a paper and pencil chapter test. Their homework assignment for the 
next chapter was posted on the Smart Board and included five new key vocabulary terms. 
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Teacher B: Ms. Rivera 
 

Background 
 

Ms. Rivera teaches middle school science in a 6-8 building with a high English language learner population. 
The district she teaches in works to provide all science teachers with the supports and resources they need to 
teach science effectively. Her school is focused on the implementation and use of teaching practices that 
support increased learning and achievement for all students. She and her colleagues share planning time 
throughout the week where they focus on the concepts and science and engineering practices they intend for 
students to develop through their lessons. 

 
 

Lesson 1 
Ms. Rivera started her new science topic by having students think about the ideas they learned in the previous 
sequence of lessons and reflecting on the overarching questions of the unit, how do the living and nonliving 
parts of the environment interact with each other? What factors influence these interactions? She asked students 
to share their responses with au elbow partner. She asked each partner group to think about the completeness of 
their answers and what more information they might need to the answer the overarching unit questions more 
fully. Ms. Rivera then asked students to form small groups and she distributed video clips of various ecosystems 
on the class set of iPads. She asked each group to choose one image or video and identify the living and non-
living components of the ecosystem and describe the type of interactions between them. When students 
completed the activity, Mrs. Rivera asked students to report out on the type of interactions they described. Many 
of the interactions the students described among the living components focused on getting the food needed to 
survive. Ms. Rivera then asked them to tum to a partner and discuss the key question, What is it about food that 
makes it essential for life? When students finished their discussion, she asked that a representative from each 
table group go to the whiteboard and write their response to the key question. Ms. Rivera then facilitated a 
discussion where students identified that food is essential to all life as it contains both energy and matter. 
Before the bell rang, Ms. Rivera told students that as they move to lesson 2, they will focus on how matter and 
energy are transferred in ecosystems and one way in which scientists represent the transfer. 

 
 

Lesson 2a 
To begin Lesson 2, Ms. Rivera asked students to construct a simple food chain involving some food they ate last 
night. She then asked them to find a partner to explore various food webs to identify the components of the 
system as well their similarities and differences. As students studied the food webs, Ms. Rivera moved from 
group to group and asked questions such as: I ) What do you notice is similar in all the food webs?, 2) What do 
you notice about the direction of all the arrows?, 3) Where is the matter going?, and 4) What is happening to the 
energy? Students determined that all the food webs have plants that are eaten by smaller animals with an example 
of a large carnivore/predator and fungi and/or bacteria as decomposers. Ms. Rivera recognized the common 
student idea that herbivores are small animals and carnivores are large animals. She will make sure 
that students have a chance to revisit that idea later in her instructional sequence. After this experience, students 
applied the ideas of producers, consumers, and decomposers to one of the food webs and shared their results 
with a group of two students seated near them. At the end of the class period, Ms. Rivera acknowledged that the 
students have seen lots of examples of how organisms interact with each other and their environment to live, 
grow, and reproduce. She told students that this idea will be further explored during the next lesson. 

 
 

Lesson 2b 
At the beginning of the class period, Ms. Rivera indicated that today's lesson, like the previous lesson, would 
focus on food webs. However, in this lesson they would think about and develop a more sophisticated model for 
how matter and energy are transferred in ecosystems. She then had the students form groups of three and 
construct a food web. She handed out a set of cards with pictures of organisms and set of arrow cards (blue 
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arrows for matter and yellow arrows for energy) and asked students to create a model that showed how matter 
and energy are transferred from organism to organism. She then had them add ideas about interactions with 
nonliving components including water, soil, air, and energy from the sun. Once students completed their food 
web, Ms. Rivera wondered aloud with the class about the exactness of their models and if the same amount of 
matter and energy flows equally from organism to organism. She told students they would conduct an 
investigation about the interactions in an ecosystem, represented by the terraria and decomposition jars they 
constructed at the beginning of the ecosystem unit. They had been collecting mass and temperature data about 
their terraria and decompositions jars over the past few weeks. They would use findings from this investigation 
to inform and possibly revise the model they had just created. At the beginning of the investigation, students 
were asked to make a prediction concerning the number of plants and animals as well as the relative masses in 
the terrarium they would be studying. She asked the students to form investigation groups and handed out the 
investigation protocol. The investigation required students to identify all the components of the ecosystem and 
determine what aspects of the system they would measure. As a result, each group identified, counted, and took 
the mass of the living components. Students also made observations of the nonliving factors in the environment. 
At the end of class, Ms. Rivera told students that during the next class period they would analyze the data they 
just collected keeping in the mind that the goal was to use this information to develop a more sophisticated 
model of an ecosystem. 

 
 

Lesson 2c 
During the next class period, Ms. Rivera asked students to pool their data by entering it into a class spreadsheet. 
Once the spreadsheet was complete, Ms. Rivera asked students to create a bar graph in their notebooks that 
showed how the mass and numbers of the plants and animals from their studies compared. She also had them 
graph their mass and temperature data. She then asked students to use a strategy to help them make sense of the 
data, by first having students identify patterns in the data and then thinking about what it means and how it 
relates to their earlier predictions. Ms. Rivera asked students what they noticed about the data and what questions 
arose as a result of their observations. Students pointed out the fact that there were many more plants than 
arthropods. She asked students to come up with a tentative explanation in their notebooks that described why 
there are many more plants than animals in their samples. She asked them to consider how matter and energy 
transfer from organism to organism and that if all matter and energy is transferred how the various masses 
between the plants and animals might look different. At the close of the period Ms. Rivera told students that in the 
next class they will relate these results to the ecosystem models they constructed and think about how these 
results inform their current thinking of energy and matter transfer in ecosystems. 

 
 

Lesson 3 
To begin this lesson, Ms. Rivera asked students to find a partner and share their tentative explanations. Each 
partner shared her/his explanation and then asked for feedback from her/his partner. Once all students have shared 
and given feedback, they were instructed to consider the feedback they just received and revise their explanation 
accordingly. The students then completed a series of short readings to develop a more complete explanation of 
how matter and energy shape patterns in interactions between living and nonliving parts of ecosystems. The 
readings focused on energy transfer and how not all energy flows from one organism to the other, as a large 
portion is transferred to heat and cannot be passed on. Another reading focused on matter cycling, specifically 
carbon, within an ecosystem. After reading, Ms. Rivera asked students to go back to the ecosystem models they 
constructed during the last class period and revise them based on information from their investigations and 
readings. Ms. Rivera supported students in making connections among the different student ideas by asking 
questions that helped them to appropriately link science ideas together. She asked questions 
such as: I) What happens to matter as it cycles through the food web?, 2) What happens to energy as it flows 
through the food web?, 3) What are the interactions between the living and nonliving components of the 
ecosystem, and 3) In order for an ecosystem to function, why are there so many more plants (producers) than 
animals (consumers)? Toward the end of class, she picked three groups of students to share their models. She 
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asked the class to look for similarities and differences in models and posed questions. Her questions stimulated 
discussion and helped to resolve discrepancies that occurred in observations of the models and with the short 
passages they read earlier in the class. She then asked all students to think about how they would revise their 
models based on the discussion they just had. Before the bell rings, Ms. Rivera asked students to complete a 
quick-write in their notebooks to answer the question, Why do you think there were many more plants than 
animals in the ecosystem you studied yesterday? 

 

 
Lesson 4 
At the start of lesson 4, Ms. Rivera took students to the computer lab to work with an online learning platform 
that simulates the transfer of matter and energy in an ecosystem. She told students that this simulation would 
require them to apply what they learned in the last three class periods to investigate how changing factors in 
one population affect other species in a food web and how the factors could influence the ecosystem. The 
simulation focused specifically on how increasing or decreasing the amount of producers, consumers, or 
decomposers affects the overall health and function of the ecosystem. The simulation involved three organisms; 
grass, sheep, and wolves. Students were asked to predict what would happen to the other populations if one of 
the three is increased or decreased. Besides controlling the number of organisms present at any given time, 
students controlled other variables such as energy gain from food, reproductive rates, and growth rates. Students 
then tested their predictions. Ms. Rivera guided the use of the simulation and asked key questions such as: I) 
What patterns are you noticing when you compare the mass and numbers of organisms in different feeding 
relationships?, 2) What is happening to much of the energy at each level of the food chain?, 3) Why does an 
ecosystem need a constant source of energy coming into it?, 4) Why are decomposers so important in an 
ecosystem?, and 5) What do you think would happen to the soil in some of your simulations when all the grass 
was eaten? Students represented the data from the simulation in a table and described how reproductive rates 
and growth rates of one organism influenced the number of organisms of another type. At the end of class, 
Ms. Rivera told students that they would use the same knowledge and skills they applied to the construction of 
their model of an ecosystem and in the simulation to complete an assessment task during the next class period. 

