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Science &
 Engineering Practices in N

ext G
eneration Science Standards 

 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(s) 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 ideas. 

 K–2 Condensed Practices  
3–5 Condensed Practices  

6–8 Condensed Practices  
9–12 Condensed Practices  

Asking questions and defining 
problem

s in K–2 builds on prior 
experiences and progresses to sim

ple 
descriptive questions that can be 
tested.  

Asking questions and defining 
problem

s in 3–5 builds on K–2 
experiences and progresses to 
specifying qualitative relationships.  

Asking questions and defining problem
s in 6–8 builds 

on K–5 experiences and progresses to specifying 
relationships betw

een variables, clarify argum
ents and 

m
odels.  

Asking questions and defining problem
s in 9–12 builds 

on K–8 experiences and progresses to form
ulating, 

refining, and evaluating em
pirically testable questions 

and design problem
s using m

odels and sim
ulations.  

x Ask questions based on 
observations to find m

ore 
inform

ation about the natural 
and/or designed w

orld(s).  
 

x Ask questions about w
hat w

ould 
happen if a variable is changed.  

 

x Ask questions that arise from
 careful observation of 

phenom
ena, m

odels, or unexpected results, to 
clarify and/or seek additional inform

ation.  
x Ask questions to identify and/or clarify evidence 

and/or the prem
ise(s) of an argum

ent.  
x Ask questions to determ

ine relationships betw
een 

independent and dependent variables and 
relationships in m

odels.  
x Ask questions to clarify and/or refine a m

odel, an 
explanation, or an engineering problem

.  

x Ask questions that arise from
 careful observation of 

phenom
ena, or unexpected results, to clarify and/or 

seek additional inform
ation.  

x Ask questions that arise from
 exam

ining m
odels or a 

theory, to clarify and/or seek additional inform
ation 

and relationships.  
x Ask questions to determ

ine relationships, including 
quantitative relationships, betw

een independent 
and dependent variables.  

x Ask questions to clarify and refine a m
odel, an 

explanation, or an engineering problem
.  

x Ask and/or identify questions that 
can be answ

ered by an 
investigation.  

 

x Identify scientific (testable) and 
non-scientific (non-testable) 
questions.  

x Ask questions that can be 
investigated and predict 
reasonable outcom

es based on 
patterns such as cause and effect 
relationships.  

x Ask questions that require sufficient and 
appropriate em

pirical evidence to answ
er.  

x Ask questions that can be investigated w
ithin the 

scope of the classroom
, outdoor environm

ent, and 
m

useum
s and other public facilities w

ith available 
resources and, w

hen appropriate, fram
e a 

hypothesis based on observations and scientific 
principles.  

x Evaluate a question to determ
ine if it is testable and 

relevant.  
x Ask questions that can be investigated w

ithin the 
scope of the school laboratory, research facilities, or 
field (e.g., outdoor environm

ent) w
ith available 

resources and, w
hen appropriate, fram

e a 
hypothesis based on a m

odel or theory.  
 

 
 

x Ask questions that challenge the prem
ise(s) of an 

argum
ent or the interpretation of a data set.  

 

x Ask and/or evaluate questions that challenge the 
prem

ise(s) of an argum
ent, the interpretation of a 

data set, or the suitability of the design. 
x Define a sim

ple problem
 that can 

be solved through the 
developm

ent of a new
 or im

proved 
object or tool.  

 

x U
se prior know

ledge to describe 
problem

s that can be solved.  
x Define a sim

ple design problem
 

that can be solved through the 
developm

ent of an object, tool, 
process, or system

 and includes 
several criteria for success and 
constraints on m

aterials, tim
e, or 

cost.  

x Define a design problem
 that can be solved through 

the developm
ent of an object, tool, process or 

system
 and includes m

ultiple criteria and 
constraints, including scientific know

ledge that m
ay 

lim
it possible solutions.  

 

x Define a design problem
 that involves the 

developm
ent of a process or system

 w
ith interacting 

com
ponents and criteria and constraints that m

ay 
include social, technical and/or environm

ental 
considerations.  
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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.  
 K–2 Condensed Practices  

3–5 Condensed Practices  
6–8 Condensed Practices  

9–12 Condensed Practices  
M

odeling in K–2 builds on prior 
experiences and progresses to include 
using and developing m

odels (i.e., 
diagram

, draw
ing, physical replica, 

dioram
a, dram

atization, or 
storyboard) that represent concrete 
events or design solutions.  
 

