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Workshop Presenters

David Heil, President, David Heil & Associates, Inc., dheil@davidheil.com

David Heil, President of David Heil & Associates, Inc., (DHA) is well known as an innovative educator, author, and host of the Emmy-Award winning PBS science
series, Newton’s Apple. Active in promoting public understanding of science for over 30 years, he is a frequent conference and workshop presenter on science,
technology, engineering, and mathematics (STEM) education, and his firm provides research and evaluation services for a broad range of government,
corporate, non-profit and university clients. Heil is a co-author of Family Engineering: An Activity and Event Planning Guide, and serves as a member-at-large on
the Executive Committee of ASEE’s K-12 Division.

Shannon McManus, Senior Professional Development Associate, Engineering is Elementary Curriculum Project at the Museum of Science, Boston,
smcmanus@mos.org

Shannon McManus is a senior professional development associate for the Engineering is Elementary curriculum project at the Museum of Science, Boston. She
taught high school physics and integrated science in San Francisco for seven years after receiving her B.A. in physics education from the University of Delaware.
She returned to the East Coast to pursue her master’s in environmental science and management from the University of Rhode Island where she also worked as
an education and outreach coordinator for the University’s stormwater outreach program. Prior to joining the EiE team, Shannon was the outreach coordinator
for the Buzzards Bay Coalition, an environmental non-profit in southern Massachusetts.

Elizabeth Parry, Coordinator, K-20 STEM Partnership Development, North Carolina State University College of Engineering, eaparry@ncsu.edu

Liz is a former manager at IBM. She obtained her B.S. degree in engineering management with a minor in mechanical engineering from the University of
Missouri-Rolla in 1983. She worked for a number of years at IBM before resigning to be a mom and to do engineering outreach. Liz now works for The
Engineering Place as the coordinator for STEM partnership development. She has managed multimillion dollar grants from the National Science Foundation GK-
12 Program and is a certified Engineering is Elementary (EIE) teacher trainer. She is also the immediate past chair of the ASEE K-12 & Pre-College Engineering
Division.

Stacy Klein-Gardner, Ph.D., Director, Center for STEM Education for Girls, Harpeth Hall School, stacy.gardner@harpethall.org

Stacy Klein-Gardner, Ph.D., is the Director of the Center for STEM Education for Girls at the Harpeth Hall School in Nashville, TN. She is also an adjoint professor
of the practice of biomedical engineering at Vanderbilt University. She has taught high school STEM courses for eleven years and designs engineering
instructional materials, particularly for high school students. She has run the Vanderbilt University Research Experiences for Teachers (RET) for nine summers
and loves running professional development of any kind for K12 teachers. Stacy is the recently elected chair of the ASEE K-12 & Pre-College Engineering Division.

Shannon Weiss, Project Coordinator, David Heil & Associates, Inc., sweiss@davidheil.com

Shannon Weiss is a project coordinator and specializes in the design and implementation of evaluation and market research projects related to DHA's core areas
of emphasis in science, engineering, health, and environmental education; and institutional strategic and business planning. Her work serves a range of academic
institutions, government agencies, corporations and non-profit enterprises including projects funded by the National Science Foundation and the National
Institutes of Health. Prior to joining DHA, Shannon designed and conducted evaluations for Seattle's Woodland Park Zoo, Burke Museum of Natural History and
Culture, and the Pacific Science Center. Shannon received a B.A. in Art History from the University of Evansville in Evansville, IN; an M.A. in Museum Studies from
the University of Washington in Seattle, WA; and was a member of the initial cohort of the University of Washington's IMLS funded New Directions in Audience
Research Program.
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K-12 and Pre-College Engineering Division

Division Mission And Vision

The Division strives to provide a focus for development of innovative K-12 engineering education curricula and
delivery approaches and a forum for the presentation and sharing of K-12 engineering educational initiatives and
methods; create a vital community engaged in K-12 engineering initiatives; encourage the professional
development of teachers in K-12 engineering education methodologies; increase awareness and participation of
university faculty and industrial educators/partners in K-12 engineering initiatives; promote engineering as the
context to integrate science and mathematics with all subjects in the K-12 setting; encourage the participation of
K-12 educators in the creation and delivery of K-12 engineering content; and, synthesize and broadly disseminate
lessons learned.
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2012-2013 Officers

K-12 and Pre-College Engineering Division

Name Position Institution E-mail
Elizabeth A. Parry Chair North Carolina State University eaparry@ncsu.edu
. Harpeth Hall and
. - . . - stacy.gardner@harpethhall.org
Stacy S. Gardner Chair-Elect Vanderbilt University stacy.gardner@harpethhall.or

Malinda S. Zarske

Past Chair

University of Colorado, Boulder

malinda.zarske@colorado.edu

Susan K. Donohue

Program Chair

University of Virginia

susan.donohue@gmail.com

Monica Cardella Secretary/Treasurer Purdue University mcardell@purdue.edu
Susan E. Walden Editor University of Oklahoma susan.walden@ou.edu

Dara Ducey Randerson

K-12 Representative

Oswego East High School / Oswego
High School, Illinois

dranderson1117@oswego308.org

Sharlene Yang Program Chair Elect Museum of Science, Boston syang@mos.or
David Heil Mer;l(k)) 1e ;-égi'zrge David Heil & Associates, Inc. dheil@davidheil.com
Mary Phelps Mer;l(k)) 1e ;-égi'zrge Old Dominion University phelpsmal@gmail.com

Martha Cyr Mer;é) 1e i'ggi’ g ree Worcester Polytechnic Institute mcyr@wpi.edu

Tamara J. Moore

Member-At-Large

University of Minnesota, Twin Cities

tamara@umn.edu

Leveraging Next Generation Science Standards / ASEE K-12 and Pre-College Engineering Division Pre-Conference Workshop / June 23, 2013 / Page 4




NEXT GENERATION

CIENGE

STANDARDS

Engineering Design in the NGSS

In the NGSS, engineering design is integrated throughout the document. First, a fair number of
standards in the three disciplinary areas of life, physical, and Earth and space science begin with
an engineering practice. In these standards, students demonstrate their understanding of science
through the application of engineering practices. Second, the NGSS also include separate
standards for engineering design at the K-2, 3-5, 6-8, and 9-12 grade levels. This multi-pronged
approach, including engineering design both as a set of practices and as a set of core ideas, is
consistent with the original intention of the Framework.