 
Lesson 5 

 

Ms. Rivera welcomed students back to class and discussed the assessment task. She provided instructions for 
the task and reviewed the scoring rubric. Students then individually demonstrated their understanding of how 
matter and energy are transferred in ecosystems. Specifically, students constructed two models of ecosystems 
using provided data, represented both the living and nonliving components, and used arrows to represent the 
transfer of matter and energy between organisms, then used the models to describe interactions based on 
various scenarios. The purpose was to show how energy decreases when flowing through an ecosystem and 
needs a renewed supply from the sun and how matter is recycled by decomposers. Toward the end of class, 
when all students had completed the assessment, she asked the students to once again be thinking about the 
ideas they learned thus far in the unit and how they might answer the overarching unit questions differently 
now that they have completed this chapter. She asked student to share with the class how their thinking has 
changed as a result of learning about energy and matter transfer in ecosystems. 
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Formative	  Assessment	  
	  
Read	  each	  statement	  and	  circle	  the	  one	  that	  best	  describes	  force.	  
	  
A	  pull	  is	  different	  than	  a	  force.	  
	  
A	  pull	  is	  a	  force	  and	  a	  push	  is	  something	  else.	  
	  
A	  force	  is	  either	  a	  push	  or	  a	  pull.	  
	  
Pushes	  and	  pulls	  are	  forces.	  There	  is	  also	  another	  type	  of	  force	  that	  holds	  things	  in	  
place.	  
	  
Forces	  are	  neither	  pushes	  nor	  pulls.	  	  They	  are	  something	  else.	  
________________________________________________________________________	  
	  
Please	  draw	  a	  model	  and	  write	  an	  explanation	  about	  force	  and	  motion.	  
	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	  

Force & Motion 
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Sideways Forces and Rolling Objects: 
Original Version of Text 

 
We see rolling objects every day, such soccer balls and marbles. Often, it is important to 
know how to use a force (a push or pull) to move these objects in a certain direction – such 
as aiming a soccer ball at a goal. 
 
People sometimes have trouble using forces to move rolling objects in particular directions, 
however. For example, some people think that when you apply a quick sideways force to a 
rolling object that it makes an L‐shaped (90 degree) turn (see Figure 1). But this isn’t what 
happens.  Instead, the object ends up moving diagonally. Why is this? 
 

Figure 1.  A Rolling Object is Pushed From the Side 
 
 

 
 

 
 

 
 
 
 
To scientists, the reason for the diagonal motion is based on an important scientific 
concept.  The reason why the rolling object moves this way after the push is because of the 
idea that a sideways force only changes an object’s sideways motion.  To better understand 
this idea, we will look at an example. 
   
Example of a Sideways Force on a Rolling Marble’s Speed and Direction 
 
Imagine that a marble is moving with a speed of 3 centimeters per second (cm/sec) 
towards a wall.  A window is to the side of the marble.  Unexpectedly, the marble is pushed 
by a strong sideways puff of air (see Figure 2).  What happens? 
 

Figure 2. A Marble is Pushed From the Side 
 
 
 
 
 
 
 
 
 

Object is rolling 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YES! 

NO! 
 

Speed of 3 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towards wall 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Movement towards the wall. 
 
Since the marble’s speed of 3 cm/sec is NOT a sideways speed, the 3 cm/sec speed isn’t 
affected by the sideways puff of air. This means the marble keeps moving with a speed of 3 
cm/sec towards the wall. 
 

Movement towards the window. 
 
According to our rule, because the puff of air pushes sideways on the marble, it changes the 
sideways speed of the marble.  This means that the marble will now move with a new 
sideways speed towards the window. 
 

What happens every second that the marble moves. 
 
Let’s imagine that the new sideways speed of the marble is 1 cm/sec (towards the 
window).  What is the path of the marble after being pushed? 
 

Figure 3.  The movement of the marble (after the push) in one second 
 
 
 
 
 
 
 
 
 
 
 
As shown in Figure 3, in one second, the marble moves 3 centimeters towards the wall, and 
also moves 1 centimeter towards the window.  Since it moves both towards the wall and 
towards the window, it now moves diagonally! 
 
This diagonal motion will continue, and so every second the marble will roll 3 centimeters 
towards the wall and 1 centimeter towards the window. 
 
So now we have our answer.  The marble moves diagonally after being pushed by a 
sideways puff of air (a force) because it keeps its original motion, but it also receives a new 
sideways motion.  And it’s all based on the scientific idea that a sideways force only changes 
an object’s sideways motion. 

Original position 

Window 
Wall 

Position one second later 

3 cm towards wall 

1 cm 
towards 
window 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Engaging Students in 
Scientific Practices: 
What does constructing 
and revising models 
look like in the science 
classroom?
Understanding A Framework for K−12 
Science Education
By Joseph Krajcik and Joi Merritt

The Next Generation Science Standards 
(NGSS)—now in development—will be 
based on A Framework for K–12 Science 
Education released by the National Research 

Council last summer. The NGSS will use four key ideas 
from the Framework: (1) a limited number of core ideas 
of science, (2) the integration or coupling of core ideas 
and scientific and engineering practices, (3) crosscutting 
concepts, and (4) the development of the core ideas, sci-
entific practices, and crosscutting concepts over time.

In the December issue of The Science Teacher, Rodger 
Bybee provided an overview of the Scientific and Engi-
neering practices and showed how they are a refinement 
and further articulation of what it means to do scientific 
inquiry in the science classroom (2011).

The Framework identifies seven scientific and engineer-
ing practices that should be used in science classrooms. 
These practices reflect the multiple ways in which scientists 
explore and understand the world and the multiple ways in 
which engineers solve problems. These practices include: 

•	 Asking	questions	(for	science)	and	defining	problems	
(for engineering)

•	 Developing	and	using	models
•	 Planning	and	carrying	out	investigations
•	 Analyzing	and	interpreting	data
•	 Using	mathematics,	information	and	computer	

technology, and computational thinking
•	 Constructing	explanations	(for	science)	and	

designing solutions (for engineering)
•	 Engaging	in	argument	from	evidence
•	 Obtaining,	evaluating,	and	communicating	information

In this article, we look in-depth at scientific practice 
#2—developing, evaluating, and revising scientific mod-
els to explain and predict phenomena—and what it means 
for classroom teaching. Models provide scientists and 
engineers	with	tools	for	thinking,	to	visualize	and	make	
sense of phenomena and experience, or to develop possible 
solutions to design problems (NRC 2011). Models are 
external representations of mental concepts. Models can 
include diagrams, three-dimensional physical structures, 
computer simulations, mathematical formulations, and 
analogies. It is challenging for learners to understand that 
all models only approximate and simplify how the enti-
ties they represent work, yet models provide a powerful 
tool of explaining phenomena. It’s critical that a model be 
consistent with the evidence that exists, and that different 
models are appropriate in different situations depending 
on what is being explained. If the model cannot account 
for the evidence, then the model should be abandoned 
(Schwarz	et	al.	2009).

A Framework for K–12 Science Education states that 
by the end of the 12th grade students should be able to:

•	 Construct drawings or diagrams as representations of 
events or systems

•	 Represent and explain phenomena with multiple 
types of models and move flexibly between model 
types when different ones are most useful for differ-
ent purposes.

•	 Discuss the limitations and precision of a model as 
the representation of a system, process, or design 
and suggest ways in which the model might be im-
proved to better fit available evidence or better reflect 
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a design’s specifications. Refine a model in light of 
empirical evidence or criticism to improve its quality 
and explanatory power.

•	 Use	(provided)	computer	simulations	or	simulations	
developed with simple simulation tools as a tool for 
understanding and investigating aspects of a system, 
particularly those not readily visible to the naked eye.

