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Utah Science with Engineering
Fducation Standards

Utah’s Science and Engineering Education (SEEd) standards were written by Utah educators
and scientists, using a wide array of resources and expertise. A great deal is known about good
science instruction. The writing team used sources including A Framework for K-12 Science
Education, the Next Generation Science Standards?, and related works to craft research-based
standards for Utah. These standards were written with students in mind, including develop-
mentally appropriate progressions that foster learning that is simultaneously age-appropriate
and enduring. The aim was to address what an educated citizenry should know and under-
stand to embrace the value of scientific thinking and make informed decisions. The SEEd stan-
dards are founded on what science is, how science is learned, and the multiple dimensions of
scientific work.

Principles of Scientific Literacy

Science is a way of knowing, a process for understanding the natural world. Engineering ap-
plies the fields of science, technology, and mathematics to produce solutions to real-world
problems. The process of developing scientific knowledge includes ongoing questioning, test-
ing, and refinement of ideas when supported by empirical evidence. Since progress in modern
society is tied so closely to this way of knowing, scientific literacy is essential for a society to
be engaged in political and economic choices on personal, local, regional, and global scales.
As such, the Utah SEEd standards are based on the following essential elements of scientific
literacy.

Science is valuable, relevant, and applicable.

Science produces knowledge that is inherently important to our society and culture.
Science and engineering support innovation and enhance the lives of individuals and so-
ciety. Science is supported from and benefited by an equitable and democratic culture.
Science is for all people, at all levels of education, and from all backgrounds.

Science is a shared way of knowing and doing.

Science learning experiences should celebrate curiosity, wonder, skepticism, precision, and
accuracy. Scientific habits of mind include questioning, communicating, reasoning, analyz-
ing, collaborating, and thinking critically. These values are shared within and across scien-
tific disciplines, and should be embraced by students, teachers, and society at large.

Science is principled and enduring.

Scientific knowledge is constructed from empirical evidence; therefore, it is both change-
able and durable. Science is based on observations and inferences, an understanding of
scientific laws and theories, use of scientific methods, creativity, and collaboration. The
Utah SEEd standards are based on current scientific theories, which are powerful and
broad explanations of a wide range of phenomena; they are not simply guesses nor are
they unchangeable facts. Science is principled in that it is limited to observable evidence.
Science is also enduring in that theories are only accepted when they are robustly sup-
ported by multiple lines of peer reviewed evidence. The history of science demonstrates
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how scientific knowledge can change and progress, and it is rooted in the cultures from which
it emerged. Scientists, engineers, and society, are responsible for developing scientific under-
standings with integrity, supporting claims with existing and new evidence, interpreting com-
peting explanations of phenomena, changing models purposefully, and finding applications
that are ethical.

Principles of Science Learning

Just as science is an active endeavor, students best learn science by engaging in it. This includes
gathering information through observations, reasoning, and communicating with others. It is not
enough for students to read about or watch science from a distance; learners must become active
participants in forming their ideas and engaging in scientific practice. The Utah SEEd standards
are based on several core philosophical and research-based underpinnings of science learning.

Science learning is personal and engaging.

Research in science education supports the assertion that students at all levels learn most
when they are able to construct and reflect upon their ideas, both by themselves and in col-
laboration with others. Learning is not merely an act of retaining information but creating
ideas informed by evidence and linked to previous ideas and experiences. Therefore, the most
productive learning settings engage students in authentic experiences with natural phenom-
ena or problems to be solved. Learners develop tools for understanding as they look for pat-
terns, develop explanations, and communicate with others. Science education is most effec-
tive when learners invests in their own sense-making and their learning context provides an
opportunity to engage with real-world problems.

Science learning is multi-purposed.

Science learning serves many purposes. We learn science because it brings us joy and appre-
ciation but also because it solves problems, expands understanding, and informs society. It
allows us to make predictions, improve our world, and mitigate challenges. An understand-
ing of science and how it works is necessary in order to participate in a democratic society. So,
not only is science a tool to be used by the future engineer or lab scientist but also by every
citizen, every artist, and every other human who shares an appreciation for the world in which
we live.

All students are capable of science learning.

Science learning is a right of all individuals and must be accessible to all students in equitable
ways. Independent of grade level, geography, gender, economic status, cultural background,
or any other demographic descriptor, all K-12 students are capable of science learning and
science literacy. Science learning is most equitable when students have agency and can en-
gage in practices of science and sense-making for themselves, under the guidance and men-
toring of an effective teacher and within an environment that puts student experience at the
center of instruction. Moreover, all students are capable learners of science, and all grades and
classes should provide authentic, developmentally appropriate science instruction.