It is important to point out that the NGSS do not put forward a full set of standards for
engineering education, but rather include only practices and ideas about engineering design that
are considered necessary for literate citizens. The standards for engineering design reflect the
three component ideas of the Framework and progress at each grade span.

Grades K-2

Engineering design in the earliest grades introduces students to “problems” as situations that
people want to change. They can use tools and materials to solve simple problems, use different
representations to convey solutions, and compare different solutions to a problem and determine
which is best. Students in all grade levels are not expected to come up with original solutions,
although original solutions are always welcome. Emphasis is on thinking through the needs or
goals that need to be met, and which solutions best meet those needs and goals.

IS
Identify situations
that people want
to change as
problems that can
be solved through
engineering

Develop
solutions
Convey possible
solutions through
visual or physical
representations

Optimize
Compare
solutions, test
them, and
evaluate each

Grades 3-5

At the upper elementary grades, engineering design engages students in more formalized
problem solving. Students define a problem using criteria for success and constraints or limits of
possible solutions. Students research and consider multiple possible solutions to a given
problem. Generating and testing solutions also becomes more rigorous as the students learn to
optimize solutions by revising them several times to obtain the best possible design.

DI
Specify criteria
and constraints
that a possible

solution to a
simple problem
must meet

OIptlmlze Develop
mprove a :
solution based on solutions
results of simple Research and
explore multiple

tests, including L )
failure points possible solutions

Grades 6-8

At the middle school level, students learn to sharpen the focus of problems by precisely
specifying criteria and constraints of successful solutions, taking into account not only what
needs the problem is intended to meet, but also the larger context within which the problem is
defined, including limits to possible solutions. Students can identify elements of different
solutions and combine them to create new solutions. Students at this level are expected to use
systematic methods to compare different solutions to see which best meet criteria and
constraints, and to test and revise solutions a number of times in order to arrive at an optimal
design.

Define
Attend to
precision of
criteria and
constraints and
considerations
likely to limit
possible solutions

Optimize Develop
Use systematic solutions
processes to Combine parts of
itteratively test different solutions
and refinea to create new
solution solutions
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NEXT GENERATION

CIENGE

STANDARDS

Grades 9-12

Performance Expectations That Incorporate Engineering Practices

Engineering design at the high school level engages students in complex problems that include

issues of social and global significance. Such problems need to be broken down into simpler Physical Science Life Science Earth a_nd Space Engineering
problems to be tackled one at a time. Students are also expected to quantify criteria and Science
constraints so that it will be possible to use quantitative methods to compare the potential of K K-PS2-2 K-ESS3-2 K-2-ETS1-1
different solutions. While creativity in solving problems is valued, emphasis is on identifying the
best solution to a problem, which often involves researching how others have solved it before. K-P53-2 K-ESS3-3 K-2-ETS1-2
Students are expected to use mathematics and/or computer simulations to test solutions under 1 1-PS4-4 1-LS1-1 K-2-ETS1-3
different conditions, prioritize criteria, consider trade-offs, and assess social and environmental
impacts. 2 2-PS1-2 2-1S2-2 2-ESS2-1
3 3-PS2-4 3-LS4-4 3-ESS3-1 3-5-ETS1-1
4 | 4-PS3-4 4-ESS3-2 3-5-ETS1-2
4-PS4-3 3-5-ETS1-3
criteria and
constraints for 5
problems of social
and global
significance 6-8 | MS-PS1-6 MS-LS2-5 MS-ETS1-1
MS-PS2-1 MS-ETS1-2
MS-PS3-3 MS-ETS1-3
MS-ETS1-4
9-12 | HS-PS1-6 HS-LS2-7 HS-ESS3-2 HS-ETS1-1
HS-PS2-3 HS-LS4-6 HS-ESS3-4 HS-ETS1-2
social and EIEELL G|
environmental . ,,E?g;?ﬂ;n . HS-PS2-6 HS-ETS1-3
impacts as a HS-PS3-3 HS-ETS1-4
complex solution that can be solved
separately HS-PS4-5

is tested and
refined

Conclusion

The inclusion of engineering design within the fabric of the NGSS has profound implications for
curriculum, teaching, and assessment. All students need opportunities to acquire engineering
design practices and concepts alongside the practices and concepts of science.

The decision to integrate engineering design into the science disciplines is not intended either to
encourage or discourage development of engineering courses. In recent years, many middle and
high schools have introduced engineering courses that build students’ engineering skill, engage
them in experiences using a variety of technologies, and provide information on a range of
engineering careers. The engineering design standards included in the NGSS could certainly be a
component of such courses but most likely do not represent the full scope of such courses or an
engineering pathway. Rather, the purpose of the NGSS is to emphasize the key knowledge and
skills that all students need in order to engage fully as workers, consumers, and citizens in 21%
century society.
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NGSS Science and Engineering Practices* (March 2013 Draft)

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.
to identify and/or clarify evidence
and/or the premise(s) of an
argument.
to determine relationships
between independent and
dependent variables and
relationships in models..
to clarify and/or refine a model,
an explanation, or an engineering
problem.

o

°

o

« Ask questions
o that arise from careful
observation of phenomena, or
unexpected results, to clarify
and/or seek additional
information.

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

» 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
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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.




NGSS Science and Engineering Practices* (March 2013 Draft)

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 @ 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.
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NGSS Science and Engineering Practices* (March 2013 Draft)

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

Make observations and/or
measurements to produce data
to serve as the basis for

Collect data to produce data to
serve as the basis for evidence to
answer scientific questions or test

Make directional hypotheses that specify
what happens to a dependent variable
when an independent variable i

that can be used to make
comparisons.

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.

evidence for an explanation of
a phenomenon or test a design
solution.

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.

design solutions under a range of
conditions.