•	 Make and use a model to test a design, or aspects of a 
design, and to compare the effectiveness of different 
design solutions. (NRC 2011, p. 3-20).

What does this practice mean for classroom instruc-
tion? What does it mean that the practices of modeling 
will	 be	blended	with	 core	 ideas?	Perhaps	 the	biggest	
change the modeling practice brings to classroom teach-
ing is the expectation for students to construct and revise 
models based on new evidence to predict and explain 
phenomena and to test solutions to various design 
problems in the context of learning and using core ideas. 
Students will be engaged in what it means to do science 
because this is one major activity that drives scientific 
work and thinking.

Often	 in	 science	 class,	 students	 are	given	 the	final,	
canonical scientific model that scientists have developed 
over numerous years, and little time is spent showing 
them the evidence for the model or allowing them to con-
struct	models	that	will	explain	phenomena.	As	a	result,	
often learners do not see a difference between the scien-
tific model and the phenomena the model is predicting 
and explaining, or the value of the model for explaining 
and finding solutions. The Framework	emphasizes	that	
multiple models might explain a phenomena and that 
students should improve models to fit new evidence. 
It is important that science teachers engage students in 
the modeling process. What do modeling practices look 
like in the classroom? What are teachers expected to do 
in their teaching?

It is important for students to construct models that 
explain phenomena, show how their models are con-
sistent with their evidence, and explain the limitations 
of those models. Following is one example of what this 
might look like in a middle school classroom. Imagine a 
sixth-grade class engaged in exploring core ideas from 
the Framework’s	PS1.A:	“Gases	and	liquids	are	made	of	
molecules or inert atoms that are moving about relative 
to each other. In a liquid, the molecules are constantly 
in contact with others; in a gas, they are widely spaced 
except when they happen to collide.” (NRC 2011, p. 5-4). 
Blending this core idea with the practice of constructing 
and revising models, students could be asked to draw a 
model of how the odor gets from the source to your nose 
(Merritt and Krajcik 2012; Merritt 2010). Students are 
asked to complete the task described in Figure 1.

Figure 1.

Drawing a model of an odor.

Imagine that you have a special instrument that 
allows you to see what makes up odor. The large 
circle in the drawing below represents a spot that 
is magnified many times, so you can see it up close. 
Create a model of what you would see if you could 
focus on one tiny spot in the area between the jar 
and your nose.

Label the parts of your model, so someone who looks 
at it will know what the parts represent.

Figure 2.

A student model at the initial stage.
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	an	eight-week	unit	that	focuses	on	Core	Idea	PS1.A.	
In each case, students need to include a key, the drawing, 
and an explanation of the drawing. Students construct 
their first model on the first day of the unit. Students walk 
into class, and the teacher opens a container that contains 
a strong odor (typically menthol) and asks the students to 
make a drawing (a representation) of how the odor gets 
from the container to their noses. The students have had 
no	formal	instruction	on	the	particle	nature	of	matter.	All	
they are expected to do is draw a feasible model consistent 
with the evidence they might see if they had a very power-
ful	instrument	that	would	allow	them	to	“see”	the	odor.

Typically at this initial stage, students’ models do 
not match the scientific model. This is perfectly okay 
as long as the student model is reasonable and feasible. 
As	previously	reported	(Novick	and	Nussbaum	1978),	
students initially draw a continuous or cloud model to 
represent the air and the odor. Figure 2, page 11, shows 
an example of what students typically draw.

Next, students complete a series of investigations in 
which they explore properties of gases. For instance, they 
use syringes to experience that gases are compressible 
and expandable: You can add gas to or remove it from a 
container with a fixed volume without changing the shape 
of	the	container.	Using	these	and	related	experiences,	stu-
dents are again challenged to create a new model of matter 
to explain how an odor can get from a source to their noses 
and what they would see if they had a special instrument 
that	“sees”	odor.	Now,	however,	 their	models	must	be	
consistent with the evidence they have regarding the prop-
erties of gases (i.e., gases can be expanded and compressed 
and can be added to or taken away from a container with 
a	fixed	volume).	As	Figure	3	shows,	students	now	draw	
models that are more particulate in nature.

Although	this	model	is	still	not	consistent	with	the	full	
scientific model, it has features consistent with scientific 
models.	The	student	now	visualizes	air	and	odor	to	consist	
of tiny particles too small to see; the particles have space 
between them and travel in straight lines until they col-
lide with other particles. There are some concerns with 
the model. For instance, the model shows particles that 
collide with the imaginary side of the magnified section. 
The model, however, is consistent with the evidence 
the student has collected: that a gas can be compressed, 
expanded, and added to or taken away from a container 
with a fixed volume.

Throughout the unit, students continue to collect addi-
tional evidence about the properties of gases. For instance, 
students explore the effect of temperature on how fast a gas 
travels by investigating the time it takes ammonia vapor to 
change indicator paper blue when a test tube containing 
drops of ammonia is in a warm versus cool water bath. 

Figure 3.

A student’s second attempt at 
drawing a model of air and odor.

Figure 4.

A student’s model at the end of the 
unit.
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	students	have	developed	their	own	models,	through	
careful scaffolding by the teacher, they also develop a 
class consensus model and explore computer simulations 
to develop a rich and integrated model of the structure of 
gases, liquids, and solids as being particulate in nature.

As	Figure	4	indicates,	at	the	end	of	the	unit	most	stu-
dents have developed models more consistent with the 
scientific model. The model in Figure 4 shows that gases 
(air and odor) are made up of tiny particles too small to 
see, have space between them, move and collide into each 
other, and change direction as a result of these collisions. 
There is no indication of the particles colliding with the 
imaginary walls of the magnified section. Moreover, the 
student clearly points out there is nothing between the par-
ticles. These understandings form a foundation that can be 
used to build more sophisticated models of the structure 
of	matter.	What	is	important	to	realize	in	these	examples	
is that these student models account for all the evidence 
they have regarding the properties of gases. The student 
was not told the features of the particle model but rather 
developed the particle model through carefully supported 
modeling activities in which students built models based 
upon evidence. This is the major feature of the modeling 
practice: developing and revising models.

Concluding Comment
Because A Framework for K–12 Science Education em-
phasizes	fewer	ideas	developed	across	K–12	science	cur-
riculum and blended with the use of scientific practices 
and crosscutting elements, Next Generation Science 
Standards will present a more coherent view of science 
education that will engage students in the process of do-
ing science.

The	U.S.	 science	curriculum	has	 long	suffered	 from	
being disconnected and presenting too many ideas too su-
perficially, often leaving students with disconnected ideas 
that cannot be used to solve problems and explain phenom-
ena they encounter in their everyday world. John Dewey 
expressed	this	concern	in	1910,	and	we	continue	to	strive	
so that students learn science in a more coherent manner.

“Science	teaching	has	suffered	because	science	has	
been so frequently presented just as so much ready-
made knowledge, so much subject-matter of fact and 
law, rather than as the effective method of inquiry 
into	any	subject-matter.”	(Dewey	1910)

By focusing on big ideas blended with practices and 
crosscutting elements over time, the Framework and 
Next Generation Science Standards strive to avoid shal-
low coverage of a large number of topics and allow more 
time for students to explore and examine ideas in greater 
depth and use those ideas to understand phenomena 

they	encounter	in	their	lives,	while	engaging	in	an	“ef-
fective method of inquiry.” The modeling practices and 
the example described in this article demonstrate sci-
ence	teaching	as	“effective	method	of	inquiry	into	any	
subject-matter.” This focus on fewer ideas blended with 
scientific and engineering practices will allow teachers 
and students time to do science by engaging in a range 
of scientific practices, including creating and revising 
models that can explain phenomena and that change as 
more evidence is collected. Imagine the type of student 
who emerges from 12th-grade science education after 
repeatedly experiencing instruction since elementary 
school that supported them in constructing and revis-
ing models to explain phenomena! These students will 
form a different breed of high school graduates who view 
science	 as	 an	 “effective	method	of	 inquiry”	 and	who	
will	serve	as	productive	21st-century	citizens	to	create	a	
sustainable planet. n

Joseph Krajcik (Krajcik@msu.edu) is a professor of 
science education, and Joi Merritt (jmerritt@msu.edu) 
is a postdoctoral researcher focusing on science educa-
tion, both at Michigan State University. Krajcik served 
as Design Team Lead for the Framework and currently 
serves as Design Team Lead for the Next Generation Sci-
ence Standards.
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APPENDIX F – Science and Engineering Practices in the NGSS 
  

 
Practice 6 Constructing Explanations and Designing Solutions  
The goal of science is to construct explanations for the causes of phenomena. Students are 
expected to construct their own explanations, as well as apply standard explanations they learn 
about from their teachers or reading. The Framework states the following about explanation: 

“The goal of science is the construction of theories that provide explanatory accounts of the 
world. A theory becomes accepted when it has multiple lines of empirical evidence and greater 
explanatory power of phenomena than previous theories.”(NRC Framework, 2012, p. 52) 

An explanation includes a claim that relates how a variable or variables relate to another variable or a 
set of variables. A claim is often made in response to a question and in the process of answering the 
question; scientists often design investigations to generate data. 
The goal of engineering is to solve problems. Designing solutions to problems is a systematic 
process that involves defining the problem, then generating, testing, and improving solutions. This 
practice is described in the Framework as follows. 