Three Dimensions of Science

Science is composed of multiple types of knowledge and tools. These include the processes of
doing science, the structures that help us organize and connect our understandings, and the
deep explanatory pieces of knowledge that provide predictive power. These facets of science
are represented as “three dimensions” of science learning, and together these help us to make
sense of all that science does and represents. These include science and engineering prac-
tices, crosscutting concepts, and disciplinary core ideas. Taken together, these represent how
we use science to make sense of phenomena, and they are most meaningful when learned in
concert with one another. These are described in A Framework for K-12 Science Education, ref-
erenced above, and briefly described here:

Science and Engineering Practices (SEPs): Practices refer to the things that scientists and
engineers do and how they actively engage in their work. Scientists do much more than
make hypotheses and test them with experiments. They engage in wonder, design, mod-
eling, construction, communication, and collaboration. The practices describe the variety
of activities that are necessary to do science, and they also imply how scientific thinking

is related to thinking in other subjects, including math, writing, and the arts. For a further
understanding of science and engineering practices see Chapter 3 in A Framework for K-12
Science Education.

Crosscutting Concepts (CCCs): Crosscutting concepts are the organizing structures that
provide a framework for assembling pieces of scientific knowledge. They reach across dis-
ciplines and demonstrate how specific ideas are united into overarching principles. For
example, a mechanical engineer might design some process that transfers energy from a
fuel source into a moving part, while a biologist might study how predators and prey are
interrelated. Both of these would need to model systems of energy to understand how all
of the features interact, even though they are studying different subjects. Understanding
crosscutting concepts enables us to make connections among different subjects and to
utilize science in diverse settings. Additional information on crosscutting concepts can be
found in Chapter 4 of A Framework for K-12 Science Education.

Disciplinary Core Ideas (DCls): Core ideas within the SEEd Standards include those most
fundamental and explanatory pieces of knowledge in a discipline. They are often what we
traditionally associate with science knowledge and specific subject areas within science.
These core ideas are organized within physical, life, and earth sciences, but within each
area further specific organization is appropriate. All these core ideas are described in chap-
ters 5 through 8 in the K-12 Framework text, and these are employed by the Utah SEEd
standards to help clarify the focus of each strand in a grade level or content area.

Even though the science content covered by SEPs, CCCs, and DCls is substantial, the Utah
SEEd standards are not meant to address every scientific concept. Instead, these standards
were written to address and engage in an appropriate depth of knowledge, including per-
spectives into how that knowledge is obtained and where it fits in broader contexts, for
students to continue to use and expand their understandings over a lifetime.
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Articulation of SEPs, CCCs, and DCls

Science and Engineering Practices

Crosscutting Concepts

Disciplinary Core Ideas

Asking questions or defining problems:
Students engage in asking test-
able questions and defining prob-
lems to pursue understandings of
phenomena.

Developing and using models:
Students develop physical, conceptual,
and other models to represent relation-
ships, explain mechanisms, and predict
outcomes.

Planning and carrying out
investigations:
Students plan and conduct scientific in-
vestigations in order to test, revise, or de-
velop explanations.

Analyzing and interpreting data:
Students analyze various types of data in
order to create valid interpretations or to
assess claims/conclusions.

Using mathematics and computational
thinking:
Students use fundamental tools in sci-
ence to compute relationships and inter-
pret results.

Constructing explanations and design-
ing solutions:
Students construct explanations about
the world and design solutions to prob-
lems using observations that are consis-
tent with current evidence and scientific
principles.

Engaging in argument from evidence:
Students support their best explanations
with lines of reasoning using evidence to
defend their claims.

Obtaining, evaluating, and communi-

cating information:
Students obtain, evaluate, and derive
meaning from scientific information or
presented evidence using appropriate
scientific language. They communicate
their findings clearly and persuasively in
a variety of ways including written text,
graphs, diagrams, charts, tables, or orally.

Patterns:

Students observe pat-
terns to organize and clas-
sify factors that influence
relationships

Cause and effect:

Students investigate and
explain causal relationships
in order to make tests and
predictions.

Scale, proportion, and

quantity:
Students compare the
scale, proportions, and
quantities of measure-
ments within and between
various systems.