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

manipulated. -
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.
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NGSS Science and Engineering Practices* (March 2013 Draft)

Science and Engineering
Practices

K—2 Condensed Practices

3-5 Condensed Practices

6—8 Condensed Practices

9-12 Condensed Practices

Analyzing and Interpreting
Data

Scientific investigations produce
data that must be analyzed in
order to derive meaning. Because
data patterns and trends are not
always 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.
Modern technology makes the
collection of large data sets much
easier, providing secondary
sources for analysis.

Engineering investigations include
analysis of data collected in the
tests of designs. This allows
comparison of different solutions
and determines how well each
meets specific design criteria—that
is, which design best solves the
problem within given constraints.
Like scientists, engineers require a
range of tools to identify patterns
within data and interpret the
results. Advances in science make
analysis of proposed solutions
more efficient and effective.

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 multiple trials of
qualitative observations.

When 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
between 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 more detailed statistical
analysis, the comparison of data sets
for consistency, and the use of
models to generate and analyze data.

Record information
(observations, thoughts, and
ideas).

Use and share pictures,
drawings, and/or writings of
observations.

Use observations (firsthand or
from media) to describe
patterns and/or relationships in
the natural and designed
world(s) in order to answer
scientific questions and solve
problems.

Compare predictions (based on
prior experiences) to what
occurred (observable events).

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

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

Use graphical displays (e.g.,
maps, charts, graphs, and/or
tables) of large data sets to
identify temporal and spatial
relationships.

Distinguish between causal and
correlational relationships in
data.

Analyze and interpret data to
provide evidence for
phenomena.

« Analyze data using tools,
technologies, and/or models (e.g.,
computational, mathematical) in
order to make valid and reliable
scientific claims or determine an
optimal design solution.

Analyze and interpret data to
make sense of phenomena,
using logical reasoning,
mathematics, and/or
computation.

Apply concepts of statistics and
probability (including mean,
median, mode, and variability) to
analyze and characterize data,
using digital tools when feasible.

Apply concepts of statistics and
probability (including determining
function fits to data, slope,
intercept, and correlation
coefficient for linear fits) to
scientific and engineering questions
and problems, using digital tools
when feasible.

Consider limitations of data
analysis (e.g., measurement
error), and/or seek to improve
precision and accuracy of data
with better technological tools
and methods (e.g., multiple
trials).

Consider limitations of data
analysis (e.g., measurement error,
sample selection) when analyzing
and interpreting data.

Compare and contrast data
collected by different groups in
order to discuss similarities
and differences in their
findings.

Analyze and interpret data to
determine similarities and
differences in findings.

Compare and contrast various
types of data sets (e.g., self-
generated, archival) to examine
consistency of measurements and
observations.

« Analyze data from tests of an
object or tool to determine if it
works as intended.

« Analyze data to refine a
problem statement or the
design of a proposed object,
tool, or process.

Use data to evaluate and
refine design solutions.

Analyze data to define an
optimal operational range for a
proposed object, tool, process or
system that best meets criteria
for success.

Evaluate the impact of new data on
a working explanation and/or
model of a proposed process or
system.

Analyze data to identify design
features or characteristics of the
components of a proposed process
or system to optimize it relative to
criteria for success.
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NGSS Science and Engineering Practices* (March 2013 Draft)

Science and Engineering
Practices

K—2 Condensed Practices

3-5 Condensed Practices

6—8 Condensed Practices

9-12 Condensed Practices

Using Mathematics and
Computational Thinking

In both science and engineering,
mathematics and computation
are fundamental tools for
representing physical variables
and their relationships. They are
used for a range of tasks such as
constructing simulations; solving
equations exactly or
approximately; and recognizing,
expressing, and applying
quantitative relationships.

Mathematical and computational
approaches enable scientists and
engineers to predict the behavior
of systems and test the validity of
such predictions.

Mathematical and computational
thinking in K=2 builds on prior
experience and progresses to
recognizing that mathematics can
be used to describe the natural
and designed world(s).

Mathematical and computational
thinking in 3-5 builds on K-2
experiences and progresses to
extending quantitative
measurements to a variety of
physical properties and using
computation and mathematics
to analyze data and compare
alternative design solutions.

Mathematical and computational
thinking in 6-8 builds on K-5
experiences and progresses to
identifying patterns in large data
sets and using mathematical
concepts to support explanations
and arguments.

Mathematical and computational
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 trigonometric functions,
exponentials and logarithms, and
computational tools for statistical
analysis to analyze, represent, and
model data. Simple computational
simulations are created and used
based on mathematical models of basic
assumptions.

Decide when to use qualitative
vs. quantitative data.

Decide if qualitative or
quantitative data are best to
determine whether a
proposed object or tool meets
criteria for success.

Use counting and numbers to
identify and describe patterns
in the natural and designed
world(s).

Organize simple data sets to
reveal patterns that suggest
relationships.

Use digital tools (e.g.,
computers) to analyze very
large data sets for patterns and
trends.

Create and/or revise a computational
model or simulation of a
phenomenon, designed device,
process, or system.

Describe, measure, and/or
compare quantitative attributes
of different objects and display
the data using simple graphs.

Describe, measure, estimate,
and/or graph quantities such
as area, volume, weight, and
time to address scientific and
engineering questions and
problems.

Use mathematical
representations to describe
and/or support scientific
conclusions and design
solutions.

Use mathematical, computational,
and/or algorithmic representations of
phenomena or design solutions to
describe and/or support claims
and/or explanations.

Use quantitative data to
compare two alternative
solutions to a problem.

Create and/or use graphs
and/or charts generated from
simple algorithms to compare
alternative solutions to an
engineering problem.

Create algorithms (a series of
ordered steps) to solve a
problem.

Apply mathematical concepts
and/or processes (such as
ratio, rate, percent, basic
operations, and simple algebra)
to scientific and engineering
questions and problems.

Use digital tools and/or
mathematical concepts and
arguments to test and compare

Apply techniques of algebra and
functions to represent and solve
scientific and engineering problems.
Use simple limit cases to test
mathematical expressions, computer
programs, algorithms, or simulations
of a process or system to see if a
model “makes sense” by comparing
the outcomes with what is known
about the real world.