Asking students to demonstrate their own understanding of the implications of a scientific idea 
by developing their own explanations of phenomena, whether based on observations they have 
made or models they have developed, engages them in an essential part of the process by which 
conceptual change can occur. 
In engineering, the goal is a design rather than an explanation. The process of developing a 
design is iterative and systematic, as is the process of developing an explanation or a theory in 
science. Engineers’ activities, however, have elements that are distinct from those of scientists. 
These elements include specifying constraints and criteria for desired qualities of the solution, 
developing a design plan, producing and testing models or prototypes, selecting among 
alternative design features to optimize the achievement of design criteria, and refining design 
ideas based on the performance of a prototype or simulation. (NRC Framework, 2012, p. 68-69) 

 

 

Practice 7 Engaging in Argument from Evidence 
The study of science and engineering should produce a sense of the process of argument 
necessary for advancing and defending a new idea or an explanation of a phenomenon and 
the norms for conducting such arguments. In that spirit, students should argue for the 
explanations they construct, defend their interpretations of the associated data, and advocate 
for the designs they propose. (NRC Framework, 2012, p. 73) 

Argumentation is a process for reaching agreements about explanations and design solutions. In science, 
reasoning and argument based on evidence are essential in identifying the best explanation for a natural 
phenomenon. In engineering, reasoning and argument are needed to identify the best solution to a design 
problem. Student engagement in scientific argumentation is critical if students are to understand the culture 
in which scientists live, and how to apply science and engineering for the benefit of society. As such, 
argument is a process based on evidence and reasoning that leads to explanations acceptable by the 
scientific community and design solutions acceptable by the engineering community.  
Argument in science goes beyond reaching agreements in explanations and design solutions. Whether 
investigating a phenomenon, testing a design, or constructing a model to provide a mechanism for an 
explanation, students are expected to use argumentation to listen to, compare, and evaluate competing ideas 
and methods based on their merits. Scientists and engineers engage in argumentation when investigating a 
phenomenon, testing a design solution, resolving questions about measurements, building data models, and 
using evidence to evaluate claims. 
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Pairs Read Strategy 
 
Pairs Read is a way for two students to complete a reading assignment.   This reading 
structure can be used for fiction and nonfiction texts. 
 
The students are asked to take turns reading a selection.  One student reads aloud a small 
section and then the other student orally summarizes what was read. 
 
This strategy is more about the oral summarization than the actual reading.  The student 
reading is usually busy decoding words and loses focus on comprehending the content.  
The student summarizing can focus on the content being read without the struggle of 
decoding words. 
 
Generally, students of similar reading ability are paired together.  Sometimes a more 
competent reader is paired with a less competent one, and the more able reader reads 
aloud and the less able follows along. This enables the less able reader to follow the text 
visually with little or no pressure. 
 
It is important that pairs are seated in a way to foster this type of reading.  When possible 
seat students side by side, facing opposite directions.  This setup will allow the mouth and 
ear to be closer to one another.  Therefore, the noise level will not need to be very high.  
Also, students are able to make eye contact during the summarization part of the strategy. 
 
DIRECTIONS: 
 

1. The teacher divides a reading passage into sections. 
2. The pair decides who is student A and who is student B 
3. Student A reads the first assigned reading section while student B listens and 

follows along in the text.   
4. Student B orally summarizes what student A has just read. 
5. Then, student B reads the next assigned reading section while student A listens and 

follows along in the text. 
6. Student A orally summarizes what student B has just read. 
7. This rotation continues until the text is completely read and summarized. 

 
OPTIONS: 
 
Teacher may want to stop groups periodically to develop whole class group notes on the 
board.  The teacher will want to do the writing so the students can concentrate on what is 
being read. 
  
Later in the school year when the students are better at oral summarization, the teacher 
can add an additional task such as concept definition maps, note making, or written 
summaries.  But at first, we want to concentrate on the skill of oral summarization. 
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Pendulum Reading 
 

A playground swing is usually supported by chains that are attached to fixed points at the 
top of the swing set. When the swing is raised and released, it will move freely back and 
forth due to the force of gravity on it.  A swing is an example of a pendulum for it is an 
object hung from a fixed point that swings back and forth. 
 
The object that swings in a pendulum is called a “bob”. Galileo was the first to examine the 
pendulum’s unique characteristics. The time it takes a pendulum to swing back to its 
original position is called the period of the pendulum. Galileo found that each pendulum 
has a constant period and that the pendulum passes twice through the arc during each 
period.  For example, this is the time it takes a child being pushed in a swing to be pushed 
and then return back for another push. The period of the pendulum depends on the force 
of gravity, as well as the length of the pendulum. 
 
Today we know that the period of the pendulum will remain constant as 
long as the pendulum's angle is no greater than about 20 degrees, and 
even then, it is not completely precise. A pendulum moving along a 
greater arc traverses a greater distance and its velocity is greater.  This 
is because it falls from a greater height and at a more acute angle. As a 
result of these factors, its speed is far greater. A longer string will take a 
greater amount of time to complete one swing than a shorter string, 
which you can see from the figure: it has to travel a larger distance for 
the same angle of swing.  

 
When you first hang a pendulum, it hangs straight down, toward the 
ground. To make a pendulum swing, you have to pull it to one side and let go. And when 
you let go, gravity (the force that pulls objects toward Earth) pulls the pendulum 
downward, while the string moves the pendulum to the side. Then, when the pendulum 
gets to the middle, it keeps swinging and goes up on the other side. 
 
Galileo made an intuitive leap that turns out to be approximately true, but not exactly so: 
he surmised that the length of the string is the only thing that determines the period. The 
exact mass of the bob isn’t important, as long as it’s sufficiently heavier than the string. 
 
Isaac Newton defined mass as the resistance to motion: the more mass an object has, the 
harder it will be to get it moving if it’s at rest, or to change its direction or bring it to a stop 
if it’s already in motion. He also recognized that the larger the mass, the greater the 
gravitational attraction that object will possess. 
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Mass 

Gravity 

Resistance 
to Motion 

For our pendulum, the resistance to motion as the bob swings 
back and forth is proportional to its mass, but so is the 
force acting on the bob due to gravity. With the same 
proportionality for both cause — the force — and 
effect, the mass drops out of the picture!  
 
Gravity is what keeps the pendulum swinging, not what makes it stop. When the 
pendulum is at the very top of its swing it is motionless for that split second, but it is at its 
highest point. So it has no kinetic energy (KE), but it does have potential energy (PE). 
 
Kinetic energy is energy possessed by a body by virtue of its movement. Potential energy is 
the energy possessed by an object due to its position or state.   On the way down the 
pendulum speeds up and trades PE for KE, thanks to gravity pulling it down. At the bottom 
of its swing it is moving as fast as it ever will, but is at its lowest point. So it has all KE but 
no PE. And on the way back up it slows down and trades speed for height. So again, back at 
the top of its swing it is all KE and no PE.  
 
In an ideal (i.e., no friction) world, the pendulum would swing forever, repeatedly trading 
KE for PE and vice-versa. But in real life there is friction, and friction causes losses of 
momentum (mass * velocity). In the case of the pendulum the two sources of loss are air 
resistance (friction between the pendulum and the air it's moving through) and the 
friction at the pendulum's pivot point (the hinge).  The air resistance is at its maximum 
when the pendulum is moving fastest (the bottom) and zero when it's stationary (at the 
top).  
 