M
odeling in 3–5 builds on K–2 

experiences and progresses to 
building and revising sim

ple m
odels 

and using m
odels to represent events 

and design solutions.  

M
odeling in 6–8 builds on K–5 experiences and 

progresses to developing, using, and revising m
odels to 

describe, test, and predict m
ore abstract phenom

ena 
and design system

s.  

M
odeling in 9–12 builds on K–8 experiences and 

progresses to using, synthesizing, and developing 
m

odels to predict and show
 relationships am

ong 
variables betw

een system
s and their com

ponents in 
the natural and designed w

orld(s).  

x Distinguish betw
een a m

odel and 
the actual object, process, and/or 
events the m

odel represents.  
x Com

pare m
odels to identify 

com
m

on features and differences.  
 

x Identify lim
itations of m

odels.  
 

x Evaluate lim
itations of a m

odel for a proposed 
object or tool.  

 

x Evaluate m
erits and lim

itations of tw
o different 

m
odels of the sam

e proposed tool, process, 
m

echanism
, or system

 in order to select or revise a 
m

odel that best fits the evidence or design criteria.  
x Design a test of a m

odel to ascertain its reliability.  
 

x Develop and/or use a m
odel to 

represent am
ounts, relationships, 

relative scales (bigger, sm
aller), 

and/or patterns in the natural and 
designed w

orld(s).  
 

x Collaboratively develop and/or 
revise a m

odel based on evidence 
that show

s the relationships 
am

ong variables for frequent and 
regular occurring events.  

x Develop a m
odel using an analogy, 

exam
ple, or abstract 

representation to describe a 
scientific principle or design 
solution.  

x Develop and/or use m
odels to 

describe and/or predict 
phenom

ena.  
 

x Develop or m
odify a m

odel—
based on evidence – to 

m
atch w

hat happens if a variable or com
ponent of a 

system
 is changed.  

x U
se and/or develop a m

odel of sim
ple system

s w
ith 

uncertain and less predictable factors.  
x Develop and/or revise a m

odel to show
 the 

relationships am
ong variables, including those that 

are not observable but predict observable 
phenom

ena.  
x Develop and/or use a m

odel to predict and/or 
describe phenom

ena.  
x Develop a m

odel to describe unobservable 
m

echanism
s.  

 

x Develop, revise, and/or use a m
odel based on 

evidence to illustrate and/or predict the 
relationships betw

een system
s or betw

een 
com

ponents of a system
.  

x Develop and/or use m
ultiple types of m

odels to 
provide m

echanistic accounts and/or predict 
phenom

ena, and m
ove flexibly betw

een m
odel 

types based on m
erits and lim

itations.  
 

x Develop a sim
ple m

odel based on 
evidence to represent a proposed 
object or tool.  

 

x Develop a diagram
 or sim

ple 
physical prototype to convey a 
proposed object, tool, or process.  

x U
se a m

odel to test cause and 
effect relationships or interactions 
concerning the functioning of a 
natural or designed system

.  
 

x Develop and/or use a m
odel to generate data to test 

ideas about phenom
ena in natural or designed 

system
s, including those representing inputs and 

outputs, and those at unobservable scales.  
 

x Develop a com
plex m

odel that allow
s for 

m
anipulation and testing of a proposed process or 

system
.  

x Develop and/or use a m
odel (including 

m
athem

atical and com
putational) to generate data 

to support explanations, predict phenom
ena, 

analyze system
s, and/or solve problem

s.  
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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.  
 

 
 

 
K–2 Condensed Practices  

3–5 Condensed Practices  
6–8 Condensed Practices  

9–12 Condensed Practices  
Planning and carrying out investigations 
to answ

er questions or test solutions to 
problem

s in K–2 builds on prior 
experiences and progresses to sim

ple 
investigations, based on fair tests, w

hich 
provide data to support explanations or 
design solutions.  

