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A Framework for K-12 Science Education 
Three Dimensions of the Framework  

(Book p3, PDF p18) 
 

I.  Scientific and Engineering Practices: Standards of Science Practice 
 

Eight Standards of Science Practice (Section 3) (42, 57) 
1. Asking Questions & Defining Problems (54, 69) 
2. Developing and Using Models (56, 71) 
3. Planning and Carrying Out Investigations (59, 74) 
4. Analyzing and Interpreting Data (61, 76) 
5. Using Mathematics, Information & Computer technology, and Computational Thinking (64, 79) 
6. Constructing Explanations and Designing Solutions (67, 82) 
7. Engaging in Argument from Evidence (71, 86) 
8. Obtaining, Evaluating, and Communicating Information (74, 89) 

II. Crosscutting Concepts: Those having applicability across science disciplines 
 

Seven Crosscutting Concepts of the Framework (Section 4) (84, 99) 
1.  Patterns (85, 100) 
2.  Cause and effect (87, 102) 
3.  Scale, proportion, and quantity (89, 104) 
4.  Systems and system models (91, 106) 
5.  Energy and matter (94, 109) 
6.  Structure and function (96, 111) 
7.  Stability and change (98, 113) 
 

III.  Disciplinary Core Ideas: Describes the core ideas of Physical, Life, Earth & Space 
Sciences, and of the relationships among Science, Engineering and Technology. 

 

Physical Science Section 5 (103, 118) 
 Core Idea PS1: Matter and its Interactions (106, 121) 
 -PS1.A  Structure and Properties of Matter 
 -PS1.B  Chemical Reactions 
 -PS1.C  Nuclear Processes 
 Core Idea PS2:  Motion and Stability:  Forces and Interactions (113, 128) 
 -PS2.A  Forces and Motion 
 -PS2.B  Types of Interactions 
 -PS2.C  Stability and Instability in Physical Systems 
 Core Idea PS3:  Energy (120, 135) 
 -PS3.A  Definition of Energy 
 -PS3.B  Conservation of Energy and Energy Transfer 
 -PS3.C  Relationship Between Energy and Forces 
 -PS3.D  Energy in Chemical Processes and Everyday Life 
 Core Idea PS4:  Waves & Applications in Technologies for Information Transfer (130, 145) 
 -PS4.A  Wave Properties 
 -PS4.B  Electromagnetic Radiation 
 -PS4.C  Information Technologies and Instrumentation 



Life Sciences (Section 6) (139, 154) 
 Core Idea LS1:  From Molecules to Organisms:  Structures and Processes (143, 158) 
 -LS1.A  Structure and Function 
 -LS1.B  Growth and Development of Organisms 
 -LS1.C  Organization for Matter and Energy Flow in Organisms 
 -LS1.D  Information Processing 
 Core Idea LS2:  Ecosystems:  Interaction, Energy, and Dynamics (150, 165) 
 -LS2.A  Interdependent Relationships in Ecosystems 
 -LS2.B  Cycles of Matter and Energy Transfer in Ecosystems 
 -LS2.C  Ecosystems Dynamics, Functioning, and Resilience 
 -Ls2.D  Social Interactions and Group Behavior 
 Core Idea LS2:  Heredity:  Inheritance and Variation of Traits (157, 172) 
 -LS3.A  Inheritance of Traits 
 -LS3.B  Variation of Traits 
 Core Idea LS4:  Biological Evolution:  Unity and Diversity (161, 176) 
 -LS4.A  Evidence of Common Ancestry and Diversity 
 -LS4.B  Natural Selection 
 -LS4.C  Adaptation 
 -LS4.D  Biodiversity and Humans 
 

Earth and Space Sciences  (Section 7) (169, 184) 
 Core Idea ESS1:  Earth's Place in the Universe (173, 188) 
 -ESS1.A  The Universe and Its Stars 
 -ESS1.B  Earth and the Solar System 
 -ESS1.C  The History of Planet Earth 
 Core Idea ESS2:  Earth's Systems (179, 194) 
 -ESS2.A  Earth Materials and Systems 
 -ESS2.B  Plate Tectonics and Large0Scale System Interactions 
 -ESS2.C  The Roles of Water in Earth's Surface Processes 
 -ESS2.D  Weather and Climate 
 -ESS2.E  Biogeology 
 Core Idea ESS3:  Earth and Human Activity (190, 205) 
 -ESS3.A  Natural Resources 
 -ESS3.B  Natural Hazards 
 -ESS3.C  Human Impacts on Earth Systems 
 -ESS3.D  Global Climate Change 
 