Systems and system models:

Students use models to ex-
plain the parameters and
relationships that describe
complex systems.

Energy and matter:

Students describe cycling
of matter and flow of ener-
gy through systems, includ-
ing transfer, transformation,
and conservation of energy
and matter.

Structure and function:

Students relate the shape
and structure of an object
or living thing to its proper-
ties and functions.

Stability and change:

Students evaluate how and
why a natural or construct-
ed system can change or
remain stable over time.

Physical Sciences:

(PS1) Matter and Its
Interactions

(PS2) Motion and
Stability: Forces and
Interactions

(PS3) Energy

(PS4) Waves

Life Sciences:

(LS1) Molecules to
Organisms

(LS2) Ecosystems

(LS3) Heredity

(LS4) Biological Evolution

Earth and Space Sciences:
(ESS1) Earth’s Place in the
Universe
(ESS2) Earth’s Systems
(ESS3) Earth and Human
Activity

Engineering Design:
(ETS1.A) Defining and
Delimiting an
Engineering
Problem
Developing
Possible
Solutions
Optimizing the
Design Solution

(ETS1.B)

(ETS1.0)

»See the appendix
for more informa-
tion about the three
dimensions.




Organization of Standards

The Utah SEEd standards are organized into strands which represent significant areas of
learning within grade level progressions and content areas. Each strand introduction is an
orientation for the teacher in order to provide an overall view of the concepts needed for
foundational understanding. These include descriptions of how the standards tie together
thematically and which DCls are used to unite that theme. Within each strand are stan-
dards. A standard is an articulation of how a learner may demonstrate their proficiency,
incorporating not only the disciplinary core idea but also a crosscutting concept and a sci-
ence and engineering practice. While a standard represents an essential element of what
is expected, it does not dictate curriculum—it only represents a proficiency level for that
grade. While some standards within a strand may be more comprehensive than others, all
standards are essential for a comprehensive understanding of a strand’s purpose.

The standards of any given grade or course are not independent. SEEd standards are writ-
ten with developmental levels and learning progressions in mind so that many topics are
built upon from one grade to another. In addition, SEPs and CCCs are especially well paral-
leled with other disciplines, including English language arts, fine arts, mathematics, and
social sciences. Therefore, SEEd standards should be considered to exist not as an island
unto themselves, but as a part of an integrated, comprehensive, and holistic educational
experience.

Each standard is framed upon the three dimensions of science to represent a cohesive,
multi-faceted science learning outcome.

m Within each SEEd Standard Science and Engineering Practices are bolded.
m Crosscutting Concepts are underlined.

m Disciplinary Core Ideas are added to the standard in normal font with the relevant
DCls codes from the K-12 Framework (indicated in parentheses after each standard)
to provide further clarity.

m Standards with specific engineering expectations are italicized.

m Many standards contain additional emphasis and example statements that clarify the
learning goals for students.

m Emphasis statements highlight a required and necessary part of the student
learning to satisfy that standard.

m Example statements help to clarify the meaning of the standard and are not
required for instruction.
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UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

An example of a SEEd standard:

B Standard K.2.4 Design and communicate a solution to address the effects that living
things (plants and animals, including humans) experience while trying
to survive in their surroundings. Define the problem by asking questions
and gathering information, convey designs through sketches, drawings, or
physical models, and compare designs. Emphasize students working from
a plant, animal, or human perspective. Examples could include a plant
growing to get more sunlight, a beaver building a dam, or humans caring
for the Earth by reusing and recycling natural resources. (ESS3.C, ETS1.A,
ETS1.B, ETS1.Q)

Each part of the above SEEd standard is identified in the following diagram:

Science and Engineering Practices (SEP) are bolded:
Design and communicate a solution

Crosscutting Concepts (CCC) are underlined:
effects

Disciplinary Core Ideas (DCI) are added in the standard in regular/normal font:

that living
things (plants and animals, including humans) experience while trying
to survive in their surroundings.

Disciplinary Core Idea (DCI) codes are listed in parentheses at the end of each standard:
(ESS3.C, ETS1.A,
ETS1.B, ETS1.0)

Engineering Expectations are italicized:
Define the problem by asking questions
and gathering information, convey designs through sketches, drawings, or
physical models, and compare designs.

Emphasis Statements start with the word “Emphasize...”:

Emphasize students working from
a plant, animal, or human perspective.