In an apparatus with multiple pendulums you can create interesting wave patterns if each 
pendulum has a slightly different length of string, and the relative lengths consistently 
increase along the apparatus. This means the period of oscillation isn’t going to be the 
same for each pendulum, even though they all swing through the same angle. The exact 
relationship between string lengths is designed to create the illusion of a wave; in 
addition, as the pendulums slow down due to air resistance, the pattern changes. The 
pendulums begin together, but because they have different periods of oscillation, they 
quickly fall out of sync — but because of the specific relationship between the lengths of 
the pendulum strings, they create fascinating wave patterns. 
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FRAMEWORK FOR SCIENTIFIC EXPLANATION 
McNeill &Krajcik 

Presented at NSTA 2011 
 

WHY SCIENTIFIC EXPLANATIONS AND ARGUMENTS? 
 
Science education reform efforts call for students to develop scientific processes 
and skills through inquiry (American Association for the Advancement of Science, 
1993; National Research Council, 1996). One prominent inquiry practice in both 
the standards documents and research literature is the construction, analysis, and 
communication of scientific arguments. We believe that argument construction 
should be an important part of science class for multiple reasons. First, research 
into scientists’ practices portrays a picture where scientists construct arguments or 
explanations including weighing evidence, interpreting text, and evaluating claims 
(Driver, Newton & Osborne, 2000). Second, previous research in science 
education has found that having students engage in argumentation may change or 
refine their image of science as well as enhances their understanding of the nature 
of science (Bell & Linn, 2000). Third, constructing arguments can enhance student 
understanding of the science content (Driver, Newton & Osborne, 2000) as well as 
their ability to write in science (McNeill & Krajcik, 2006). Finally, assessing 
students’ scientific arguments can help make their thinking visible both in terms of 
their understanding of the science content and their scientific reasoning (McNeill 
& Krajcik, 2007; McNeill & Krajcik, 2008a). 
 
WHAT IS A SCIENTIFIC EXPLANATION? 
 
A scientific explanation is a written or oral response to a question that requires 
students to analyze data and interpret that data with regard to scientific knowledge. 
Our explanation framework includes four components: claim, evidence, reasoning 
and rebuttal. While we break down arguments into these four components for 
students, our ultimate goal is to help students to create a cohesive argument in 
which all components are linked together. Yet we have found that first breaking 
arguments down into the components can ultimately help students create cohesive 
arguments. In the following section, we describe three components of a scientific 
argument. 
 
Claim 
 
The claim is a testable statement or conclusion that answers the original question. 
The claim is the simplest part of an argument and often the part students find the 
easiest to include as well as to identify when they are critiquing other peoples’ 
arguments. One of the purposes in focusing on scientific arguments is to help 
students include more than a claim in their writing. 
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Evidence 
 
The evidence is scientific data that supports the student’s claim. This data can 
come from an investigation that students complete or from another source, such as 
observations, reading material, archived data, or other sources of information. The 
data needs to be both appropriate and sufficient to support the claim. When 
introducing evidence to students, we suggest discussing appropriate data in terms 
of whether the data supports the claim. A good argument only uses data that 
supports the claim in answer to the original question. Students should also consider 
whether or not they have sufficient data. When introducing this concept to students, 
we suggest discussing sufficient data in terms of whether they have enough data.  
 
When students are selecting their data to use as evidence, they should consider 
both whether it is appropriate to support their claim and whether they have enough 
data to support their claim. We have found that this can be difficult for students. 
While they realize that they should include data as evidence, they are not 
necessarily sure which data to use or how much data to use. 
 
Reasoning 
 
Reasoning is a justification that shows why the data counts as evidence to support 
the claim and includes appropriate scientific principles. The reasoning ties in the 
scientific background knowledge or scientific theory that justifies making the 
claim and choosing the appropriate evidence.  
 
We have found that students have a difficult time including the entire reasoning 
component. Often students simply make a general link between the claim and 
evidence. You want to help students learn to include the scientific background 
knowledge that allowed them to make that connection between claim and 
evidence. 
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32



 
 

Sam
ple CER Rubric w

ith Content Answ
er Exam

ple 
M

cN
eill & Krajcik (2007) 

   

LEVEL 
0 

1 
2 

 
C

laim
 

A statem
ent or conclusion 

that answers the original 
question/problem

. 
 

D
oes not m

ake a claim
, or 

m
akes an inaccurate claim

. 
States none of the liquids are the sam

e 
or specifies the w

rong solids. 

M
akes an accurate but 

incom
plete claim

. 
V

ague statem
ent, like “som

e of the 
liquids are the sam

e.” 

M
akes an accurate and 

com
plete claim

. 
Explicitly states, “Liquids 1 and 4 are 
the sam

e substance.” 

 
E

vidence 
Scientific data that 
supports the claim

. The 
data needs to be 
appropriate and sufficient 
to support the claim

. 
 

D
oes not provide evidence, or 

only provides inappropriate 
evidence  (E

vidence that does 
not support claim

). 
Provides inappropriate data, like “the 
m

ass is the sam
e” or provides vague 

evidence, like “the data table is m
y 

evidence.” 
 

Provides appropriate, but 
insufficient evidence to 
support claim

. M
ay include 

som
e inappropriate evidence. 

Provides 1 or 2 of the follow
ing 

pieces of evidence of evidence:  the 
density, m

elting point, and color of 
liquids 1 and 4 are the sam

e.  M
ay 

also include inappropriate evidence, 
like m

ass. 

Provides appropriate and 
sufficient evidence to support 
claim

. 
 Provides all 3 of the follow

ing pieces 
of evidence: the density, m

elting 
point, and color of liquids 1 and 4 are 
the sam

e. 

 
R

easoning 
A justification that 
connects the evidence to 
the claim

. It shows why 
the data counts as 
evidence by using 
appropriate and sufficient 
scientific principles. 
 

D
oes not provide reasoning, or 

only provides inappropriate 
reasoning. 
    Provides an inappropriate 
reasoning statem

ent like “they are 
like the fat and soap w

e used in 
class” or does not provide any 
reasoning. 

Provides reasoning that 
connects the evidence to the 
claim

. M
ay include som

e 
scientific principles or 
justifications for w

hy the 
evidence supports the claim

, 
but not sufficient. 
R

epeats the density, m
elting point and 

color are the sam
e and states that this 

show
s they are the sam

e substance.  
O

r provides and incom
plete 

generalization about properties, like 
“m

ass is not a property so it does not 
count.” 
 

Provides reasoning that 
connects the evidence to the 
claim

. Includes appropriate 
and sufficient scientific 
principles to explain w

hy the 
evidence supports the claim

.  
 Includes a com

plete generalization 
that density, m

elting point, and color 
are all properties.  Sam

e substances 
have the sam

e properties.  Since 
liquids 1 and 4 have the sam

e 
properties they are the sam

e 
substances. 
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Carousel Strategy 
 
DESCRIPTION: 
 
The Carousel is a cooperative learning strategy in which student groups brainstorm and 
discuss information provided on charts around the room.  The charts can provide 
scaffolding for new information to be learned, student created work to be evaluated, or 
existing information to be reviewed.  This strategy promotes movement, guided practice, 
conversation, and reflection.  This technique allows for small group discussion followed 
by whole class reflection.   
 
Each small cooperative group moves about the room stopping at various 
“stations/charts”.  Teachers will assign a specific period of time for each “station/chart” 
depending on the task to be completed at each stop (usually 1-3 minutes).  
 
Each station chart might include an open-ended question, student created work to be 
discussed or evaluated using a rubric, or other content related information. 
 
Examples of tasks to complete at the charts might be to discusses the information, 
brainstorm answers or solutions, and write down responses within a given amount of 
time or evaluate information using a rubric. When the teacher “carousels” students, or 
rotates the groups to new locations, they repeat the exercise with a new question. This 
time students must read the responses from the previous group(s) before they begin to 
write down new ideas. 
 
Directions: 

1. Pick at least 5 related topics or concepts and write each one on one piece of flip 
chart paper (at the top). Also, this could be student work, questions, pictures, or 
passages.  