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

proposed solutions to an
engineering design problem.

complicated measurement problems
involving quantities with derived or
compound units (such as mg/mL,
kg/m?, acre-feet, etc.).
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NGSS Science and Engineering Practices* (March 2013 Draft)

Science and Engineering
Practices

K-2 Condensed
Practices

3-5 Condensed
Practices

6—8 Condensed Practices

9-12 Condensed Practices

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 world. A theory becomes
accepted when it has multiple
lines of empirical evidence and
greater explanatory power of
phenomena than previous
theories.

The goal of engineering design is
to find a systematic solution to
problems that is based on
scientific knowledge and models
of the material world. Each
proposed solution results from a
process of balancing competing
criteria of desired functions,
technical feasibility, cost, safety,
aesthetics, and compliance with
legal requirements. The optimal
choice depends on how well the
proposed solutions meet criteria
and constraints.

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
phenomena and designing
solutions.

Constructing explanations and
designing solutions in 3-5
builds on K-2 experiences and
progresses to the use of
evidence in constructing
explanations that specify
variables that describe and
predict phenomena and in
designing multiple solutions to
design problems.

Constructing explanations and
designing solutions in 68 builds on K—
5 experiences and progresses to
include constructing explanations and
designing solutions supported by
multiple sources of evidence consistent
with 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 multiple and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and theories.

Use information from
observations (firsthand and
from media) to construct
an evidence-based account
for natural phenomena.

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

Construct an explanation that
includes qualitative or quantitative
relationships between variables that
predict(s) and/or describe(s)
phenomena.

Construct an explanation using
models or representations.

- Make a quantitative and/or
qualitative claim regarding the
relationship between dependent and
independent variables.

Use evidence (e.g.,
measurements,
observations, patterns) to
construct or support an
explanation or design a
solution to a problem.

Construct a scientific explanation
based on valid and reliable evidence
obtained from sources (including the
students’ own experiments) and the
assumption that theories and laws
that describe the natural world
operate today as they did in the past
and will continue to do so in the
future.

Apply scientific ideas, principles,
and/or evidence to construct, revise
and/or use an explanation for real-
world phenomena, examples, or
events.

« Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
(including students’ own
investigations, models, theories,
simulations, peer review) and the
assumption that theories and laws
that describe the natural world
operate today as they did in the past
and will continue to do so in the
future.

« Apply scientific ideas, principles,
and/or evidence to provide an
explanation of phenomena and solve
design problems, taking into account
possible unanticipated effects.

Identify the evidence that
supports particular points in
an explanation.

Apply scientific reasoning to show
why the data or evidence is
adequate for the explanation or
conclusion.

« Apply scientific reasoning, theory,
and/or models to link evidence to the
claims to assess the extent to which
the reasoning and data support the
explanation or conclusion.

Use tools and/or materials
to design and/or build a

Apply scientific ideas to
solve design problems.

Apply scientific ideas or principles to
design, construct, and/or test a

« Design, evaluate, and/or refine a
solution to a complex real-world

device that solves a specific
problem or a solution to a
specific problem.

Generate and/or compare
multiple solutions to a
problem.

Generate and compare
multiple solutions to a
problem based on how well
they meet the criteria and
constraints of the design
solution.

design of an object, tool, process or
system.

Undertake a design project,
engaging in the design cycle, to
construct and/or implement a
solution that meets specific design
criteria and constraints.

Optimize performance of a design by
prioritizing criteria, making
tradeoffs, testing, revising, and re-
testing.

problem, based on scientific
knowledge, student-generated
sources of evidence, prioritized
criteria, and tradeoff considerations.
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NGSS Science and Engineering Practices* (March 2013 Draft)

Science and Engineering
Practices

K—2 Condensed Practices

3-5 Condensed Practices

6—8 Condensed Practices

9-12 Condensed Practices

Engaging in Argument from
Evidence

Argumentation is the process by
which evidence-based conclusions
and solutions are reached.

In science and engineering,
reasoning and argument based on
evidence are essential to
identifying the best explanation for
a natural phenomenon or the best
solution to a design problem.

Scientists and engineers use
argumentation to listen to,
compare, and evaluate competing
ideas and methods based on
merits.

Scientists and engineers engage in
argumentation when investigating
a phenomenon, testing a design
solution, resolving questions about
measurements, building data
models, and using evidence to
evaluate claims.

Engaging in argument from
evidence in K-2 builds on prior
experiences and progresses to
comparing ideas and
representations about the
natural and designed world(s).

Engaging in argument 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 world(s).

Engaging in argument from
evidence in 6-8 builds on K-5
experiences and progresses to
constructing a convincing argument
that supports or refutes claims for
either explanations or solutions
about the natural and designed
world(s).

Engaging in argument 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 claims
and explanations about the natural and
designed world(s). Arguments may
also come from current scientific or
historical episodes in science.

Identify arguments that are
supported by evidence.
Distinguish between
explanations that account for
all gathered evidence and
those that do not.

Analyze why some evidence is
relevant to a scientific
question and some is not.
Distinguish between opinions
and evidence in one’s own
explanations.

« Compare and refine
arguments based on an
evaluation of the evidence
presented.

Distinguish among facts,
reasoned judgment based on
research findings, and
speculation in an explanation.

« Compare and critique two
arguments on the same topic and
analyze whether they emphasize
similar or different evidence
and/or interpretations of facts.

« Compare and evaluate competing
arguments or design solutions in
light of currently accepted
explanations, new evidence,
limitations (e.g., trade-offs),
constraints, and ethical issues.
Evaluate the claims, evidence,
and/or reasoning behind currently
accepted explanations or solutions to
determine the merits of arguments.

Listen actively to arguments
to indicate agreement or
disagreement based on
evidence, and/or to retell the
main points of the argument.

Respectfully provide and
receive critiques from peers
about a proposed procedure,
explanation or model.by citing
relevant evidence and posing
specific questions.

Respectfully provide and receive
critiques about one’s
explanations, procedures, models
and questions by citing relevant
evidence and posing and
responding to questions that elicit
pertinent elaboration and detail.

Respectfully provide and/or receive
critiques on scientific arguments by
probing reasoning and evidence and
challenging ideas and conclusions,
responding thoughtfully to diverse
perspectives, and determining what
additional information is required to
resolve contradictions.