Planning and carrying out investigations 
to answ

er questions or test solutions to 
problem

s 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.  

Planning and carrying out investigations 
in 6-8 builds on K-5 experiences and 
progresses to include investigations that 
use m

ultiple variables and provide 
evidence to support explanations or 
solutions.  

Planning and carrying out investigations in 9-12 builds on K-8 
experiences and progresses to include investigations that 
provide evidence for and test conceptual, m

athem
atical, 

physical, and em
pirical m

odels.  

x W
ith guidance, plan and conduct an 

investigation in collaboration w
ith 

peers (for K).  
x Plan and conduct an investigation 

collaboratively to produce data to 
serve as the basis for evidence to 
answ

er a question.  
 

x Plan and conduct an investigation 
collaboratively to produce data to 
serve as the basis for evidence, using 
fair tests in w

hich variables are 
controlled and the num

ber of trials 
considered.  

 

x Plan an investigation individually and 
collaboratively, and in the design: 
identify independent and dependent 
variables and controls, w

hat tools are 
needed to do the gathering, how

 
m

easurem
ents w

ill be recorded, and 
how

 m
any data are needed to support 

a claim
.  

x Conduct an investigation and/or 
evaluate and/or revise the 
experim

ental design to produce data 
to serve as the basis for evidence that 
m

eet the goals of the investigation.  
 

x Plan an investigation or test a design individually and 
collaboratively to produce data to serve as the basis for 
evidence as part of building and revising m

odels, supporting 
explanations for phenom

ena, or testing solutions to 
problem

s. Consider possible variables or effects and 
evaluate the confounding investigation’s design to ensure 
variables are controlled.  

x Plan and conduct an investigation individually and 
collaboratively to produce data to serve as the basis for 
evidence, and in the design: decide on types, how

 m
uch, 

and accuracy of data needed to produce reliable 
m

easurem
ents and consider lim

itations on the precision of 
the data (e.g., num

ber of trials, cost, risk, tim
e), and refine 

the design accordingly.  
x Plan and conduct an investigation or test a design solution 

in a safe and ethical m
anner including considerations of 

environm
ental, social, and personal im

pacts.  
x Evaluate different w

ays of observing 
and/or m

easuring a phenom
enon to 

determ
ine w

hich w
ay can answ

er a 
question.  

x Evaluate appropriate m
ethods and/or 

tools for collecting data.  
 

x Evaluate the accuracy of various 
m

ethods for collecting data.  
 

x Select appropriate tools to collect, record, analyze, and 
evaluate data.  

 

x M
ake observations (firsthand or from

 
m

edia) and/or m
easurem

ents to 
collect data that can be used to m

ake 
com

parisons.  
x M

ake observations (firsthand or from
 

m
edia) and/or m

easurem
ents of a 

proposed object or tool or solution to 
determ

ine if it solves a problem
 or 

m
eets a goal.  

x M
ake predictions based on prior 

experiences.  

x M
ake observations and/or 

m
easurem

ents to produce data to 
serve as the basis for evidence for an 
explanation of a phenom

enon or test 
a design solution.  

x M
ake predictions about w

hat w
ould 

happen if a variable changes.  
x Test tw

o different m
odels of the sam

e 
proposed object, tool, or process to 
determ

ine w
hich better m

eets criteria 
for success.  

x Collect data to produce data to serve 
as the basis for evidence to answ

er 
scientific questions or test design 
solutions under a range of conditions.  

x Collect data about the perform
ance of 

a proposed object, tool, process, or 
system

 under a range of conditions.  
 

x M
ake directional hypotheses that specify w

hat happens to a 
dependent variable w

hen an independent variable is 
m

anipulated.  
x M

anipulate variables and collect data about a com
plex 

m
odel of a proposed process or system

 to identify failure 
points or im

prove perform
ance relative to criteria for 

success or other variables.  
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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 proble m
 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. 
K–2 Condensed Practices  

3–5 Condensed Practices  
6–8 Condensed Practices  

9–12 Condensed Practices  
Analyzing data in K–2 builds on 
prior experiences and progresses 
to collecting, recording, and 
sharing observations.  