Example Statements start with “Examples could include...”:
Examples could include a plant
growing to get more sunlight, a beaver building a dam, or humans caring
for the Earth by reusing and recycling natural resources.
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UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

Goal of the SEEd Standards

The Utah SEEd Standards is a research-grounded document aimed at providing accurate
and appropriate guidance for educators and stakeholders. But above all else, the goal of
this document is to provide students with the education they deserve, honoring their abili-
ties, their potential, and their right to utilize scientific thought and skills for themselves

and the world that they will build.

' National Research Council. 2012. A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and
Core Ideas. Washington, DC: The National Academies Press. https://doi.org/10.17226/13165. This consensus
research document and its chapters are referred to throughout this document as a research basis for much of
Utah's SEEd standards.

2 Most Utah SEEd Standards are based on the Next Generation Science Standards (NGSS Lead States. 2013. Next
Generation Science Standards: For States, By States. Washington, DC: The National Academies Press) http://www.
nextgenscience.org
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UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

GRADE 2

INTRODUCTION

The second-grade SEEd standards provide a framework for students to construct explana-
tions for how matter on Earth’s surface changes. Students investigate how living things live
in habitats and have body structures that best fit their needs. Students use models to ex-
plain the forms and properties of matter. Additionally, students design solutions to prob-
lems that exist in these areas.
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UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

Earth has an ancient history of slow and gradual surface changes, punctuated with quick but
powerful geologic events like volcanic eruptions, flooding, and earthquakes. Water and wind
play a significant role in changing Earth’s surface. The effects of wind and water can cause
both slow and quick changes to the surface of the Earth. Scientists and engineers design solu-
tions to slow or prevent wind or water from changing the land.

B Standard 2.1.1 Develop and use models illustrating the patterns of landforms and
water on Earth. Examples of models could include valleys, canyons, or
floodplains and could depict water in the solid or liquid state. (ESS2.B,
ESS2.0)

B Standard 2.1.2 Construct an explanation about changes in Earth’s surface that happen
quickly or slowly. Emphasize the contrast between fast and slow changes.
Examples of fast changes could include volcanic eruptions, earthquakes,
or landslides. Examples of slow changes could include the erosion of
mountains or the shaping of canyons. (ESS1.C)

B Standard 2.1.3 Design solutions to slow or prevent wind or water from changing the
shape of land. Define the problem by asking questions and gathering
information, convey designs through sketches, drawings, or physical models,
and compare and test designs. Examples of solutions could include
retaining walls, dikes, windbreaks, shrubs, trees, and grass to hold back
wind, water, and land. (ESS2.A, ETS1.A, ETS1.B, ETS1.0)
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UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

Living things (plants and animals, including humans) need water, air, and resources from the
land to survive and live in habitats that provide these necessities. The physical characteristics
of plants and animals reflect the habitat in which they live. Animals also have modified behav-
iors that help them survive, grow, and meet their needs. Humans sometimes mimic plant and
animal adaptations to survive in their environment.

W Standard 2.2.1

H Standard 2.2.2

N Standard 2.2.3

H Standard 2.2.4

Obtain, evaluate, and communicate information about patterns

of living things (plants and animals, including humans) in different
habitats. Emphasize the diversity of living things in land and water
habitats. Examples of patterns in habitats could include descriptions of
temperature or precipitation and the types of plants and animals found in
land habitats. (LS2.C, LS4.C, LS4.D)

Plan and carry out an investigation of the structure and function of
plant and animal parts in different habitats. Emphasize how different
plants and animals have different structures to survive in their habitat.
Examples could include the shallow roots of a cactus in the desert or the
seasonal changes in the fur coat of a wolf. (LS1.A, LS4.C, LS4.D)

Develop and use a model that mimics the function of an animal
dispersing seeds or pollinating plants. Examples could include plants
that have seeds with hooks or barbs that attach themselves to animal
fur, feathers, or human clothing, or dispersal through the wind, or
consumption of fruit and the disposal of the pits or seeds. (LS2.A)

Design a solution to a human problem by mimicking the structure and
function of plants and/or animals and how they use their external parts
to help them survive, grow, and meet their needs. Define the problem

by asking questions and gathering information, convey designs through
sketches, drawings, or physical models, and compare and test designs.
Examples could include a human wearing a jacket to mimic the fur of an
animal or a webbed foot to design a better swimming fin. (LS1.A, LS1.D,
ETS1.A, ETS1.B, ETS1.C)
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UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

8z | z3avyeo

All things are made of matter which exists with different forms and properties. Matter can be
described and classified by its observable properties. Materials with certain properties are
well-suited for specific uses. Heating or cooling some types of matter may or may not irrevers-
ibly change their properties.