2. Number the posters and post them in order around your room. 
3. Assign each student a number from one to five (or however many topics you 

have).  
4. Ask all students to move to the paper labeled with their assigned number. 
5. Give each group a different-colored marker to record their information. Option: 

This feedback can also be written and displayed on post-its. 
6. Give the groups about 1-3 minutes to write on the flip chart paper everything they 

know or have learned about the topic. If they are not sure about their information, 
they can write a "?" by it. 

7. When time's up, the groups rotate to the next number.  
8. They read what other groups have written, make corrections or additions, and 

add any new information they know. 
9. The process repeats until the groups have rotated through all the topics. 
10. Wrap up the brainstorming session by having a discussion about the topics on 

each piece of chart paper and reading/discussing what each group wrote, 
answering questions as you go. 

11. Have your students organize the information from the brainstorming session by 
using a graphic organizer, writing a summary, or doing a gallery walk, recording 
useful information. 

 
OPTIONS: 

• Students quickly rotate back through stations to view their peers’ responses. 
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• Have each group share with the entire class the highlights of three 
ideas/concepts from the last poster they viewed. 

• Other visuals may be used instead of student work (i.e., photographs pertaining 
to a topic, quotations, math problems, chart paper with questions or prompts, 
etc.) 

• Post questions or topics across the top of the poster and have groups list two or 
three ideas or responses on the chart using different colored markers or pens. 

• Have students walk around the room with a specific task (i.e., making notes, 
scoring with a rubric, using post-its to give feedback, etc.) as they view each 
item. 

• Ask your students to write a one-sentence summary over what they think is the 
most important information about each topic (instead of just writing freely). 

• Ask students to plan their own carousel brainstorming review. They determine 
the key topics, write them on the charts, and organize the groups. 

• Students can also write questions about things that other groups wrote (existing 
answers/notes about the topic/question). 

• Provide sentence frames 
• Provide a rubric to guide students’ observations. 
 

 
Examples that you might use in your classroom: 
 

• Before beginning a lesson on the civil rights era, you might post the names of some key 
people and events from this time in history to draw out students’ background 
knowledge. 

• Upon finishing The Diary of Anne Frank, you might choose to pose different critical 
thinking questions about the novel as a means to review the story. 

• After a unit on plants, you might post guiding questions about the major topics covered 
in the unit to review the material. 

• Students post a math problem, science explanation, poem, or etc. for other students to 
provide feedback and/or use rubric to evaluate with feedback. 
 
 
RESOURCES: 
http://www.andistix.com/carousel_brainstorming 
 
http://www.readwritethink.org/professional-development/strategy-guides/brainstorming-
reviewing-using-carousel-30630.html 
 
http://literacy.purduecal.edu/student/ammessme/Carousel.html 
 
http://serc.carleton.edu/introgeo/gallerywalk/what.html 
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Adapted Language Frames for Argumentation Leading to a Scientific Explanation 
Adapted from Foss and Frey, The Art of Argumentation. Science and Children 47 (3), 28-31 

(2009) 
 
 

Supports when creating an Explanation 
Claim   
Testable statement 
or conclusion that 
answers the 
original question. 

• I claim__________________________________________________. 
• Specific frame:  e.g.  The “burrowing owl” population is decreasing due to  

_______________________________. 
• Open frame:  The ________________________is ____________________ 

due to___________________________.   
• My question was__________________________________.  My claim is 

__________________________________________. 
Evidence   
Appropriate and 
sufficient to 
support the claim.  
(investigation., 
observations, 
reading, or other 
sources) 

• Evidence for my claim is___________________________ and 
____________________________________. 

• I observed _____________________________________.   
• The evidence is enough to support the claim because _______________. 
• The evidence is the right evidence for my claim because______________. 

Reasoning 
Justification for why 
the data counts as 
evidence.  Use 
scientific 
background 
information to link 
claim and evidence. 

• Science reading about _______________is similar to my claim and the 
evidence.   

• Two other sources ____________________and ____________________had 
similar results.   

• Therefore, the evidence for my claim is supported by __________________ 
and ___________________________.   

Offering a 
counter-claim 
or rebuttal 
Scientists include 
disagreements with 
current ideas when 
making a claim.   

I disagree with ________________claim because_________________________.   
 

Supports when questioning someone else’s claim 
Asking for 
evidence:  
Clarify  

• I have a question about_______________________________. 
• Does ______________________have more ______________________?  
• What causes _____________________to ____________________? 
• Can you show where you found the evidence for ______________________? 
• Why did you select the evidence used? 

Inviting 
Speculation 
 

• I wonder what would happen if____________________? 
• I have a question about ___________________________. 
• Let’s find out how we can test samples for _________________? 
• We want to test ______________to find out ________________________.   
• If I change _______________then I think __________________will happen. 
• I wonder why___________________? 
• How would this be different if ______________________? 
• What do you think will happen if ________________________? 

Supports when reaching a group or class consensus about a claim. 
Reaching 
Consensus 

• I agree __________________because______________________. 
• We agree on ________________.  We do not agree on _______________.  
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Fishbowl Strategy “How To” 
 
Definition:  
 
The Fishbowl strategy is used in a way in which a few students model a skill or task while other 
students observe the process. The strategy gives students an opportunity to hear the 
experiences, ideas, and feedback of current students who are actively engaged in 
conversation around a specific concept or skill.  
 
Fishbowl activities force participants to listen actively to the experiences and perspectives of a 
specific group of people. Students are to listen for explanation of thinking as well as concept 
information.   
 
Student fishbowl discussions usually are most successful when they are informal. Remember 
that the fishbowl students have not had an opportunity to develop comfort with the participants 
of your class or workshop. 

The “fishbowl” strategy can be used as a guided-practice structure, review, or modeling. 

 
Directions: 
 

1. Select two or more students (student groups) to be in the “fishbowl.” 
2. Instruct the rest of the students to sit or stand around them to watch as the teacher 

instructs the students inside the “fishbowl.”   
3. Provide an observation sheet or task for student observers to complete. 
4. Inside the “bowl,” guide the conversation and highlight key strategies for observers. 
5. Review or build on the key information the “fishbowl” addressed. 

 

One important ground rule must guide the participation of the observers: During the course of 
the fishbowl, observers are not allowed to speak. Their job is to listen and learn from the 
fishbowl students. Mention that the observers will have an opportunity to discuss any issues 
that emerge in later processing dialogue. 

 
Options: 
 

• Allow the observers to select a particular student to watch during the “fishbowl” to keep 
the observers actively participating. 

• Allow “fishbowl” participants to “phone a friend” or seek help from other “fish.” 
• Allow time for “fishbowl” participants to discuss, question, or practice prior to conducting 

“fishbowl.” 
• Provide sentence or question frames to aid discussion prior to participating in the 

“fishbowl.” 
 
 
http://www.edchange.org/multicultural/activities/fishbowl.html 
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Sample Scientific Explanations 
 

 
Student #1 
The length determines the swing.  The data table shows that this is 
true.  The mass might change it too if you have the right data to show it.  
We did not test that. 
  
Student #2  
The length of the pendulum determines the pendulum’s swing.  The 
data in our experiment shows that the pendulum period decreases as 
the string length decreased.  We ran the same test with different 
masses and found no big change. 
 
Student #3   
The length of the pendulum determines the pendulum’s period.  We 
used 3 different string lengths of 10, 20, and 40 cm.  We made sure to 
keep the drop angle the same and we calculated that a 10cm pendulum 
had 72 swings/minute.  As we went down to 20 cm and 40 cm, the 
swings decreased to 56 and 42 swings/minute respectfully.  We 
repeated the experiment using a ‘bob’ with a smaller mass and the 
periods were the same.  The pendulum length determines the distance 
the pendulum travels and therefore affects the total amount of friction 
and slows the down the pendulum. 
 