Analyzing data in 3–5 builds on K–2 
experiences and progresses to introducing 
quantitative approaches to collecting data and 
conducting m

ultiple trials of qualitative 
observations. W

hen possible and feasible, 
digital tools should be used.  

Analyzing data in 6–8 builds on K–5 experiences 
and progresses to extending quantitative analysis 
to investigations, distinguishing betw

een 
correlation and causation, and basic statistical 
techniques of data and error analysis.  

Analyzing data in 9–12 builds on K–8 experiences and 
progresses to introducing m

ore detailed statistical 
analysis, the com

parison of data sets for consistency, 
and the use of m

odels to generate and analyze data.  

x Record inform
ation 

(observations, thoughts, and 
ideas).  

x U
se and share pictures, 

draw
ings, and/or w

ritings of 
observations.  

x U
se observations (firsthand or 

from
 m

edia) to describe 
patterns and/or relationships 
in the natural and designed 
w

orld(s) in order to answ
er 

scientific questions and solve 
problem

s.  
x Com

pare predictions (based on 
prior experiences) to w

hat 
occurred (observable events).  

x Represent data in tables and/or various 
graphical displays (bar graphs, pictographs, 
and/or pie charts) to reveal patterns that 
indicate relationships.  

 

x Construct, analyze, and/or interpret graphical 
displays of data and/or large data sets to 
identify linear and nonlinear relationships.  

x U
se graphical displays (e.g., m

aps, charts, 
graphs, and/or tables) of large data sets to 
identify tem

poral and spatial relationships.  
x Distinguish betw

een causal and correlational 
relationships in data.  

x Analyze and interpret data to provide evidence 
for phenom

ena.  

x Analyze data using tools, technologies, and/or 
m

odels (e.g., com
putational, m

athem
atical) in order 

to m
ake valid and reliable scientific claim

s or 
determ

ine an optim
al design solution.  

 

x Analyze and interpret data to m
ake sense of 

phenom
ena, using logical reasoning, 

m
athem

atics, and/or com
putation.  

 

x Apply concepts of statistics and probability 
(including m

ean, m
edian, m

ode, and 
variability) to analyze and characterize data, 
using digital tools w

hen feasible.  

x Apply concepts of statistics and probability (including 
determ

ining function fits to data, slope, intercept, 
and correlation coefficient for linear fits) to scientific 
and engineering questions and problem

s, using 
digital tools w

hen feasible.  

 
 

x Consider lim
itations of data analysis (e.g., 

m
easurem

ent error), and/or seek to im
prove 

precision and accuracy of data w
ith better 

technological tools and m
ethods (e.g., m

ultiple 
trials).  

x Consider lim
itations of data analysis (e.g., 

m
easurem

ent error, sam
ple selection) w

hen 
analyzing and interpreting data.  

 

 
x different groups in order to discuss 

sim
ilarities and differences in their findings.  

x Analyze and interpret data to determ
ine 

sim
ilarities and differences in findings.  

 

x Com
pare and contrast various types of data sets 

(e.g., self-generated, archival) to exam
ine 

consistency of m
easurem

ents and observations.  
x Analyze data from

 tests of an 
object or tool to determ

ine if it 
w

orks as intended.  
 

x Analyze data to refine a problem
 statem

ent 
or the design of a proposed object, tool, or 
process.  

x U
se data to evaluate and refine design 

solutions.  
 

x Analyze data to define an optim
al operational 

range for a proposed object, tool, process or 
system

 that best m
eets criteria for success.  

 

x Evaluate the im
pact of new

 data on a w
orking 

explanation and/or m
odel of a proposed process or 

system
.  

x Analyze data to identify design features or 
characteristics of the com

ponents of a proposed 
process or system

 to optim
ize it relative to criteria 

for success.  

Science and Engineering Practices (SEP) Progressions (continued) 
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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; solving equations exactly or approxim
ately; 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.  
 K–2 Condensed Practices  

3–5 Condensed Practices  
6–8 Condensed Practices  

9–12 Condensed Practices  
M

athem
atical and com

putational 
thinking in K–2 builds on prior 
experience and progresses to 
recognizing that m

athem
atics can be 

used to describe the natural and 
designed w

orld(s).  