W Standard 2.3.1

H Standard 2.3.2

W Standard 2.3.3

H Standard 2.3.4

Plan and carry out an investigation to classify different kinds of
materials based on patterns in their observable properties. Examples
could include sorting materials based on similar properties such as
strength, color, flexibility, hardness, texture, or whether the materials are
solids or liquids. (PS1.A)

Construct an explanation showing how the properties of materials
influence their intended use and function. Examples could include using
wood as a building material because it is lightweight and strong or the
use of concrete, steel, or cotton due to their unique properties. (PS1.A)

Develop and use a model to describe how an object, made of a small
set of pieces, can be disassembled and reshaped into a new object with a
different function. Emphasize that a great variety of objects can be built
from a small set of pieces. Examples of pieces could include wooden
blocks or building bricks. (PS1.A)

Obtain, evaluate, and communicate information about changes in
matter caused by heating or cooling. Emphasize that some changes can
be reversed and some cannot. Examples of reversible changes could
include freezing water or melting crayons. Examples of irreversible
changes could include cooking an egg or burning wood. (PS1.B)



K-12 PROGRESSIONS

Research from A Framework for K12 Science Education: Practices, Crosscutting
Concepts, and Core Ideas (NRC, 2012), the foundational document from which the
Utah SEEd Standards were developed, “emphasizes developing students’ pro-
ficiency in science in a coherent way across grades K-12 following the logic of
learning progressions” (p. 33). This document emphasizes that learning progres-
sions are necessary for all three dimensions delineated in the report: Science and
Engineering Practices (SEPs), Crosscutting Concepts (CCCs), and Disciplinary Core
Ideas (DCls).

As a support for educators, The National Science Teaching Association (NSTA) has
provided general learning progressions in a matrix format that adhere to the out-
lined learning progression endpoints described in the Framework (NRC, 2012) doc-
ument. These Matrices visually display a coherent progression of the SEPs, CCCs,
and DCls through the K-2, 3-5, 6-8, and 9-12 grade bands.

The SEP, CCC, and DCl learning progressions for each Utah SEEd Standards are spe-
cifically delineated within the grade-level Core Guides. They were developed by
teams of Utah Educators with the USBE education specialists to serve as a resource
for Utah teachers as they consider classroom instruction aligned to the standards.
The DCl progressions for the K-12 Utah SEEd Standards can be found in this docu-
ment: K-12 SEEd DCI Science Concept Progressions.

This document provides the more general SEP and CCC learning progressions de-
veloped by NSTA and adapted within the Utah Science Core Guides. The learning
progressions of the SEPs and CCCs for each Utah SEEd Standard are slightly differ-
ent from the generic model to account for how the three dimensions work togeth-
er in a specific context. The following SEP matrices are color-coded in Blue, and the
CCC matrices are color-coded in green.
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UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

Asking Questions and Defining Problems

A practice of science is to ask and refine questions that lead to descriptions and explana-
tions of how the natural and designed world 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 engi-
neers also ask questions to clarify ideas.

Ask questions based on observations to find more Ask questions about what would happen if a variable is
information about the natural and/or designed world(s). changed.

Ask and/or identify questions that can be answered by an dentify scientific (testable) and nonscientific (non-testable)
investigation. questions.

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

[Intentionally left blank] [Intentionally left blank]

Define a simple problem that can be solved through the Use prior knowledge to describe problems that can be solved.

development of a new or improved object or tool. . .
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.

8SL | XION3ddY



6-8

9-12

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

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

Ask questions to determine relationships between
independent and dependent variables and relationships in
models.

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

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

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

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

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

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 the design.

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.

6SL | XION3ddV
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Developing and Using Models

UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

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 ex-
planations and proposed engineered systems. Measurements and observations are used

to revise models and designs.

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.

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 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.




UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

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 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 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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Planning and Carrying Out Investigations

Scientists and engineers plan and carry out investigations in the field or laboratory, work-
ing collaboratively as well as individually. Their investigations are systematic and require
clarifying what counts as data and identifying variables or parameters. Engineering inves-
tigations identify the effectiveness, efficiency, and durability of designs under different

conditions.
With guidance, plan and conduct an investigation in Plan and conduct an investigation collaboratively to produce
collaboration with peers (for K). data to serve as the basis for evidence, using fair tests in
S ) which variables are controlled and the number of trials
Plan and conduct an investigation collaboratively to produce considered
data to serve as the basis for evidence to answer a question.
Evaluate different ways of observing and/or measuring Evaluate appropriate methods and/or tools for collecting
a phenomenon to determine which way can answer a data.
question.
Make observations (firsthand or from media) and/or Make observations and/or measurements to produce data
measurements to collect data that can be used to make to serve as the basis for evidence for an explanation of a
comparisons. phenomenon or test a design solution.
Make observations (firsthand or from media) and/or Make predictions about what would happen if a variable
measurements of a proposed object or tool or solution to changes.
determine if it solves a problem or meets a goal. _ .
Test two different models of the same proposed object,
Make predictions based on prior experiences. tool, or process to determine which better meets criteria for
success.
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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 variables or effects and evaluate
the confounding 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); 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 the accuracy of various methods for collecting data.

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

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

Make directional hypotheses that specify what happens
to a dependent variable when an independent variable is
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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Analyzing and Interpreting Data

Scientific investigations produce data that must be analyzed to derive meaning. Because
data patterns and trends are not always obvious, scientists use a range of tools—includ-
ing 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 » »

Record information (observations, thoughts, and ideas). Represent data in tables and/or various graphical displays
(bar graphs, pictographs, and/or pie charts) to reveal

Use observations (firsthand or from media) to describe patterns that indicate relationships.

patterns and/or relationships in the natural and designed
world in order to answer scientific questions and solve
problems.

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

[Intentionally left blank] Analyze and interpret data to make sense of phenomena,
using logical reasoning, mathematics, and/or computation.

[Intentionally left blank] [Intentionally left blank]

[Intentionally left blank] Compare and contrast data collected by different groups in
order to discuss similarities and differences in their findings.

Analyze data from tests of an object or tool to determine if it | Analyze data to refine a problem statement or the design of a
works as intended. proposed object, tool, or process.

Use data to evaluate and refine design solutions.




» »makes the collection of large data sets much easier, providing secondary sources for anal-
ysis. 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.

6-8

9-12

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.

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.

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 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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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 recog-
nizing, expressing, and applying quantitative relationships. Mathematical and computa-
tional approaches enable scientists and engineers to predict the behavior of systems and
test the validity of such predictions.

[Intentionally left blank] [Intentionally left blank]

Use counting and numbers to identify and describe patterns | Organize simple data sets to reveal patterns that suggest
in the natural and designed world(s). relationships.

Describe, measure, and/or compare quantitative attributes of | Describe, measure, estimate, and/or graph quantities such
different objects and display the data using simple graphs. | as area, volume, weight, and time to address scientific and
engineering questions and problems.

Use quantitative data to compare two alternative solutions to | Create and/or use graphs and/or charts generated from
a problem. simple algorithms to compare alternative solutions to an
engineering problem.
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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 digital tools (e.g., computers) to analyze very large data
sets for patterns and trends.

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

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.

(reate 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 proposed solutions to an
engineering design problem.

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 complicated measurement problems involving
quantities with derived or compound units (e.g., mg/mL, kg/
m?, acre-feet).
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Constructing Explanations and Designing Solutions

The end-products of science are explanations and the end-products of engineering are
solutions. The goal of science is the construction of theories that provide explanatory ac-
counts 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 scien-
tific 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.

Use information from observations (firsthand and from Construct an explanation of observed relationships (e.g., the

media) to construct an evidence-based account for natural distribution of plants in the backyard).

phenomena.

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

[Intentionally left blank] |dentify the evidence that supports particular points in an
explanation.

Use tools and/or materials to design and/or build a device Apply scientific ideas to solve design problems.

that solves a specific problem or a solution to a specific ) )

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

Generate and/or compare multiple solutions to a problem. design solution.
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(Construct an explanation that includes qualitative or
quantitative relationships between variables that predict
and/or describe phenomena.

Construct an explanation using models or representations.

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

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.

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.

Apply scientific ideas or principles to design, construct, and/
or test a 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 trade-offs, testing, revising, and retesting.

Design, evaluate, and/or refine a solution to a complex
real-world problem, based on scientific knowledge, student-
generated sources of evidence, prioritized criteria, and trade-
off considerations.