 
And now for something completely different…. 
Student #4   
The pendulum completes the period in a shorter length of time when 
the bob’s mass is greater.  Our evidence showed that when 2 
pendulums were dropped from the same height, the pendulum with 
greater mass completed a period in a shorter length of time.  This 
indicated that a greater mass on the bob will cause the pendulum to 
swing faster.  This disproves Newton and Galileo. 
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Com
pare	  CCSS	  ELA

	  and	  Science/Engineering	  Practice	  7	  
CCSS	  ELA	  	  

Argum
entation	  Text	  

Text	  Type	  and	  Purposes	  #1	  	  	  
(Grade	  8)	  

CCSS	  ELA	  	  
Opinion	  Text	  

Text	  Type	  and	  Purposes	  #1	  	  	  
(Grade	  4)	  

Science	  and	  Engineering	  
Practice	  7	  

Engaging	  in	  Argum
ent	  from

	  Evidence	  
(Grades	  3-‐5)	  

W
rite	  argum

ents	  to	  support	  claim
s	  

w
ith	  clear	  reasons	  and	  relevant	  

evidence.	  
a. Introduce	  claim

s	  and	  
acknow

ledge	  and	  distinguish	  
the	  claim

s	  from
	  alternate	  or	  

opposing	  claim
s	  and	  organize	  

the	  reasons	  and	  evidence	  
logically.	  

b. Support	  claim
s	  w

ith	  logical	  
reasoning	  and	  relevant	  
evidence,	  using	  accurate,	  
credible	  sources	  and	  
dem

onstrating	  an	  
understanding	  of	  the	  topic	  or	  
text.	  

c. Use	  w
ords,	  phrases	  and	  clauses	  

to	  create	  cohesion	  and	  clarify	  
the	  relationships	  am

ong	  claim
s,	  

reasons	  and	  evidence.	  
d. Establish	  and	  m

aintain	  a	  form
al	  

style.	  
e. Provide	  a	  concluding	  statem

ent	  
or	  section	  that	  follow

s	  from
	  and	  

supports	  the	  argum
ent	  

presented	  

W
rite	  opinion	  pieces	  on	  topics	  or	  

texts,	  supporting	  a	  point	  of	  view
	  w
ith	  

reasons	  and	  inform
ation.	  

a. Introduce	  a	  topic	  or	  text	  clearly,	  
state	  an	  opinion	  and	  create	  an	  
organizational	  structure	  in	  
w
hich	  related	  ideas	  are	  

grouped	  to	  support	  the	  w
riter’s	  

purpose.	  
b. Provide	  reasons	  that	  are	  
supported	  by	  facts	  and	  details.	  

c. Link	  opinion	  and	  reasons	  using	  
w
ords	  and	  phrases	  (e.g.,	  for	  

instance,	  in	  order	  to,	  in	  
addition).	  

d. Provide	  a	  concluding	  statem
ent	  

or	  section	  related	  to	  the	  opinion	  
presented.	  

	  

Engaging in argum
ent from

 evidence in 
3–5 builds on K

–2 experiences and 
progresses to critiquing the scientific 
explanations or solutions proposed by 
peers by citing relevant evidence about 
the natural and designed w

orld(s).  
• Com

pare and refine argum
ents based 

on an evaluation of the evidence 
presented.  
• D

istinguish am
ong facts, reasoned 

judgm
ent based on research findings, 

and speculation in an explanation.  
• Respectfully provide and receive 
critiques from

 peers about a proposed 
procedure, explanation, or m

odel by 
citing relevant evidence and posing 
specific questions.  
• Construct and/or support an argum

ent 
w

ith evidence, data, and/or a m
odel.  

• U
se data to evaluate claim

s about 
cause and effect.  
• M

ake a claim
 about the m

erit of a 
solution to a problem

 by citing relevant 
evidence about how

 it m
eets the criteria 

and constraints of the problem
. 
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Handout #4
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HO 
Day 1: Monday, November 4, 2011 
 
Question:  What is similar and different about plant and animal cells? Why 
are they similar, why are they different? 
 
Prompt:  Write and draw what you know about animal and plant cells. 
Cells are small things. Plant and animal cells are different. Plant cells have chloroplasts.  
Plants make their food. Plants need sunlight and water.  Plant cells are simpler. 
I have blood cells.   
 
 
 
 
Reading Notes 

• All living things are made out of one or more cells 
• Cells carry out the function of life 
• Cells have organelles 
• Plant cells have cell walls and are rectangular 
• Plant cells have chloroplasts to help make food 
• Animal cells are different shapes. 
• Animal cells don’t have cell walls 
• Both plant and animal cells have: 

o Plasma “cell” membrane 
o Nucleus 
o Mitochondria 
o Cytoplasm 

Prompt:  Pick one note and write about why you think it is important. 
Animal cells don’t have cell walls.  I’m not sure what a cell wall is.  Why don’t animals 
have them? 
 
 Compare with your neighbor and add one new idea 
Cell walls enable plants to stand up.  That must be why animal cells don’t have them.  I 
think animals have backbones. 
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Day 2: Tuesday, November 5, 2011 
 
Prompt:  observe a cheek cell and cell of a lily leaf under the microscope.  
Draw and label what you observe.  
 
Microscope Drawings (400x) 
 

  

 
Prompt:  Use your drawings from the text to label the part of the cell. 
 
Cell Drawings from page 73 
 

   

  M
y 

ce
lls

 d
on

’t 
lo

ok
 li

ke
 th

is
.  

A
re

 th
ey

 
su

pp
os

ed
 to

 b
e 

sq
ua

re
? 

H
ow

 c
om

e 
I 

ca
n’

t s
ee

 a
ll 

th
e 

st
uf

f i
n 

m
y 

dr
aw

ig
s?
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Prompt:  Compare and contrast your microscope drawing with the drawing in 
the text.  What do you notice?  Use notes from your reading to answer this 
question. 
 

• From my reading notes, the microscope lab and the drawings, I know that 
plants and animals are made out of cells.  They both have organelles like: 
nucleus, mitochondria, cell membrane, vacuoles, cytoplasm.  Only plant cells 
have chloroplasts and a cell wall.  The plant cell is rectangular and the animal 
cell is round.   

• In the microscope I could only see some of the organelles that are in the 
pictures. The diagram showed more. 

 
Prompt:  What are you thinking about now? 
 

• I thought plants were simpler, but I don’t think so anymore because of the 
drawing and looking at it through the microscope.  I know that plants and 
animal cells have similar organelles and different organelles, but I don’t know 
why. 

• I wonder if all cells look like the ones we looked at? 
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Day 1: October 2, 2011          HO 
 
Question:  What do magnets stick to? 
 
Prompt:  Predict which of the following items a magnet will stick to. 
 
Item Yes/No 
Chair legs Yes 
Table top Yes 
Whiteboard Yes 
Brads Yes 
Paper clips yes 
String no 
A Penny yes 
Scissors yes 
Rock no 
Rubber band no 
Washer yes 
 
Prompt:  Record your data in a T-chart 
 
Item Yes/No 
chair leg yes 
String No 
Paper clip Yes 
Brad No 
A Penny No 
Whiteboard no 
Scissors Yes 
Rock No 
Table top No 
Washer Yes 
Rubber band No 
 
Prompt:  What surprised you about your results?  Why? 
I thought a brad would stick because it is a metal.  The paper clip stuck and that’s a 
metal so I’m confused 
 
Prompt:  Compare your data with your partner and together develop a rule 
that tells what a magnet will stick to.  What is your evidence? 
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Magnets will stick to any silver or gray metal. 
My evidence is that only the silver and gray metals in my chart stuck to the magnet.  
The brad is metal, but did not stick to the magnet. 
 
Prompt:  Challenge your rule.  Here are 4 more items.  Will they stick to 
your magnet? 
 
Item Yes/No 
Classroom door Yes 
Soda Can No 
Stainless steel fork No 
Steel Nail  Yes  
 
Prompt:  Summarize your results 
Magnets will stick to some metals and not others.  The color does not seem to matter 
because the classroom door was yellow, the soda can was red and the fork was silver.   
 
Prompt:  I thought_____Now I know______ I wonder_____ 
 
I thought that magnets stuck to all metals.  Now I know that they only stick to some 
metals and won’t stick to stuff that isn’t made of metal.  I wonder what is different about 
some metals that makes a magnet stick to them. 
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Day 1: October 28, 2011  HO 
 
What do you remember about how the sun moves (from our last lesson)? 
 

 
 
What are shadows and what causes them? 
Shadows are people or objects refleckded off the sun. 
 