M
athem

atical and com
putational 

thinking in 3–5 builds on K–2 
experiences and progresses to 
extending quantitative m

easurem
ents 

to a variety of physical properties and 
using com

putation and m
athem

atics 
to analyze data and com

pare 
alternative design solutions.  

M
athem

atical and com
putational thinking in 6–8 builds 

on K–5 experiences and progresses to identifying 
patterns in large data sets and using m

athem
atical 

concepts to support explanations and argum
ents.  

M
athem

atical and com
putational thinking in 9-12 

builds on K-8 and experiences and progresses to using 
algebraic thinking and analysis, a range of linear and 
nonlinear functions including trigonom

etric functions, 
exponentials and logarithm

s, and com
putational tools 

for statistical analysis to analyze, represent, and m
odel 

data. Sim
ple com

putational sim
ulations are created 

and used based on m
athem

atical m
odels of basic 

assum
ptions.  

 
 

x Decide w
hen to use qualitative vs. quantitative data.  

x Decide if qualitative or quantitative data are best to 
determ

ine w
hether a proposed object or tool m

eets 
criteria for success.  

 
x U

se counting and num
bers to 

identify and describe patterns in 
the natural and designed w

orld(s).  
 

x O
rganize sim

ple data sets to reveal 
patterns that suggest relationships.  

 

x U
se digital tools (e.g., com

puters) to analyze very 
large data sets for patterns and trends.  

x Create and/or revise a com
putational m

odel or 
sim

ulation of a phenom
enon, designed device, 

process, or system
.  

 
x Describe, m

easure, and/or 
com

pare quantitative attributes of 
different objects and display the 
data using sim

ple graphs.  
 

x Describe, m
easure, estim

ate, 
and/or graph quantities such as 
area, volum

e, w
eight, and tim

e to 
address scientific and engineering 
questions and problem

s.  
 

x U
se m

athem
atical representations to describe 

and/or support scientific conclusions and design 
solutions.  

 

x U
se m

athem
atical, com

putational, and/or 
algorithm

ic representations of phenom
ena or 

design solutions to describe and/or support claim
s 

and/or explanations.  
 

x U
se quantitative data to com

pare 
tw

o alternative solutions to a 
problem

.  
 

x Create and/or use graphs and/or 
charts generated from

 sim
ple 

algorithm
s to com

pare alternative 
solutions to an engineering 
problem

.  
 

x Create algorithm
s (a series of ordered steps) to 

solve a problem
.  

x Apply m
athem

atical concepts and/or processes 
(such as ratio, rate, percent, basic operations, and 
sim

ple algebra) to scientific and engineering 
questions and problem

s.  
x U

se digital tools and/or m
athem

atical concepts and 
argum

ents to test and com
pare proposed solutions 

to an engineering design problem
.  

x Apply techniques of algebra and functions to 
represent and solve scientific and engineering 
problem

s.  
x U

se sim
ple lim

it cases to test m
athem

atical 
expressions, com

puter program
s, algorithm

s, or 
sim

ulations of a process or system
 to see if a m

odel 
“m

akes sense” by com
paring the outcom

es w
ith 

w
hat is know

n about the real w
orld.  

x Apply ratios, rates, percentages, and unit 
conversions in the context of com

plicated 
m

easurem
ent problem

s involving quantities w
ith 

derived or com
pound units (such as m

g/m
L, kg/m

3, 
acre-feet, etc.).  
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Constructing Explanations and Designing Solutions: The end-products of science are explanations and the end-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.  
 K–2 Condensed Practices  

3–5 Condensed Practices  
6–8 Condensed Practices  

9–12 Condensed Practices  
Constructing explanations and 
designing solutions in K–2 builds on 
prior experiences and progresses to 
the use of evidence and ideas in 
constructing evidence-based accounts 
of natural phenom

ena 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 phenom

ena 
and in designing m

ultiple solutions to 
design problem

s.  

Constructing explanations and designing solutions in 6–
8 builds on K–5 experiences and progresses to include 
constructing explanations and designing solutions 
supported by m

ultiple sources of evidence consistent 
w

ith scientific ideas, principles, and theories.  