691 | XION3ddV



0ZL | XION3ddY

UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

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 es-
sential 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.

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.

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.

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.

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.




6-8

9-12

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.

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, 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 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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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 mul-
tiple sources to obtain information that is used to evaluate the merit and validity of claims,
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methods, and designs.

K-2

3-5

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.

Describe how specificimages (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.

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.

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
scientificideas, 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.
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(ritically 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).

(ritically 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.

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.

Gather, read, and 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 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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Patterns

Observed patterns in nature guide organization and classification and prompt questions
about relationships and causes underlying them.

Patterns in the
natural and human-
designed world

can be observed,
used to describe
phenomena, and
used as evidence.

Similarities and
differences in
patterns can be
used to sort, classify,
communicate, and
analyze simple rates
of change for natural
phenomena and
designed products.

Patterns of change
can be used to make
predictions.

Patterns can be
used as evidence
to support an
explanation.

Macroscopic patterns
are related tothe
nature of microscopic
and atomic-level
structure.

Patterns in rates

of change and
other numerical
relationships can
provide information
about natural and
human designed
systems.

Patterns can be used
to identify cause and
effect relationships.

Graphs, charts, and
images can be used
to identify patterns in
data.

Different patterns
may be observed at
each of the scales
at which a system
is studied and can
provide evidence
for causality in
explanations of
phenomena.

Classifications or
explanations used
at one scale may
fail or need revision
when information
from smaller or
larger scales is
introduced, thus
requiring improved
investigations and
experiments.

Patterns of
performance of
designed systems
can be analyzed
and interpreted

to reengineer and
improve the system.

Mathematical
representations are
needed to identify
some patterns.

Empirical evidence
is needed to identify
patterns.
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Cause and Effect

Events have causes, sometimes simple, sometimes multifaceted. Deciphering causal rela-
tionships, and the mechanisms by which they are mediated, is a major activity of science

and engineering.

UTAH SCIENCE WITH ENGINEERING EDUCATION (SEEd) STANDARDS

Events have causes
that generate

Simple tests can be
designed to gather
evidence to support
or refute student
ideas about causes.

observable patterns.

Cause-and-effect
relationships are
routinely identified,
tested, and used to
explain change.

Events that occur
together with
regularity might
or might not be a
cause-and-effect
relationship.

Relationships can be
classified as causal
or correlational, and
correlation does not
necessarily imply
causation.

Cause-and-effect
relationships may
be used to predict
phenomenain
natural or designed
systems.

Phenomena may
have more than one
cause, and some
cause-and-effect
relationships in
systems can only
be described using
probability.

Empirical evidence

is required to
differentiate between
cause and correlation
and make claims
about specific causes
and effects.

Cause-and-effect
relationships can

be suggested

and predicted for
complex natural

and human-
designed systems by
examining what is
known about smaller
scale mechanisms
within the system.

Systems can be
designed to cause a
desired effect.

Changes in systems
may have various
causes that may not
have equal effects.
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Scale, Proportion, and Quantity

In considering phenomena, it is critical to recognize what is relevant at different size, time,
and energy scales, and to recognize proportional relationships between different quanti-

ties as scales change.

Relative scales allow
objects and events
to be compared
and described (e.g.,
bigger and smaller;
hotter and colder;
faster and slower).

Standard units are
used to measure
length.

Natural objects
and/or observable
phenomena exist
from the very small
to the immensely
large or from very
short to very long
time periods.

Standard units are
used to measure and
describe physical
quantities such

as weight, time,
temperature, and
volume.

Time, space, and
energy phenomena
can be observed at
various scales using
models to study
systems that are too
large or too small.

The observed
function of natural
and designed
systems may change
with scale.

Proportional
relationships (e.g.,
speed as the ratio of
distance traveled to
time taken) among
different types of
quantities provide
information about
the magnitude

of properties and
processes.

Scientific
relationships can be
represented through
the use of algebraic
expressions and
equations.

Phenomena that
can be observed at
one scale may not
be observable at
another scale.

The significance of

a phenomenon is
dependent on the
scale, proportion, and
quantity at which it
occurs.

Some systems can
only be studied
indirectly because
they are too small,
too large, too fast, or
too slow to observe
directly.

Patterns observable
at one scale may not
be observable or

exist at other scales.

Using the concept of
orders of magnitude
allows one to
understand how a
model at one scale
relates to a model at
another scale.

