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A Framework for K-12 Science Education

Three Dimensions of the Framework
(Book p3, PDF p18)

|. Scientific and Engineering Practices: Standards of Science Practice

Eight Standards of Science Practice (Section 3) (42, 57)
1. Asking Questions & Defining Problems (54, 69)

Developing and Using Models (56, 71)

Planning and Carrying Out Investigations (59, 74)

Analyzing and Interpreting Data (61, 76)

Using Mathematics, Information & Computer technology, and Computational Thinking (64, 79)
Constructing Explanations and Designing Solutions (67, 82)

Engaging in Argument from Evidence (71, 86)

Obtaining, Evaluating, and Communicating Information (74, 89)
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I1. Crosscutting Concepts: Those having applicability across science disciplines

Seven Crosscutting Concepts of the Framework (Section 4) (84, 99)
Patterns (85, 100)

Cause and effect (87, 102)

Scale, proportion, and quantity (89, 104)

Systems and system models (91, 106)

Energy and matter (94, 109)

Structure and function (96, 111)

Stability and change (98, 113)

NogakrowdpE

I11. 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 ldea PS1: Matter and its Interactions (106, 121)
-PS1.A Structure and Properties of Matter
-PS1.B Chemical Reactions
-PS1.C Nuclear Processes
» Core ldea 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 ldea 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 ldea 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 ldea 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 ldea 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 ldea 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 LargeOScale 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 ldea 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 ldea 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.




Practice 1 Asking Questions and Defining Problems

Questions are the engine that drive science and engineering. EKDlU ég'TEB%E
Science asks R
e  What exists and what happens?
e  Why does it happen?
e How does one know?
Engineering asks
e  What can be done to address a particular human need or want?
e How can the need be better specified?
e  What tools and technologies are available, or could be developed, for addressing this need?
Both science and engineering ask
e How does one communicate about phenomena, evidence, explanations, and design solutions?

Asking questions is essential to developing scientific habits of mind. Even for individuals who do not become
scientists or engineers, the ability to ask well defined questions is an important component of science literacy,
helping to make them critical consumers of scientific knowledge.

Scientific questions arise in a variety of ways. They can be driven by curiosity about the world (e.g., Why is
the sky blue?). They can be inspired by a model’s or theory’s predictions or by attempts to extend or refine a
model or theory (e.g., How does the particle model of matter explain the incompressibility of liquids?). Or they
can result from the need to provide better solutions to a problem. For example, the question of why it is
impossible to siphon water above a height of 32 feet led Evangelista Torricelli (17th-century inventor of the
barometer) to his discoveries about the atmosphere and the identification of a vacuum.

Questions are also important in engineering. Engineers must be able to ask probing questions in order to define
an engineering problem. For example, they may ask: What is the need or desire that underlies the problem?
What are the criteria (specifications) for a successful solution? What are the constraints? Other questions arise
when generating possible solutions: Will this solution meet the design criteria? Can two or more ideas be
combined to produce a better solution? What are the possible trade-offs? And more questions arise when
testing solutions: Which ideas should be tested? What evidence is needed to show which idea is optimal under
the given constraints?

The experience of learning science and engineering should therefore develop students’ ability to ask—and
indeed, encourage them to ask—well-formulated questions that can be investigated empirically. Students also
need to recognize the distinction between questions that can be answered empirically and those that are
answerable only in other domains of knowledge or human experience.

GOALS
By grade 12, students should be able to

e Ask questions about the natural and human-built worlds—for example: Why are there seasons? What
do bees do? Why did that structure collapse? How is electric power generated?

e Distinguish a scientific question (e.g., Why do helium balloons rise?) from a nonscientific question
(Which of these colored balloons is the prettiest?).

e Formulate and refine questions that can be answered empirically in a science classroom and use them
to design an inquiry or construct a pragmatic solution.

e Ask probing questions that seek to identify the premises of an argument, request further elaboration,
refine a research question or engineering problem, or challenge the interpretation of a data set—for
example: How do you know? What evidence supports that argument?

e Note features, patterns, or contradictions in observations and ask questions about them.

e For engineering, ask questions about the need or desire to be met in order to define constraints and
specifications for a solution.



PROGRESSION

Students at any grade level should be able to ask questions of each other about the texts they read, the features
of the phenomena they observe, and the conclusions they draw from their models or scientific investigations.
For engineering, they should ask questions to define the problem to be solved and to elicit ideas that lead to the
constraints and specifications for its solution. As they progress across the grades, their questions should
become more relevant, focused, and sophisticated. Facilitating such evolution will require a classroom culture
that respects and values good questions, that offers students opportunities to refine their questions and
questioning strategies, and that incorporates the teaching of effective questioning strategies across all grade
levels. As a result, students will become increasingly proficient at posing questions that request relevant
empirical evidence; that seek to refine a model, an explanation, or an engineering problem; or that challenge
the premise of an argument or the suitability of a design.