Engineering, Technology, and Applications of Science  (Section 8) (201, 216) 
 Core Idea ETS1:  Engineering Design (204, 219) 
 -ETS1.A  Defining and Delimiting and Engineering Problem 
 -ETS1.B  Developing Possible Solutions 
 -ETS1.C  Optimizing the Design Solution 
 Core Idea ETS2:  Links Among Engineering, Technology, Science and Society (210, 225) 
 -ETS2A.  Interdependence of Science, Engineering, and Technology 
 -ETS2.B  Influence of Engineering, Technology and Science on Society & Natural World 
 

Integrating the Three Dimensions (Section 9) (217, 232) 
 

This framework is a multiyear progression that deepens understanding of crosscutting concepts and 
disciplinary core ideas.  All three dimensions need to be integrated into the system of standards, 
curriculum, instruction, and assessment. There is no single approach on how to integrate these 
dimensions and examples of how it can be achieved are needed.  















Science and 
Engineering Practices 

 

K–2 Condensed Practices 
 

3–5 Condensed Practices 
 

6–8 Condensed Practices 
 

9–12 Condensed Practices 

Asking Questions and 
Defining Problems 

 
A practice of science is to ask 
and refine questions that lead 
to descriptions and 
explanations of how the 
natural and designed world(s) 
works and which can be 
empirically tested. 

 
Engineering questions clarify 
problems to determine 
criteria for successful 
solutions and identify 
constraints to solve problems 
about the designed world. 

 
Both scientists and engineers 
also ask questions to clarify 
ideas. 

Asking questions and defining 
problems in K–2 builds on prior 
experiences and progresses to 
simple descriptive questions that 
can be tested. 

Asking questions and defining 
problems in 3–5 builds on K–2 
experiences and progresses to 
specifying qualitative 
relationships. 

Asking questions and defining 
problems in 6–8 builds on K–5 
experiences and progresses to 
specifying relationships between 
variables, clarify arguments and 
models. 

Asking questions and defining 
problems in 9–12 builds on K–8 
experiences and progresses 
to formulating, refining, and 
evaluating empirically testable 
questions and design problems 
using models and simulations. 

•   Ask questions based on 
observations to find more 
information about the natural 
and/or designed world(s). 

•   Ask questions about what 
would happen if a variable is 
changed. 

•   Ask questions 
o that arise from careful 

observation of phenomena, 
models, or unexpected results, to 
clarify and/or seek additional 
information. 

o to identify and/or clarify evidence 
and/or the premise(s) of an 
argument. 

o to determine relationships 
between independent and 
dependent variables and 
relationships in models.. 

o to clarify and/or refine a model, 
an explanation, or an engineering 
problem. 

•   Ask questions 
o that arise from careful 

observation of phenomena, or 
unexpected results, to clarify 
and/or seek additional 
information. 

o that arise from examining 
models or a theory, to clarify 
and/or seek additional 
information and relationships. 

o to determine relationships, 
including quantitative 
relationships, between 
independent and dependent 
variables. 

o to clarify and refine a model, 
an explanation, or an 
engineering problem. 

•   Ask and/or identify questions 
that can be answered by an 
investigation. 

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

•   Ask questions that can be 
investigated and predict 
reasonable outcomes based on 
patterns such as cause and 
effect relationships. 

•   Ask questions that require sufficient 
and appropriate empirical evidence 
to answer. 

•   Ask questions that can be 
investigated within the scope of the 
classroom, outdoor environment, 
and museums and other public 
facilities with available resources 
and, when appropriate, frame a 
hypothesis based on observations 
and scientific principles. 

•   Evaluate a question to determine 
if it is testable and relevant. 

•   Ask questions that can be 
investigated within the scope of 
the school laboratory, research 
facilities, or field (e.g., outdoor 
environment) with available 
resources and, when 
appropriate, frame a hypothesis 
based on a model or theory. 

  •   Ask questions that challenge the 
premise(s) of an argument or the 
interpretation of a data set. 

•   Ask and/or evaluate questions 
that challenge the premise(s) of 
an argument, the interpretation 
of a data set, or the suitability of a 
design. 

 



 

     
•   Define a simple problem that 

can be solved through the 
development of a new or 
improved object or tool. 

•   Use prior knowledge to 
describe problems that can be 
solved. 