Constructing explanations and designing solutions in 9–
12 builds on K–8 experiences and progresses to 
explanations and designs that are supported by 
m

ultiple and independent student-generated sources 
of evidence consistent w

ith scientific ideas, principles, 
and theories.  

x U
se inform

ation from
 observations 

(firsthand and from
 m

edia) to 
construct an evidence-based 
account for natural phenom

ena.  
 

x Construct an explanation of 
observed relationships (e.g., the 
distribution of plants in the back 
yard).  

 

x Construct an explanation that includes qualitative or 
quantitative relationships betw

een variables that 
predict(s) and/or describe(s) phenom

ena.  
x Construct an explanation using m

odels or 
representations. 

x M
ake a quantitative and/or qualitative claim

 
regarding the relationship betw

een dependent and 
independent variables.  

 

 
x U

se evidence (e.g., m
easurem

ents, 
observations, patterns) to 
construct or support an 
explanation or design a solution to 
a problem

.  
 

x Construct a scientific explanation based on valid and 
reliable evidence obtained from

 sources (including 
the students’ ow

n experim
ents) and the assum

ption 
that theories and law

s that describe the natural 
w

orld operate today as they did in the past and w
ill 

continue to do so in the future.  
x Apply scientific ideas, principles, and/or evidence to 

construct, revise and/or use an explanation for real-
w

orld phenom
ena, exam

ples, or events.  
 

x Construct and revise an explanation based on valid 
and reliable evidence obtained from

 a variety of 
sources (including students’ ow

n investigations, 
m

odels, theories, sim
ulations, peer review

) and the 
assum

ption that theories and law
s that describe the 

natural w
orld operate today as they did in the past 

and w
ill continue to do so in the future.  

x Apply scientific ideas, principles, and/or evidence to 
provide an explanation of phenom

ena and solve 
design problem

s, taking into account possible 
unanticipated effects.  

 
x Identify the evidence that supports 

particular points in an explanation.  
 

x Apply scientific reasoning to show
 w

hy the data or 
evidence is adequate for the explanation or 
conclusion.  

 

x Apply scientific reasoning, theory, and/or m
odels to 

link evidence to the claim
s to assess the extent to 

w
hich the reasoning and data support the 

explanation or conclusion.  
x U

se tools and/or m
aterials to 

design and/or build a device that 
solves a specific problem

 or a 
solution to a specific problem

.  
x Generate and/or com

pare m
ultiple 

solutions to a problem
.  

 

x Apply scientific ideas to solve 
design problem

s.  
x Generate and com

pare m
ultiple 

solutions to a problem
 based on 

how
 w

ell they m
eet the criteria 

and constraints of the design 
solution.  

 

x Apply scientific ideas or principles to design, 
construct, and/or test a design of an object, tool, 
process or system

.  
x U

ndertake a design project, engaging in the design 
cycle, to construct and/or im

plem
ent a solution that 

m
eets specific design criteria and constraints.  

x O
ptim

ize perform
ance of a design by prioritizing 

criteria, m
aking tradeoffs, testing, revising, and re-

testing.  

x Design, evaluate, and/or refine a solution to a 
com

plex real-w
orld problem

, based on scientific 
know

ledge, student-generated sources of evidence, 
prioritized criteria, and tradeoff considerations.  
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Engaging in Argum
ent from

 Evidence: Argum
entation is the process by w

hich evidence-based conclusions 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 evaluate claim

s. 
 K–2 Condensed Practices  

3–5 Condensed Practices  
6–8 Condensed Practices  

9–12 Condensed Practices  
Engaging in argum

ent from
 evidence in K–

2 builds on prior experiences and 
progresses to com

paring ideas and 
representations about the natural and 
designed w

orld(s).  

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).  

Engaging in argum
ent from

 evidence in 6–8 
builds on K–5 experiences and progresses to 
constructing a convincing argum

ent that 
supports or refutes claim

s for either 
explanations or solutions about the natural 
and designed w

orld(s).  