Practice 2 Developing and Using Models

Scientists construct mental and conceptual models of phenomena. Mental models are
internal, personal, idiosyncratic, incomplete, unstable, and essentially functional. They EOLCRION
serve the purpose of being a tool for thinking with, making predictions, and making sense
of experience. Conceptual models, the focus of this section, are, in contrast, explicit
representations that are in some ways analogous to the phenomena they represent.
Conceptual models allow scientists and engineers to better visualize and understand a
phenomenon under investigation or develop a possible solution to a design problem. Used in science and
engineering as either structural, functional, or behavioral analogs, albeit simplified, conceptual models include
diagrams, physical replicas, mathematical representations, analogies, and computer simulations. Although they
do not correspond exactly to the more complicated entity being modeled, they do bring certain features into
focus while minimizing or obscuring others. Because all models contain approximations and assumptions that
limit the range of validity of their application and the precision of their predictive power, it is important to
recognize their limitations.

K-12 SCIENCE

Conceptual models are in some senses the external articulation of the mental models that scientists hold and
are strongly interrelated with mental models. Building an understanding of models and their role in science
helps students to construct and revise mental models of phenomena. Better mental models, in turn, lead to a
deeper understanding of science and enhanced scientific reasoning.

Scientists use models (from here on, for the sake of simplicity, we use the term “models” to refer to conceptual
models rather than mental models) to represent their current understanding of a system (or parts of a system)
under study, to aid in the development of questions and explanations, and to communicate ideas to others [13].
Some of the models used by scientists are mathematical; for example, the ideal gas law is an equation derived
from the model of a gas as a set of point masses engaged in perfectly elastic collisions with each other and the
walls of the container—which is a simplified model based on the atomic theory of matter. For more complex
systems, mathematical representations of physical systems are used to create computer simulations, which
enable scientists to predict the behavior of otherwise intractable systems—for example, the effects of
increasing atmospheric levels of carbon dioxide on agriculture in different regions of the world. Models can be
evaluated and refined through an iterative cycle of comparing their predictions with the real world and then
adjusting them, thereby potentially yielding insights into the phenomenon being modeled.

Engineering makes use of models to analyze existing systems; this allows engineers to see where or under
what conditions flaws might develop or to test possible solutions to a new problem. Engineers also use models
to visualize a design and take it to a higher level of refinement, to communicate a design’s features to others,
and as prototypes for testing design performance. Models, particularly modern computer simulations that
encode relevant physical laws and properties of materials, can be especially helpful both in realizing and
testing designs for structures, such as buildings, bridges, or aircraft, that are expensive to construct and that
must survive extreme conditions that occur only on rare occasions. Other types of engineering problems also
benefit from use of specialized computer-based simulations in their design and testing phases. But as in
science, engineers who use models must be aware of their intrinsic limitations and test them against known
situations to ensure that they are reliable.



GOALS
By grade 12, students should be able to

o Construct drawings or diagrams as representations of events or systems—for example, draw a picture
of an insect with labeled features, represent what happens to the water in a puddle as it is warmed by
the sun, or represent a simple physical model of a real-world object and use it as the basis of an
explanation or to make predictions about how the system will behave in specified circumstances.

e Represent and explain phenomena with multiple types of models—for example, represent molecules
with 3-D models or with bond diagrams—and move flexibly between model types when different
ones are most useful for different purposes.

e 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 improved to better fit available evidence or better
reflect a design’s specifications. Refine a model in light of empirical evidence or criticism to improve
its quality and explanatory power.

e 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.

e Make and use a model to test a design, or aspects of a design, and to compare the effectiveness of
different design solutions.

PROGRESSION

Modeling can begin in the earliest grades, with students’ models progressing from concrete “pictures” and/or
physical scale models (e.g., a toy car) to more abstract representations of relevant relationships in later grades,
such as a diagram representing forces on a particular object in a system. Students should be asked to use
diagrams, maps, and other abstract models as tools that enable them to elaborate on their own ideas or findings
and present them to others [15]. Young students should be encouraged to devise pictorial and simple graphical
representations of the findings of their investigations and to use these models in developing their explanations
of what occurred.

More sophisticated types of models should increasingly be used across the grades, both in instruction and
curriculum materials, as students progress through their science education. The quality of a student-developed
model will be highly dependent on prior knowledge and skill and also on the student’s understanding of the
system being modeled, so students should be expected to refine their models as their understanding develops.
Curricula will need to stress the role of models explicitly and provide students with modeling tools (e.g.,
Model-It, agent-based modeling such as NetLogo, spreadsheet models), so that students come to value this
core practice and develop a level of facility in constructing and applying appropriate models.



Practice 3 Planning and Carrying Out Investigations

Scientists and engineers investigate and observe the world with essentially two goals: (1) to
systematically describe the world and (2) to develop and test theories and explanations of how
the world works. In the first, careful observation and description often lead to identification of
features that need to be explained or questions that need to be explored.