At 11:00 am, students have traced their shadow in chalk on the playground.   
Make a drawing of what your shadow looked like at 11:00 am.  Predict what you 
think your shadow will look like at 2:00 pm. Do not forget to include N, S, W, and E 
in your drawing. 
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Students went back out and looked at their shadows at 2:00 pm and tracked their 
shadows on the ground again.  They made additional drawings. 
 

 
 
I thought that my shadow was going to be on the opposite side but I was 
wrong. The sun was not where I thought it was going to be. 
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Day 2: October 29, 2011 
 
 
Prompt: How did the sun’s position and motion affect your shadow? 
 
Shaddows cange size depending on the time of day it is.  When the sun is in the east than your 
saddow will be in the west.  I now know that whereever the sun is my shaddow will be on the 
opposite side.  I am blocking the suns light and that makes the shaddow. 
I don’t know why the shaddow gets taller or smaller. 
 
 
 
 
Day 3: October 30, 2011 
 
Prompt: Where do shadows come from and what causes them to change? Include a 
drawing in your explanation. 
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www.sciencenotebooks.org 

Science Notebook Entry Types 1 11/8/2006 

 
 
Science Notebook Entry Types 

 
Science notebooks contain information about the students’ classroom experiences and are used much 
as scientists would, before, during, and after all investigations. They are a place where students 
formulate and record their questions, make predictions, record data, procedures, and results, compose 
reflections, and communicate findings. Most importantly, notebooks provide a place for students to 
record new concepts they have learned. 

 
By reviewing hundreds of actual student notebooks, a group of education leaders from Washington 
State explored how teachers were asking students to record their ideas in their science 
notebooks. Analysis of the student work revealed eight distinct strategies or “entry types,” used most 
frequently by practicing K12 teachers. This handout describes those eight entry types and offers a 
rationale for why a teacher might select a given entry type. The companion website – 
www.sciencenotebooks.org - illustrates each entry type with multiple samples of student work stored in 
a searchable online database. The samples come from students of all grade levels, demographic 
groups, and geographic regions. 

 
Entry Type Definition and Purpose 

Drawings  

Definition 
Student generated drawings of materials, scientific investigation set-up, 
observations, or concepts. Three common types of drawings used in science 
notebooks include: 
1.   Sketches: Informal pictures of objects or concepts created with little detail. 
2.   Scientific Illustrations: Detailed, accurate, labeled drawings of observations or 

concepts. 
3.   Technical Drawings: A record of a product in such detail that someone could 

create the product from the drawings. 
 

Purpose 
Students use drawings to make their thinking and observations of concrete or 
abstract ideas visible.  Drawings access diverse learning styles, allow entry to the 
writing process for special needs students and emergent writers, and assist in 
vocabulary development (e.g. oral explanations, group discussions, labels). 

Tables, Charts, and 
Graphs 

 

Definition 
Formats for recording and organizing data, results, and observations. 

 

Purpose 
Students use tables and charts to organize information in a form that is easily read 
and understood. Recording data in these forms facilitates record keeping. 
Students use graphs to compare and analyze data, display patterns and trends, 
and synthesize information to communicate results. 
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Graphic Organizers  

Definition 
Tools that illustrate connections among and between ideas, objects, and 
information. Examples include, but are not limited to, Venn diagrams, “Box–and-T” 
charts, and concept maps. 

 

Purpose 
Graphic organizers help students organize ideas to recognize and to communicate 
connections and relationships. 

Notes and Practice 
Problems 

 

Definition 
A record of ideas, observations, or descriptions of information from multiple 
sources, including but not limited to direct instruction, hands-on experiences, 
videos, readings, research, demonstrations, solving equations, responding to 
guiding questions, or developing vocabulary. 

 

Purpose 
Students use notes and practice problems to construct meaning and practice skills 
for current use and future reference. 

Reflective  and 
Analytical Entries 

 

Definition 
A record of a student’s own thoughts and ideas, including, but not limited to initial 
ideas, self-generated questions, reflections, data analysis, reactions, application of 
knowledge to new situations, and conclusions. 

 

Purpose 
Students use reflective and analytical entries to think about scientific content from 
their own perspective, make sense of data, ask questions about their ideas and 
learning processes, and clarify and revise their thinking. 

Inserts  

Definition 
Inserts are artifacts placed within a notebook, including, but not limited to 
photographs, materials (e.g. flower petals, crystals, chromatography results), and 
supplemental readings (e.g. newspaper clippings). 

 

Purpose 
Students use inserts to document and to enrich their learning. 

Investigation 
Formats 

 

Definition 
Scaffolds to guide students through a controlled investigation, field investigation, or 
design process. Examples include, but are not limited to investigation planning 
sheets or science writing heuristics. 

 

Purpose 
Students use investigation formats to guide their thinking and writing 
while they design and conduct investigations. Students also use these formats to 
reflect on and discuss their findings and ideas. 

Writing  Frames  

Definition 
Writing prompts used to focus a student’s thinking. Examples include, but are not 
limited to, “I smelled…I felt…I observed…”,“My results show…”, “The variable I will 
change is…”, or “I think that because…”. 

 

Purpose 
Students use frames to organize their ideas, prompt their thinking, and structure 
their written response.  Frames help students become more proficient in scientific 
writing and less reliant upon the prompts. 
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HO 
 

SOME Prompts and Mechanisms for Eliciting Student Thinking 
 
 

Prior Knowledge 
Prompts 

• I think ______about ____’ 
• This is what I know about______ 
• What is something you remember about_____ 
• What are some examples of ________ 
• This is like__________because_________ 
• Predict what you think will happen 
• How do you think this works? 

 
Mechanisms 

• Discrepant events:  what is occurring 
• Visuals:  what does this remind you of 
• Total Physical Response to show what you know 
• Write the ideas on post-its; compare with a partner 
• Write ideas on whiteboards and share 

 
 
Data Collection 
Prompts 

• Display data in two ways 
• How can you measure___________? 
• What do you __________(insert senses) 
• What are the outliers? 
• How could you organize your information so that someone else could 

understand what you did? 
• Compare your information with ______and make adjustments 

 
Mechanisms 

• Real data (e.g. pile pennies) 
• Use post its for bar graphs 
• Notes on videos or reading 
• Use diagrams, drawings, illustrations 

 
 
Sense Making 
Prompts 

• Explain to your friend 
• I noticed 
• Compare data 
• Share data with another group; look for similarities and differences 
• Make an explanation (claim, evidence, reasoning) 
• Refer to _____ and explain how this experience relates 
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• What might be the reason for outliers? 
• How does what you experienced today relate to the Big Idea concept 

on the wall? 
 
Mechanisms 

• Use graphic organizer 
• Construct and graph and summarize data 
• Produce a product (e.g., brochure, letter to governor, poster) 
• Create new experiment based on findings 

  
• Use a snowball (students write what they know, toss in air; next 

student picks it up and adds to the first comment) 
 
 

Metacognition 
Prompts 

• Before I thought_____ Now I know______ 
• Choose the task that is easier/more difficult for you and explain why 
• I know this for sure______ I am not sure about______ 
• What would you change and why? 
• Where in the process did you struggle?  Why? 
• What amazed you?  Why 
• I wonder_________ 
• How do I know this? 
• What is one thing you still have a question about? 

 
Mechanisms 

• Post Card to self with metacognitive prompts/answers 
• Explain phenomenon to a younger student 
• Reflection in notebook 
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P
lanning for Im

plem
entation:  S

upporting S
ense-M

aking in S
cience in M

y S
tudents 

  A
fter participating in the last three 

days, describe the vision you 
now

 have of student engagem
ent 

and learning during science in 
your classroom

.   H
ow

 has your 
vision changed and progressed?   

 

W
hat is som

ething you teach 
now

 in science that has room
 for 

im
provem

ent?   H
ow

 m
ight you 

do things differently w
hen you 

teach given these last three 
days?   D

escribe a few
 specific, 

achievable m
easures related to a 

topic below
 you can take w

hen 
teaching that unit.  


 
M

odeling 


 
C

onstructing E
xplanations 


 

A
rguing from

 E
vidence 


 

E
ssences of S

tudent 
Thinking 


 

N
otebooking 

 

W
hat areas do you still need to 

think about m
ore or need m

ore 
support to realize?  A

re there any 
obstacles to im

plem
entation of 

your ideas?  H
ow

 could these 
obstacles be realistically 
resolved?   
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