Engaging in argum
ent from

 evidence in 9–12 builds on K–
8 experiences and progresses to using appropriate and 
sufficient evidence and scientific reasoning to defend and 
critique claim

s and explanations about the natural and 
designed w

orld(s). Argum
ents m

ay also com
e from

 
current scientific or historical episodes in science.  

x Identify argum
ents that are supported 

by evidence.  
x Distinguish betw

een explanations that 
account for all gathered evidence and 
those that do not.  

x Analyze w
hy som

e evidence is relevant 
to a scientific question and som

e is not.  
x Distinguish betw

een opinions and 
evidence in one’s ow

n explanations.  

x Com
pare and refine argum

ents 
based on an evaluation of the 
evidence presented.  

x Distinguish am
ong facts, reasoned 

judgm
ent based on research 

findings, and speculation in an 
explanation.  

x Com
pare and critique tw

o argum
ents on 

the sam
e topic and analyze w

hether they 
em

phasize sim
ilar or different evidence 

and/or interpretations of facts.  

x Com
pare and evaluate com

peting argum
ents or design 

solutions in light of currently accepted explanations, 
new

 evidence, lim
itations (e.g., trade-offs), constraints, 

and ethical issues.  
x Evaluate the claim

s, evidence, and/or reasoning behind 
currently accepted explanations or solutions to 
determ

ine the m
erits of argum

ents.  

x Listen actively to argum
ents to indicate 

agreem
ent or disagreem

ent based on 
evidence, and/or to retell the m

ain 
points of the argum

ent.  
 

x  Respectfully provide and receive 
critiques from

 peers about a 
proposed procedure, explanation or 
m

odel.by citing relevant evidence 
and posing specific questions.  

 

x Respectfully provide and receive critiques 
about one’s explanations, procedures, 
m

odels and questions by citing relevant 
evidence and posing and responding to 
questions that elicit pertinent elaboration 
and detail.  

 

x  Respectfully provide and/or receive critiques on 
scientific argum

ents by probing reasoning and evidence 
and challenging ideas and conclusions, responding 
thoughtfully to diverse perspectives, and determ

ining 
w

hat additional inform
ation is required to resolve 

contradictions.  
 

x Construct an argum
ent w

ith evidence 
to support a claim

.  
 

x Construct and/or support an 
argum

ent w
ith evidence, data, 

and/or a m
odel.  

x U
se data to evaluate claim

s about 
cause and effect.  

 

x Construct, use, and/or present an oral and 
w

ritten argum
ent supported by em

pirical 
evidence and scientific reasoning to 
support or refute an explanation or a 
m

odel for a phenom
enon or a solution to a 

problem
.  

 

x Construct, use, and/or present an oral and w
ritten 

argum
ent or counter-argum

ents based on data and 
evidence.  

 

x M
ake a claim

 about the effectiveness of 
an object, tool, or solution that is 
supported by relevant evidence.  

 

x 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
.  

 

x M
ake an oral or w

ritten argum
ent that 

supports or refutes the advertised 
perform

ance of a device, process, or 
system

, based on em
pirical evidence 

concerning w
hether or not the technology 

m
eets relevant criteria and constraints.  

x Evaluate com
peting design solutions based 

on jointly developed and agreed-upon 
design criteria.  

x M
ake and defend a claim

 based on evidence about the 
natural w

orld or the effectiveness of a design solution 
that reflects scientific know

ledge, and student-
generated evidence.  

x Evaluate com
peting design solutions to a real-w

orld 
problem

 based on scientific ideas and principles, 
em

pirical evidence, and/or logical argum
ents regarding 

relevant factors (e.g. econom
ic, societal, 

environm
ental, ethical considerations).  
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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 obtain 

inform
ation that is used to evaluate the m

erit and validity of claim
s, m

ethods, and designs. 
 K–2 Condensed Practices  

3–5 Condensed Practices  
6–8 Condensed Practices  

9–12 Condensed Practices  
O

btaining, evaluating, and 
com

m
unicating inform

ation in K–2 
builds on prior experiences and uses 
observations and texts to 
com

m
unicate new

 inform
ation.  

O
btaining, evaluating, and com

m
unicating 

inform
ation in 3–5 builds on K–2 experiences 

and progresses to evaluating the m
erit and 

accuracy of ideas and m
ethods.  

O
btaining, evaluating, and com

m
unicating 

inform
ation in 6–8 builds on K–5 experiences 

and progresses to evaluating the m
erit and 

validity of ideas and m
ethods.  