Construct an argument with
evidence to support a claim.

Construct and/or support an
argument with evidence,
data, and/or a model.

« Use data to evaluate claims
about cause and effect.

« Construct, use, and/or present an
oral and written argument
supported by empirical evidence
and scientific reasoning to
support or refute an explanation
or a model for a phenomenon or
a solution to a problem.

Construct, use, and/or present an
oral and written argument or
counter-arguments based on data
and evidence.

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

« Make a claim about the merit
of a solution to a problem by
citing relevant evidence about
how it meets the criteria and
constraints of the problem.

« Make an oral or written argument
that supports or refutes the
advertised performance of a
device, process, or system, based
on empirical evidence concerning
whether or not the technology
meets relevant criteria and
constraints.

Evaluate competing design
solutions based on jointly
developed and agreed-upon
design criteria.

« Make and defend a claim based on
evidence about the natural world or
the effectiveness of a design solution
that reflects scientific knowledge,
and student-generated evidence.

« Evaluate competing design solutions
to a real-world problem based on
scientific ideas and principles,
empirical evidence, and/or logical
arguments regarding relevant factors
(e.g. economic, societal,
environmental, ethical
considerations).
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NGSS Science and Engineering Practices* (March 2013 Draft)

Science and Engineering
Practices

K—2 Condensed Practices

3-5 Condensed Practices

6—8 Condensed Practices

9-12 Condensed Practices

Obtaining, Evaluating, and
Communicating Information

Scientists and engineers must be
able to communicate clearly and
persuasively the ideas and
methods they generate.
Critiquing and communicating
ideas individually and in groups is
a critical professional activity.

Communicating information and
ideas can be done in multiple
ways: using tables, diagrams,
graphs, models, and equations as
well as orally, in writing, and
through extended discussions.
Scientists and engineers employ
multiple sources to obtain
information that is used to
evaluate the merit and validity of
claims, methods, and designs.

Obtaining, evaluating, and
communicating information in K-2
builds on prior experiences and
uses observations and texts to
communicate new information.

Obtaining, evaluating, and
communicating information in 3-5
builds on K-2 experiences and
progresses to evaluating the merit
and accuracy of ideas and
methods.

Obtaining, evaluating, and
communicating information in 6-8
builds on K-5 experiences and
progresses to evaluating the merit
and validity of ideas and methods.

Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 experiences and
progresses to evaluating the validity
and reliability of the claims,
methods, and designs.

« Read grade-appropriate texts
and/or use media to obtain
scientific and/or technical
information to determine
patterns in and/or evidence
about the natural and designed
world(s).

« Read and comprehend grade-
appropriate complex texts
and/or other reliable media

to summarize and obtain
scientific and technical

ideas and describe how they are
supported by evidence.
Compare and/or combine across
complex texts and/or other
reliable media to support the
engagement in other scientific
and/or engineering practices.

Critically read scientific texts
adapted for classroom use to
determine the central ideas
and/or obtain scientific and/or
technical information to describe
patterns in and/or evidence
about the natural and designed
world(s).

« Critically read scientific literature
adapted for classroom use to
determine the central ideas or
conclusions and/or to obtain
scientific and/or technical
information to summarize complex
evidence, concepts, processes, or
information presented in a text by
paraphrasing them in simpler but
still accurate terms.

Describe how specific images
(e.g., a diagram showing how a
machine works) support a
scientific or engineering idea.

Combine information in written
text with that contained in
corresponding tables, diagrams,
and/or charts to support the
engagement in other scientific
and/or engineering practices.

Integrate qualitative and/or
quantitative scientific and/or
technical information in written
text with that contained in
media and visual displays to
clarify claims and findings.

Compare, integrate and evaluate
sources of information presented
in different media or formats (e.g.,
visually, quantitatively) as well as
in words in order to address a
scientific question or solve a
problem.

Obtain information using various
texts, text features (e.g.,
headings, tables of contents,
glossaries, electronic menus,
icons), and other media that will
be useful in answering a
scientific question and/or
supporting a scientific claim.

Obtain and combine information
from books and/or other reliable
media to explain phenomena or
solutions to a design problem.

Gather, read, synthesize
information from multiple
appropriate sources and assess
the credibility, accuracy, and
possible bias of each publication
and methods used, and describe
how they are supported or not
supported by evidence.
Evaluate data, hypotheses,
and/or conclusions in scientific
and technical texts in light of
competing information or
accounts.

Gather, read, and evaluate
scientific and/or technical
information from multiple
authoritative sources, assessing
the evidence and usefulness of
each source.

Evaluate the validity and reliability
of and/or synthesize multiple
claims, methods, and/or designs
that appear in scientific and
technical texts or media reports,
verifying the data when possible.

Communicate information or
design ideas and/or solutions
with others in oral and/or
written forms using models,
drawings, writing, or numbers
that provide detail about
scientific ideas, practices, and/or
design ideas.

» Communicate scientific and/or
technical information orally
and/or in written formats,
including various forms of media
and may include tables,
diagrams, and charts.

Communicate scientific and/or
technical information (e.g.
about a proposed object, tool,
process, system) in writing
and/or through oral
presentations.

« Communicate scientific and/or
technical information or ideas
(e.g. about phenomena and/or the
process of development and the
design and performance of a
proposed process or system) in
multiple formats (including orally,
graphically, textually, and
mathematically).
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K-2-ETS1 Engineering Design

K-2-ETS1 Engineering Design

Students who demonstrate understanding can:
K-2-ETS1-1. Ask questions, make observations, and gather information about a situation people want to change to define
a simple problem that can be solved through the development of a new or improved object or tool.

K-2-ETS1-2. Develop a simple sketch, drawing, or physical model to illustrate how the shape of an object helps it function
as needed to solve a given problem.

K-2-ETS1-3. Analyze data from tests of two objects designed to solve the same problem to compare the strengths and
weaknesses of how each performs.