•   Define a simple design problem 
that can be solved through the 
development of an object, tool, 
process, or system and 
includes several criteria for 
success and constraints on 
materials, time, or cost. 

•   Define a design problem that can be 
solved through the development of 
an object, tool, process or system 
and includes multiple criteria and 
constraints, including scientific 
knowledge that may limit possible 
solutions. 

•   Define a design problem that 
involves the development of a 
process or system with 
interacting components and 
criteria and constraints that may 
include social, technical and/or 
environmental considerations. 

 

  



 

Science and 
Engineering Practices 

 

K–2 Condensed Practices 
 

3–5 Condensed Practices 
 

6–8 Condensed Practices 
 

9–12 Condensed Practices 

Developing and Using 
Models 

 
 
A practice of both science 
and engineering is to use 
and construct models as 
helpful tools for representing 
ideas and explanations. 
These tools include 
diagrams, drawings, physical 
replicas, mathematical 
representations, analogies, 
and computer simulations. 

 
 
Modeling tools are used to 
develop questions, 
predictions and explanations; 
analyze and identify flaws in 
systems; and communicate 
ideas. Models are used to 
build and revise scientific 
explanations and proposed 
engineered systems. 
Measurements and 
observations are used to 
revise models and designs. 

Modeling in K–2 builds on prior 
experiences and progresses to 
include using and developing 
models (i.e., diagram, drawing, 
physical replica, diorama, 
dramatization, or storyboard) that 
represent concrete events or 
design solutions. 

Modeling in 3–5 builds on K–2 
experiences and progresses to 
building and revising simple models 
and using models to represent 
events and design solutions. 

Modeling in 6–8 builds on K–5 
experiences and progresses to 
developing, using, and revising 
models to describe, test, and predict 
more abstract phenomena and 
design systems. 

Modeling in 9–12 builds on K–8 
experiences and progresses to using, 
synthesizing, and developing models 
to predict and show relationships 
among variables between systems 
and their components in the natural 
and designed world(s). 

•   Distinguish between a model 
and the actual object, process, 
and/or events the model 
represents. 

•   Compare models to identify 
common features and 
differences. 

•   Identify limitations of models. •   Evaluate limitations of a model for 
a proposed object or tool. 

•   Evaluate merits and limitations of 
two different models of the same 
proposed tool, process, mechanism, 
or system in order to select or 
revise a model that best fits the 
evidence or design criteria. 

•   Design a test of a model to 
ascertain its reliability. 

•   Develop and/or use a model to 
represent amounts, 
relationships, relative scales 
(bigger, smaller), and/or 
patterns in the natural and 
designed world(s). 

•   Collaboratively develop and/or 
revise a model based on evidence 
that shows the relationships 
among variables for frequent and 
regular occurring events. 

•   Develop a model using an 
analogy, example, or abstract 
representation to describe a 
scientific principle or design 
solution. 

•   Develop and/or use models to 
describe and/or predict 
phenomena. 

•   Develop or modify a model—based 
on evidence – to match what 
happens if a variable or 
component of a system is 
changed. 

•   Use and/or develop a model of 
simple systems with uncertain and 
less predictable factors. 

•   Develop and/or revise a model to 
show the relationships among 
variables, including those that are 
not observable but predict 
observable phenomena. 

•   Develop and/or use a model to 
predict and/or describe 
phenomena. 

•   Develop a model to describe 
unobservable mechanisms. 

•   Develop, revise, and/or use a model 
based on evidence to illustrate 
and/or predict the relationships 
between systems or between 
components of a system. 

•   Develop and/or use multiple types 
of models to provide mechanistic 
accounts and/or predict 
phenomena, and move flexibly 
between model types based on 
merits and limitations. 

 •   Develop a simple model based 
on evidence to represent a 
proposed object or tool. 

•   Develop a diagram or simple 
physical prototype to convey a 
proposed object, tool, or process. 

•   Use a model to test cause and 
effect relationships or interactions 
concerning the functioning of a 
natural or designed system. 

•   Develop and/or use a model to 
generate data to test ideas about 
phenomena in natural or designed 
systems, including those 
representing inputs and outputs, 
and those at unobservable scales. 

•   Develop a complex model that 
allows for manipulation and testing 
of a proposed process or system. 

•   Develop and/or use a model 
(including mathematical and 
computational) to generate data to 
support explanations, predict 
phenomena, analyze systems, 
and/or solve problems. 