Algebraic thinking

is used to examine
scientific data and
predict the effect

of a change in one
variable on another
(e.g., linear growth vs.
exponential growth).
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System and System Models

A system is an organized group of related objects or components; models can be used for
understanding and predicting the behavior of systems.

Objects and
organisms can be
described in terms of
their parts.

Systems in the
natural and designed
world have parts that
work together.

A system is a group
of related parts
that make up a
whole and can
carry out functions
its individual parts
cannot.

A system can be
described in terms of
its components and
their interactions.

Systems may interact
with other systems;
they may have
subsystems and

be a part of larger
complex systems.

Models can be

used to represent
systems and their
interactions—such
as inputs, processes,
and outputs—and
energy, matter, and
information flows
within systems.

Models are limited

in that they only
represent certain
aspects of the system
under study.

Systems can be
designed to do
specific tasks.

When investigating
or describing

a system, the
boundaries and
initial conditions
of the system need
to be defined and
their inputs and
outputs analyzed
and described using
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.

Models can be

used to predict

the behavior of a
system, but these
predictions have
limited precision
and reliability due
to the assumptions
and approximations
inherent in models.
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Energy and Matter

Tracking energy and matter flows into, out of, and within systems helps one understand
their system’s behavior.

Objects may break
into smaller pieces,
be put together
into larger pieces, or
change shapes.

Matter is made of
particles.

Matter flows and
cycles can be
tracked in terms
of the weight of
the substances
before and after a
process occurs. The
total weight of the
substances does
not change. This

is what is meant
by conservation of
matter. Matter is
transported into,
out of, and within
systems.

Energy can be
transferred in various
ways and between
objects.

Matter is conserved
because atoms are
conserved in physical
and chemical
processes.

Within a natural or
designed system, the
transfer of energy
drives the motion
and/or cycling of
matter.

Energy may take
different forms (e.g.
energy in fields,
thermal energy,
energy of motion).

The transfer of
energy can be
tracked as energy
flows through a
designed or natural
system.

The total amount of
energy and matter
in closed systems is
conserved.

Changes of energy
and matterina
system can be
described in terms of
energy and matter
flows into, out of, and
within that system.

Energy cannot

be created or
destroyed— it only
moves between one
place and another
place, between
objects and/or fields,
or between systems.

Energy drives the
cycling of matter
within and between
systems.

In nuclear processes,
atoms are not
conserved, but

the total number

of protons plus
neutrons is
conserved.
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Structure and Function

The way an object is shaped or structured determines many of its properties and

functions.

The shape and
stability of structures
of natural and
designed objects

are related to their
function(s).

Different materials
have different
substructures, which
can sometimes be
observed.

Substructures have
shapes and parts that
serve functions.

Complex and
microscopic
structures and
systems can be
visualized, modeled,
and used to describe
how their function
depends on the
shapes, composition,
and relationships
among its parts;
therefore, complex
natural and designed
structures/systems
can be analyzed to
determine how they
function.

Structures can be
designed to serve
particular functions
by taking into
account properties
of different materials,
and how materials
can be shaped and
used.

Investigating or
designing new
systems or structures
requires a detailed
examination of

the properties of
different materials,
the structures

of different
components, and
connections of
components to
reveal their function
and/or solve a
problem.

The functions and
properties of natural
and designed
objects and systems
can be inferred

from their overall
structure, the way
their components
are shaped and used,
and the molecular
substructures of their
various materials.
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Stability and Change

For both designed and natural systems, conditions that affect stability and factors that
control rates of change are critical elements to consider and understand.

Some things stay the
same while other
things change.

Things may change
slowly or rapidly.

Change is measured
in terms of
differences over time
and may occur at
different rates.

Some systems
appear stable, but
over long periods of
time will eventually
change.

Explanations

of stability and
change in natural or
designed systems
can be constructed
by examining the
changes over time
and processes at
different scales,
including the atomic
scale.

Small changes in
one part of a system
might cause large
changes in another
part.

Stability might be
disturbed by either
sudden events or
gradual changes that
accumulate over
time.

Systems in dynamic
equilibrium are
stable dueto a
balance of feedback
mechanisms.

Much of science deals
with constructing
explanations of how
things change and
how they remain
stable.

Change and rates
of change can be
quantified and
modeled over
very short or very
long periods of
time. Some system
changes are
irreversible.

Feedback (negative
or positive)

can stabilize or
destabilize a system.

Systems can be
designed for greater
or lesser stability.
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