O
btaining, evaluating, and com

m
unicating inform

ation 
in 9–12 builds on K–8 experiences and progresses to 
evaluating the validity and reliability of the claim

s, 
m

ethods, and designs.  

x Read grade-appropriate texts 
and/or use m

edia to obtain 
scientific and/or technical 
inform

ation to determ
ine patterns 

in and/or evidence about the 
natural and designed w

orld(s).  
 

x Read and com
prehend grade-appropriate 

com
plex texts and/or other reliable m

edia 
to sum

m
arize and obtain scientific and 

technical ideas and describe how
 they are 

supported by evidence.  
x Com

pare and/or com
bine across com

plex 
texts and/or other reliable m

edia to 
support the engagem

ent in other scientific 
and/or engineering practices.  

 

x Critically read scientific texts adapted for 
classroom

 use to determ
ine the central ideas 

and/or obtain scientific and/or technical 
inform

ation to describe patterns in and/or 
evidence about the natural and designed 
w

orld(s).  
 

x Critically read scientific literature adapted for 
classroom

 use to determ
ine the central ideas or 

conclusions and/or to obtain scientific and/or 
technical inform

ation to sum
m

arize com
plex 

evidence, concepts, processes, or inform
ation 

presented in a text by paraphrasing them
 in sim

pler 
but still accurate term

s.  
 

x Describe how
 specific im

ages (e.g., 
a diagram

 show
ing how

 a m
achine 

w
orks) support a scientific or 

engineering idea.  
 

x Com
bine inform

ation in w
ritten text w

ith 
that contained in corresponding tables, 
diagram

s, and/or charts to support the 
engagem

ent in other scientific and/or 
engineering practices.  

 

x Integrate qualitative and/or quantitative 
scientific and/or technical inform

ation in 
w

ritten text w
ith that contained in m

edia 
and visual displays to clarify claim

s and 
findings.  

 

x Com
pare, integrate and evaluate sources of 

inform
ation presented in different m

edia or form
ats 

(e.g., visually, quantitatively) as w
ell as in w

ords in 
order to address a scientific question or solve a 
problem

.  
 

x O
btain inform

ation using various 
texts, text features (e.g., headings, 
tables of contents, glossaries, 
electronic m

enus, icons), and other 
m

edia that w
ill be useful in 

answ
ering a scientific question 

and/or supporting a scientific 
claim

.  
 

x O
btain and com

bine inform
ation from

 
books and/or other reliable m

edia to 
explain phenom

ena or solutions to a 
design problem

.  
 

x Gather, read, synthesize inform
ation from

 
m

ultiple appropriate sources and assess the 
credibility, accuracy, and possible bias of 
each publication and m

ethods used, and 
describe how

 they are supported or not 
supported by evidence.  

x Evaluate data, hypotheses, and/or 
conclusions in scientific and technical texts in 
light of com

peting inform
ation or accounts.  

 

x Gather, read, and evaluate scientific and/or 
technical inform

ation from
 m

ultiple authoritative 
sources, assessing the evidence and usefulness of 
each source.  

x Evaluate the validity and reliability of and/or 
synthesize m

ultiple claim
s, m

ethods, and/or designs 
that appear in scientific and technical texts or m

edia 
reports, verifying the data w

hen possible.  
 

x Com
m

unicate inform
ation or 

design ideas and/or solutions w
ith 

others in oral and/or w
ritten form

s 
using m

odels, draw
ings, w

riting, or 
num

bers that provide detail about 
scientific ideas, practices, and/or 
design ideas.  

x Com
m

unicate scientific and/or technical 
inform

ation orally and/or in w
ritten 

form
ats, including various form

s of m
edia 

and m
ay include tables, diagram

s, and 
charts.  

 

x  
x inform

ation (e.g. about a proposed object, 
tool, process, system

) in w
riting and/or 

through oral presentations.  
 

x Com
m

unicate scientific and/or technical 
inform

ation or ideas (e.g. about phenom
ena and/or 

the process of developm
ent and the design and 

perform
ance of a proposed process or system

) in 
m

ultiple form
ats (including orally, graphically, 

textually, and m
athem

atically).  
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