 
Science and 

Engineering Practices 

 

K–2 Condensed Practices 
 

3–5 Condensed Practices 
 

6–8 Condensed Practices 
 

9–12 Condensed Practices 

Planning and Carrying 
Out Investigations 

 
 
Scientists and engineers 
plan and carry out 
investigations in the field or 
laboratory, working 
collaboratively as well as 
individually. Their 
investigations are 
systematic and require 
clarifying what counts as 
data and identifying 
variables or parameters. 

 
 
Engineering investigations 
identify the effectiveness, 
efficiency, and durability of 
designs under different 
conditions. 

Planning and carrying out 
investigations to answer questions 
or test solutions to problems in K– 
2 builds on prior experiences and 
progresses to simple 
investigations, based on fair tests, 
which provide data to support 
explanations or design solutions. 

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. 

Planning and carrying out 
investigations in 6-8 builds on K-5 
experiences and progresses to 
include investigations that use 
multiple 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, 
mathematical, physical, and empirical 
models. 

•   With guidance, plan and 
conduct an investigation in 
collaboration with peers (for K). 

•   Plan and conduct an 
investigation collaboratively to 
produce data to serve as the 
basis for evidence to answer a 
question. 

•   Plan and conduct an 
investigation collaboratively to 
produce data to serve as the 
basis for evidence, using fair 
tests in which variables are 
controlled and the number of 
trials considered. 

•   Plan an investigation individually 
and collaboratively, and in the 
design: identify independent and 
dependent variables and controls, 
what tools are needed to do the 
gathering, how measurements 
will be recorded, and how many 
data are needed to support a 
claim. 

•   Conduct an investigation and/or 
evaluate and/or revise the 
experimental design to produce 
data to serve as the basis for 
evidence that meet the goals of 
the investigation. 

•   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 models, 
supporting explanations for phenomena, 
or testing solutions to problems. Consider 
possible confounding variables or effects 
and evaluate the investigation’s design to 
ensure variables are controlled. 

•   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 
much, and accuracy of data needed to 
produce reliable measurements and 
consider limitations on the precision of 
the data (e.g., number of trials, cost, risk, 
time), and refine the design accordingly. 

•   Plan and conduct an investigation or test 
a design solution in a safe and ethical 
manner including considerations of 
environmental, social, and personal 
impacts. 

•   Evaluate different ways of 
observing and/or measuring a 
phenomenon to determine 
which way can answer a 
question. 

•   Evaluate appropriate methods 
and/or tools for collecting 
data. 

•   Evaluate the accuracy of various 
methods for collecting data. 

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

•   Make observations 
(firsthand or from media) 
and/or measurements to 
collect data that can be 
used to make comparisons. 

 

•   Make observations and/or 
measurements to produce data 
to serve as the basis for evidence 
for an explanation of 
a phenomenon or test a design 
solution. 
 

•   Collect data to produce data to 
serve as the basis for evidence to 
answer scientific questions or test 
design solutions under a range of 
conditions. 
 

•   Make directional hypotheses that specify 
what happens to a dependent variable 
when an independent variable is 
manipulated. 
 



 
 
 
 •   Make observations (firsthand or 

from media) and/or 
measurements of a proposed 
object or tool or solution to 
determine if it solves a problem 
or meets a goal. 

•   Make predictions based on prior 
experiences. 

•   Make predictions about what 
would happen if a variable 
changes. 

•   Test two different models of 
the same proposed object, 
tool, or process to determine 
which better meets criteria for 
success. 

•   Collect data about the 
performance of a proposed 
object, tool, process, or system 
under a range of conditions. 

•   Manipulate variables and collect data 
about a complex model of a proposed 
process or system to identify failure 
points or improve performance relative to 
criteria for success or other variables. 

 



Science & Engineering Practices 
Implementation 

Rogers Public Schools -- 2013-2104 
Lesson title:_______________________________ Date:________________ 
School:_________________Content: __________________Grade:________ 
Name_______________________ Email_____________________________ 
 

Science & Engineering Practices: (check practices  used) 
 1) Asking questions and defining problems 
 2) Developing and using models 
 3) Planning and carrying out investigations 
 4) Analyzing and interpreting data 
 5) Using mathematics and computational thinking 
 6) Constructing explanations and designing solutions 
 7) Engaging in argument from evidence 
 8) Obtaining, evaluating, and communicating information 
 

Summary of lesson including how practices were incorporated: 
______________________________________________________________ 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
______________________________________________________________ 
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
Reflection:  (What worked well, what would you change if anything, etc.) 
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________ 