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices Crosscutting Concepts

Asking Questions and Defining Problems ETS1.A: Defining and Delimiting Engineering Problems Structure and Function
Asking questions and defining problems in K-2 builds on prior = A situation that people want to change or create can be = The shape and stability of
experiences and progresses to simple descriptive questions. approached as a problem to be solved through engineering. (K-2- structures of natural and designed
= Ask questions based on observations to find more ETS1-1) objects are related to their
information about the natural and/or designed world. (K-2- = Asking questions, making observations, and gathering information function(s). (K-2-ETS1-2)
ETS1-1) are helpful in thinking about problems. (K-2-ETS1-1)
= Define a simple problem that can be solved through the = Before beginning to design a solution, it is important to clearly
development of a new or improved object or tool. (K-2- understand the problem. (K-2-ETS1-1)
ETS1-1) ETS1.B: Developing Possible Solutions
Developing and Using Models = Designs can be conveyed through sketches, drawings, or physical
Modeling in K-2 builds on prior experiences and progresses to models. These representations are useful in communicating ideas
include using and developing models (i.e., diagram, drawing, for a problem’s solutions to other people. (K-2-ETS1-2)
physical replica, diorama, dramatization, or storyboard) that ETS1.C: Optimizing the Design Solution
represent concrete events or design solutions. = Because there is always more than one possible solution to a

« Develop a simple model based on evidence to represent a problem, it is useful to compare and test designs. (K-2-ETS1-3)

proposed object or tool. (K-2-ETS1-2)
Analyzing and Interpreting Data
Analyzing data in K—2 builds on prior experiences and
progresses to collecting, recording, and sharing observations.
= Analyze data from tests of an object or tool to determine if
it works as intended. (K-2-ETS1-3)

Connections to other DCIs in this grade-level: will be available on or before April 26, 2013.

Articulation of DCIs across grade-levels: _will be available on or before April 26, 2013.

Connections to K-2-ETS1.A: Defining and Delimiting Engineering Problems include:
Kindergarten: K-PS2-2, K-ESS3-2

Connections to K-2-ETS1.B: Developing Possible Solutions Problems include:
Kindergarten: K-ESS3-3, First Grade: 1-PS4-4, Second Grade: 2-LS2-2

Connections to K-2-ETS1.C: Optimizing the Design Solution include:
Second Grade: 2-ESS2-1
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3-5-ETS1  Engineering Design

Students who demonstrate understanding can:
3-5-ETS1-1. Define a simple design problem reflecting a need or a want that includes specified criteria for success and
constraints on materials, time, or cost.

3-5-ETS1-2. Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the
criteria and constraints of the problem.

3-5-ETS1-3. Plan and carry out fair tests in which variables are controlled and failure points are considered to identify
aspects of a model or prototype that can be improved.

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices Crosscutting Concepts
Asking Questions and Defining Problems ETS1.A: Defining and Delimiting Engineering Problems Influence of Science, Engineering,
Asking questions and defining problems in 3-5 builds on = Possible solutions to a problem are limited by available materials and Technology on Society and the
grades K-2 experiences and progresses to specifying and resources (constraints). The success of a designed solution is Natural World
qualitative relationships. determined by considering the desired features of a solution = People’s needs and wants change

= Define a simple design problem that can be solved through (criteria). Different proposals for solutions can be compared on the over time, as do their demands for
the development of an object, tool, process, or system and basis of how well each one meets the specified criteria for success new and improved technologies. (3-
includes several criteria for success and constraints on or how well each takes the constraints into account. (3-5-ETS1-1) 5-ETS-1)
materials, time, or cost. (3-5-ETS1-1) ETS1.B: Developing Possible Solutions = Engineers improve existing
Planning and Carrying Out Investigations = Research on a problem should be carried out before beginning to technologies or develop new ones to
Planning and carrying out investigations to answer questions design a solution. Testing a solution involves investigating how increase their benefits, decrease
or test solutions to problems in 3-5 builds on K-2 experiences well it performs under a range of likely conditions. (3-5-ETS1-2) known risks, and meet societal
and progresses to include investigations that control variables = At whatever stage, communicating with peers about proposed demands. (3-5-ETS-2)
and provide evidence to support explanations or design solutions is an important part of the design process, and shared
solutions. ideas can lead to improved designs. (3-5-ETS1-2)
= Plan and conduct an investigation collaboratively to = Tests are often designed to identify failure points or difficulties,
produce data to serve as the basis for evidence, using fair which suggest the elements of the design that need to be
tests in which variables are controlled and the number of improved. (3-5-ETS1-3)
trials considered. (3-5-ETS1-3) ETS1.C: Optimizing the Design Solution
Constructing Explanations and Designing Solutions = Different solutions need to be tested in order to determine which of
Constructing explanations and designing solutions in 3=5 builds them best solves the problem, given the criteria and the
on K-2 experiences and progresses to the use of evidence in constraints. (3-5-ETS1-3)
constructing explanations that specify variables that describe
and predict phenomena and in designing multiple solutions to
design problems.
= Generate and compare multiple solutions to a problem
based on how well they meet the criteria and constraints
of the design problem. (3-5-ETS1-2)

Connections to other DCIs in this grade-level: will be available on or before April 26, 2013.

Articulation of DCIs across grade-levels: will be available on or before April 26, 2013.

Connections to 3-5-ETS1.A: Defining and Delimiting Engineering Problems include:
4 Grade: 4-PS3-4

Connections to 3-5-ETS1.B: Designing Solutions to Engineering Problems include:
4" Grade: 4-ESS3-2

Connections to 3-5-ETS1.C: Optimizing the Design Solution include:
4™ Grade: 4-PS4-3
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MS-ETS1 Engineering Design

Students who demonstrate understanding can:
MS-ETS1-1.

Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution,

taking into account relevant scientific principles and potential impacts on people and the natural environment
that may limit possible solutions.

Evaluate competing design solutions using a systematic process to determine how well they meet the criteria

Analyze data from tests to determine similarities and differences among several design solutions to identify

the best characteristics of each that can be combined into a new solution to better meet the criteria for

MS-ETS1-2.

and constraints of the problem.
MS-ETS1-3.

success.
MS-ETS1-4.

such that an optimal design can be achieved.

Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Asking Questions and Defining Problems
Asking questions and defining problems in grades 6—8 builds
on grades K-5 experiences and progresses to specifying
relationships between variables, clarify arguments and models.
= 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. (MS-
ETS1-1)
Developing and Using Models
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.
= Develop a model to generate data to test ideas about
designed systems, including those representing inputs and
outputs. (MS-ETS1-4)
Analyzing and Interpreting Data
Analyzing data in 6-8 builds on K-5 experiences and
progresses to extending quantitative analysis to investigations,
distinguishing between correlation and causation, and basic
statistical techniques of data and error analysis.
= Analyze and interpret data to determine similarities and
differences in findings. (MS-ETS1-3)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6-8 builds on K-5
experiences and progresses to constructing a convincing
argument that supports or refutes claims for either
explanations or solutions about the natural and designed
world.
= Evaluate competing design solutions based on jointly
developed and agreed-upon design criteria. (MS-ETS1-2)

ETS1.A: Defining and Delimiting Engineering Problems
= The more precisely a design task’s criteria and constraints can be
defined, the more likely it is that the designed solution will be
successful. Specification of constraints includes consideration of
scientific principles and other relevant knowledge that are likely to
limit possible solutions. (MS-ETS1-1)
ETS1.B: Developing Possible Solutions
= A solution needs to be tested, and then modified on the basis of
the test results, in order to improve it. (MS-ETS1-4)
= There are systematic processes for evaluating solutions with
respect to how well they meet the criteria and constraints of a
problem. (MS-ETS1-2), (MS-ETS1-3)
= Sometimes parts of different solutions can be combined to create a
solution that is better than any of its predecessors. (MS-ETS1-3)
= Models of all kinds are important for testing solutions. (MS-ETS1-4)
ETS1.C: Optimizing the Design Solution
= Although one design may not perform the best across all tests,
identifying the characteristics of the design that performed the best
in each test can provide useful information for the redesign
process—that is, some of those characteristics may be incorporated
into the new design. (MS-ETS1-3)
= The iterative process of testing the most promising solutions and
modifying what is proposed on the basis of the test results leads to
greater refinement and ultimately to an optimal solution. (MS-
ETS1-4)

Crosscutting Concepts

Influence of Science, Engineering,
and Technology on Society and the
Natural World
= All human activity draws on natural
resources and has both short and
long-term consequences, positive as
well as negative, for the health of
people and the natural environment.
(MS-ETS1-1)
= The uses of technologies and
limitations on their use are driven by
individual or societal needs, desires,
and values; by the findings of
scientific research; and by differences
in such factors as climate, natural
resources, and economic conditions.
(MS-ETS1-1)

Connections to other DCIs in this grade-level: will be available on or before April 26, 2013.

Articulation of DCIs across grade-levels: will be available on or before April 26, 2013.

Connections to MS-ETS1.A: Defining and Delimiting Engineering Problems include:

Physical Science: MS-PS3-3

Connections to MS-ETS1.B: Developing Possible Solutions Problems include:
Physical Science: MS-PS1-6, MS-PS3-3, Life Science: MS-LS2-5
Connections to MS-ETS1.C: Optimizing the Design Solution include:

Physical Science: MS-PS1-6
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HS-ETS1 Engineering Design

Students who demonstrate understanding can:
HS-ETS1-1.

that account for societal needs and wants.

HS-ETS1-2.

problems that can be solved
HS-ETS1-3.

and environmental impacts.
HS-ETS1-4.

through engineering.

Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions

Design a solution to a complex real-world problem by breaking it down into smaller, more manageable

Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account
for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural,

Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with
numerous criteria and constraints on interactions within and between systems relevant to the problem.

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Practices

Asking Questions and Defining Problems
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.
= Analyze complex real-world problems by specifying criteria
and constraints for successful solutions. (HS-ETS1-1)
Using Mathematics and Computational Thinking
Mathematical and computational thinking in 9-12 builds on K-8
experiences and progresses to using algebraic thinking and
analysis, a range of linear and nonlinear functions including
trigonometric functions, exponentials and logarithms, and
computational tools for statistical analysis to analyze,
represent, and model data. Simple computational simulations
are created and used based on mathematical models of basic
assumptions.
= Use mathematical models and/or computer simulations to
predict the effects of a design solution on systems and/or
the interactions between systems. (HS-ETS1-4)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9-12
builds on K-8 experiences and progresses to explanations and
designs that are supported by multiple and independent
student-generated sources of evidence consistent with
scientific ideas, principles and theories.
= Design a solution to a complex real-world problem, based
on scientific knowledge, student-generated sources of
evidence, prioritized criteria, and tradeoff considerations.
(HS-ETS1-2)
= Evaluate a solution to a complex real-world problem,
based on scientific knowledge, student-generated sources
of evidence, prioritized criteria, and tradeoff
considerations. (HS-ETS1-3)

Science and Engineering

ETS1.A: Defining and Delimiting Engineering Problems
= Criteria and constraints also include satisfying any requirements
set by society, such as taking issues of risk mitigation into
account, and they should be quantified to the extent possible
and stated in such a way that one can tell if a given design
meets them. (HS-ETS1-1)
= Humanity faces major global challenges today, such as the need
for supplies of clean water and food or for energy sources that
minimize pollution, which can be addressed through engineering.
These global challenges also may have manifestations in local
communities. (HS-ETS1-1)
ETS1.B: Developing Possible Solutions
= When evaluating solutions, it is important to take into account a
range of constraints, including cost, safety, reliability, and
aesthetics, and to consider social, cultural, and environmental
impacts. (HS-ETS1-3)
= Both physical models and computers can be used in various
ways to aid in the engineering design process. Computers are
useful for a variety of purposes, such as running simulations to
test different ways of solving a problem or to see which one is
most efficient or economical; and in making a persuasive
presentation to a client about how a given design will meet his
or her needs. (HS-ETS1-4)
ETS1.C: Optimizing the Design Solution
= Criteria may need to be broken down into simpler ones that can
be approached systematically, and decisions about the priority of
certain criteria over others (trade-offs) may be needed. (HS-
ETS1-2)

Crosscutting Concepts

Systems and System Models

Models (e.g., physical, mathematical,
computer models) can be used to
simulate systems and interactions—
including energy, matter, and
information flows— within and between
systems at different scales. HS-ETS1-4)

Connections to Engineering, Technology),

Influence of Science, Engineering, and
Technology on Society and the Natural
World

and Applications of Science

New technologies can have deep
impacts on society and the
environment, including some that were
not anticipated. Analysis of costs and
benefits is a critical aspect of decisions
about technology. (HS-ETS1-1) (HS-
ETS1-3)

Connections to other DCIs in this grade-level: will be available on or before April 26, 2013.