The second goal requires investigations to test explanatory models of the world and their

predictions and whether the inferences suggested by these models are supported by data. Planning and
designing such investigations require the ability to design experimental or observational inquiries that are
appropriate to answering the question being asked or testing a hypothesis that has been formed. This process
begins by identifying the relevant variables and considering how they might be observed, measured, and
controlled (constrained by the experimental design to take particular values).

Planning for controls is an important part of the design of an investigation. In laboratory experiments, it is
critical to decide which variables are to be treated as results or outputs and thus left to vary at will and which
are to be treated as input conditions and hence controlled. In many cases, particularly in the case of field
observations, such planning involves deciding what can be controlled and how to collect different samples of
data under different conditions, even though not all conditions are under the direct control of the investigator.

Decisions must also be made about what measurements should be taken, the level of accuracy required, and the
kinds of instrumentation best suited to making such measurements. As in other forms of inquiry, the key issue
is one of precision—the goal is to measure the variable as accurately as possible and reduce sources of error.
The investigator must therefore decide what constitutes a sufficient level of precision and what techniques can
be used to reduce both random and systematic error.

GOALS
By grade 12, students should be able to
e Formulate a question that can be investigated within the scope of the classroom, school laboratory, or
field with available resources and, when appropriate, frame a hypothesis (that is, a possible
explanation that predicts a particular and stable outcome) based on a model or theory.
e Decide what data are to be gathered, what tools are needed to do the gathering, and how
measurements will be recorded.
e Decide how much data are needed to produce reliable measurements and consider any limitations on
the precision of the data.
e Plan experimental or field-research procedures, identifying relevant independent and dependent
variables and, when appropriate, the need for controls.
e Consider possible confounding variables or effects and ensure that the investigation’s design has
controlled for them.



PROGRESSION

Students need opportunities to design investigations so that they can learn the importance of such decisions as
what to measure, what to keep constant, and how to select or construct data collection instruments that are
appropriate to the needs of an inquiry. They also need experiences that help them recognize that the laboratory
is not the sole domain for legitimate scientific inquiry and that, for many scientists (e.g., earth scientists,
ethologists, ecologists), the “laboratory” is the natural world where experiments are conducted and data are
collected in the field.

In the elementary years, students’ experiences should be structured to help them learn to define the features to
be investigated, such as patterns that suggest causal relationships (e.g., What features of a ramp affect the
speed of a given ball as it leaves the ramp?). The plan of the investigation, what trials to make and how to
record information about them, then needs to be refined iteratively as students recognize from their
experiences the limitations of their original plan. These investigations can be enriched and extended by linking
them to engineering design projects—for example, how can students apply what they have learned about
ramps to design a track that makes a ball travel a given distance, go around a loop, or stop on an uphill slope.
From the earliest grades, students should have opportunities to carry out careful and systematic investigations,
with appropriately supported prior experiences that develop their ability to observe and measure and to record
data using appropriate tools and instruments.

Students should have opportunities to plan and carry out several different kinds of investigations during their
K-12 years. At all levels, they should engage in investigations that range from those structured by the
teacher—in order to expose an issue or question that they would be unlikely to explore on their own (e.g.,
measuring specific properties of materials)—to those that emerge from students’ own questions. As they
become more sophisticated, students also should have opportunities not only to identify questions to be
researched but also to decide what data are to be gathered, what variables should be controlled, what tools or
instruments are needed to gather and record data in an appropriate format, and eventually to consider how to
incorporate measurement error in analyzing data. Older students should be asked to develop a hypothesis that
predicts a particular and stable outcome and to explain their reasoning and justify their choice. By high school,
any hypothesis should be based on a well-developed model or theory. In addition, students should be able to
recognize that it is not always possible to control variables and that other methods can be used in such cases—
for example, looking for correlations (with the understanding that correlations do not necessarily imply
causality).



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.

« ldentify 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 g
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.

« ldentify 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 | « Make predictions about what « Collect data about the « Manipulate variables and collect data

from media) and/or would happen if a variable performance of a proposed about a complex model of a proposed
measurements of a proposed changes. object, tool, process, or system process or system to identify failure
object or tool or solution to « Test two different models of under a range of conditions. points or improve performance relative to
determine if it solves a problem the same proposed object, criteria for success or other variables.
or meets a goal. tool, or process to determine

« Make predictions based on prior which better meets criteria for

experiences. success.
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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 A FRAMEWORK FOR
. . . K-12 SCIENCE

4) Analyzing and interpreting data EDUCATION

Practices, Crosscutting Concepts, and Core Ideas

6) Constructing explanations and designing solutions
7) Engaging in argument from evidence
8) Obtaining, evaluating, and communicating information

(I IR W Iy Iy Oy Wy

)
)
)
5) Using mathematics and computational thinking
)
)
)

Summary of lesson including how practices were incorporated:

Reflection: (What worked well, what would you change if anything, etc.)