Articulation of DCIs across grade-levels: will be available on or before April 26, 2013.

Connections to HS-ETS1.A: Defining and Delimiting Engineering Problems include:

Physical Science: HS-PS2-3, HS-PS3-3

Connections to HS-ETS1.B: Designing Solutions to Engineering Problems include:
Earth and Space Science: HS-ESS3-2, HS-ESS3-4, Life Science: HS-LS2-7, HS-LS4-6
Connections to HS-ETS1.C: Optimizing the Design Solution include:

Physical Science: HS-PS1-6, HS-PS2-3
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Additional Resources for Engineers and Engineering Educators

ASEE K-12 & Pre-College Engineering Division — Promotes engineering thinking and practice in formal and informal educational settings for
pre-K through high school aged students, their teachers, group leaders, and caregivers. They also engage in shared scholarship to determine
better ways to accomplish its goals, assess its impacts, and evaluate its progress. k12division.asee.org

Build IT — This afterschool and summer curriculum, developed by SRI International and Girls Incorporated of Alameda County, California,
helps middle school girls develop information technology (IT) fluency, interest in mathematics, and knowledge of IT careers.
sri.com/work/projects/build-it

Camp Invention is a summer camp program created by Invent Now, Inc. (associated with the National Inventor’s Hall of Fame). It is managed
by a central organization and implemented at multiple sites nationwide. invent.org

Center for STEM Education for Girls (stemefg.org) offers a STEM Summer Institute for 9th.12™ grade girls that models true integration of
science, technology, engineering, and mathematics in a domain that is naturally appealing to girls — serving other girls in a global setting.
stemefg.org/index.php/summer-institute/

Design It! — A series of 14 extended design projects for use in afterschool programs and developed by the Education Development Center,
Inc. (EDC). The projects, designed to last 6-8 program hours, introduce elementary-aged students to engineering challenges using simple,
inexpensive materials. npass2.edc.org/resources/design-it

Design Squad Nation — The DESIGN SQUAD NATION website is an online community that grew out of the DESIGN SQUAD television series
that aired on PBS KIDS. The site targets kids ages 8 and older and features creative activities, engaging video, interactive games, and exciting
contests. The site includes educator’s guides, activity guides, and resources to be used for facilitating engineering activities with students.
pbskids.org/designsquad/

DREAM - Achievement Through Mentorship, Rice University — In the DREAM program, founded in 2007, Rice University undergraduates
serve as mentors for local high school students. The mentors build relationships with mentees by acting as a project manager for design
teams. Teams work together on a project that culminates with a competition and special event day on campus. dream.rice.edu

Engineering Adventures is an engineering curriculum created by the Engineering is Elementary (EiE) team and designed for use in out-of-
school time (OST) programs. eie.org/content/engineering-adventures

Engineer Girl encourages middle-school age youth to imagine a future in engineering. engineergirl.org

Engineering Go For It! (an ASEE program) is committed to promoting and enhancing efforts to improve K-12 STEM and engineering
education. Use the website to explore topics and careers, and to find out what’s happening in engineering education. egfi-k12.org
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Engineering is Elementary (EiE) provides a research-based, standards-driven, and classroom-tested curriculum that integrates engineering
and technology concepts and skills with elementary science topics. mos.org/eie

Family Engineering is a valuable resource for providing informal engineering learning experiences to elementary age children and their
families through hands-on activities and events. familyengineering.org

FIRST (For Inspiration and Recognition of Science and Technology) — FIRST is a non-profit organization that offers a range of robotics
competition programs for students, ages 6-18, which culminate in an exciting international competition and celebration event. Programs
include Jr. FIRST LEGO League, FIRST LEGO League, FIRST Tech Challenge, and FIRST Robotics Competition. usfirst.org

Innovation Portal is a website for storing engineering design work done by teams and for assessment of that work at the high school level.
It’s free! innovationportal.org

International Technology and Engineering Educators Association (ITEEA) is the professional organization for technology, innovation, design,
and engineering educators that strengthens the profession through leadership, professional development, membership services,
publications, and classroom activities. ITEEA developed Engineering by Design (EbD), a standards-based curriculum for Grades K-12 that
delivers technological literacy in a STEM context. iteea.org

National Engineer’s Week Foundation — The National Engineer’s Week Foundation provides a portfolio of year-round outreach programs,
each with an underlying framework and materials. Programs include National Engineer’s Week, DiscoverE Educator Awards, National
Engineer’s Week Future City Awards, Introduce a Girl to Engineering Day, and more. eweek.org

Project Lead the Way (PLTW) is a non-profit organization that provides hands-on, project-based STEM education curricular programs used in
middle and high schools. The PLTW program includes a comprehensive curriculum for engineering and biomedical sciences, professional
development, and a network of educators, students, universities, and professionals. pltw.org

TeachEngineering — TeachEngineering.org is a collaborative project between faculty, students and teachers associated with five universities
and the American Society for Engineering Education, with NSF National Science Digital Library funding. TeachEngineering.org is a searchable,
web-based digital library collection populated with standards-based engineering curricula for use by K-12 teachers and engineering faculty to
make applied science and math (engineering) come alive in K-12 settings. www.teachengineering.org/

TechXcite, a partnership between the Pratt School of Engineering at Duke University, the Department of 4-H Youth Development and Family
& Consumer Sciences at North Carolina State University and the National 4-H Council, is a program to build capacity for teaching STEM
subjects in afterschool programs. The TechXcite curriculum consists of engineering-based learning modules that each include four to six 45
minute activities intended to introduce middle-school age students to a real-life current technology through meaningful, hands-on

exploration. techxcite.org
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