Science Standards 101
Summer 2015

Virginia Rhame, NWAESC Science Specialist
vrhame@starfishnw.org

Lesley Merritt, CMASE Science Specialist
Imerritt@uark.edu

Today’s ppt available at http://nwaescscience.pbworks.com/

Goals: Participants will . ..

* Better understand the NRC Framework and the three dimensions of
Disciplinary Core ldeas, Science and Engineering Practices, and
Crosscutting Concepts.

* Be able to better support students participation in Science and
Engineering Practices

* Be able to identify and better integrate Crosscutting Concepts into
current curriculum

* Be able to successfully navigate and read new standards and
supporting documents

Tentative Agenda:

8:30-9:00 Introduction, Agenda, Goals

9:00-9:25 Engage in a Typical Science Activity

9:25-10:00 Begin overview of NRC Framework and it's Three
Dimensions (Core Ideas, Practices, and Crosscutting
Concepts)

10:00-10:15 | Break

10:15-11:30 | Continue Overview of the Three Dimensions

11:30-12:00 | Lunch

12:00-1:00 Complete Overview of the Three Dimensions

1:00-1:30 Navigating The Standards

1:30-1:45 Break

1:15-2:45 Navigating Standards, Planning for Transition

2:45-3.00 Wrap-Up and Reflect
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Status of Science Standards and Testing, July 2015:
An Update from your Friendly Northwest Arkansas Science Specialists
Lesley Merritt, CMASE, Imerritt@uark.edu
Virginia Rhame, NWAESC, vrhame@starfishnw.orqg
**Questions? Just email Lesley and Virginia. We are here to help.**

New K-8 Science Standards Have Been Adopted:

On June 11, 2015, the State Board of Education voted unanimously to adopt the new Arkansas K-8 Science
Standards. All standards K-8 have been broken down into grade levels. (In middle school, they are no
longer only chunked together as middle school standards. Now, 6", 7" and 8" grades have grade-specific
standards.) To view your standards go to (new standards are toward the bottom of the page so scroll
down):
http://www.arkansased.gov/divisions/learning-services/curriculum-and-instruction/curriculum-framework-
documents/science

Timeline for Implementation:

Though new standards have been adopted for grades K-8, implementation in those grades is not
immediate. See timeline below for when your grade level will implement new science standards. The
timeline is available at http://www.arkansased.gov/divisions/learning-services/curriculum-and-
instruction/arkansas-k-12-science-standards .
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Progress of 9"-12™ Grade Standards:

A committee of educators from across the state started work this June to determine courses and standards
for high school. It is their goal to have standards ready to submit to the State Board of Education for
adoption this coming spring.

Testing:

This recent commissioner's memo shares the testing calendar for this upcoming school year:
http://adesharepoint? arkansas.gov/memos/Lists/Approved%20Memos/DispForm2.aspx?1D=1597&Source=
http%3A%2F %2F adesharepoint2%2Earkansas%2Egov%2Fmemos%2F Lists%2F Approved%2520Memos %
2FAllltems%2Easpx

What does this mean for science? ACT Aspire will be administered to students in grades 3-10 instead of
PARCC and Benchmark/EOC. ACT Aspire has a science section so students at grades 3-10 will take a
science test. In eleventh grade, students will have the option of taking the ACT (paid for by the state.) For
more information about ACT Aspire, go to hitp://www.discoveractaspire.org.




Planning for New Science Standards

hitp://www .arkansased.gov/divisions/learning-services/curriculum-and-
instruction/arkansas-k-12-science-standards

http://www.nextgenscience.org/next-generation-science-standards
Official website for the Next Generation Science Standards

http://www.nap.edu/catalog.php?record id=13165
Where to order or download the NRC Framework for K12 Science Education
(the download is free, just have to register with email)

http://nwaescscience.pbworks.com/
Virginia Rhame’s wiki

http://cmasescience.pbworks.com
Lesley Merritt's Wiki

http://cmase.uark.edu
Website for CMASE

http://crosscutsymbols.weebly.com
Crosscut Concepts Weebly

http://ngss.nsta.org

NSTA website that includes all things NGSS, definitely worth browsing, has
webinars over the Science and Engineering Practices and other NGSS related
information

http://createdstem.msu.edu/ngss/workshop/getting-to-know
Browse, loads of NGSS-related materials

http.//tocls4teachingscience.org

Funded by an NSF grant, the “web site provides tools and resources that
support ambitious science instruction at the middle school and high school
levels.”

http://nextgensciwi.com/wi-cesa-resources
Wisconsin website, loads of resources




SUBTLE SHIFTS: ADAPTING ACTIVITIES FOR INQUIRY

HANDOUT

Changes Activity (Shifted)

In this activity, you’ll try to determine whether or not a chemical change has taken place by investigating the question,
“What indicates the occurrence of a chemical change?” Careful observations will help you gather evidence.

Exploration: Part |

Read all of Part I. Then design a data-collection
sheet on which you can record what you do and
what you observe. Be sure that it is in a format
that is easy to follow and can be shared with oth-
ers. Then do the activity.

e Put on your safety equipment.

* Place: \.Kgrmns sodium bicarbonate
(NaHCO3 ) and ‘b’o ras' Of calcium chloride
(CaCl, ) into a ziplock%ag

e Fill a medicine cup with 5 mL of phenol red so-
lution. Carefully place the cup in the bag, keep-
ing it upright until after you zip the bag closed.

* Squeeze out as much air as possible and seal the

bag.

» Keeping the bag sealed, tip the cup over, mix
the chemicals together, and observe the result.

¢ Record what you did and what you observed on

your data-collection sheet. Record the evidence
you think indicates a chemical change.

Exploration: Part Il

Choose Option A or Option B (below) to continue
your investigation. Design a new data-collection
sheet for that option. Complete the second option

if

time permits, using another data collection

sheet.

OPTION A

* Predict what would happen if you tried
the experiment again but left out one of
the chemicals.

* Test your prediction. Record what you
did and what you observed.

* Repeat this experiment, leaving out a dif-
ferent chemical.

OPTION B
* Predict what would happen if you varied
the amount of one of the chemicals.

¢ Test your prediction. Record what you did
and what you observed.

* Repeat this experiment several times, each
time varying a different chemical.

Summary

1.

2,

Analyze and summarize the results of your
experiments on your data-collection sheets.

List any questions you still have on your data-
collection sheets.

Describe what you have discovered about
chemistry from this activity.

Adapted from an activity created by the Earth System Implementation Project of Anchorage, Alaska. Presented at
the Kits to Inquiry Graduate Seminar at the Exploratorium’s Institute for Inquiry, March 1999.

INSTITUTE FOR INQUIRY:
www.exploratorium.edu/ifi

© Exploratorium

explOratorium‘ M3
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How Engineering and Science Differ

Engineering and science are similar in that both involve creative processes, and neither uses just one
method. And just as scientific investigation has been defined in different ways; engineering design has been
described in various ways. However, there is widespread agreement on the broad outlines of the engineering
design process [24, 25].

Like scientific investigations, engineering design is both iterative and systematic. It is iterative in that
each new version of the design is tested and then modified, based on what has been learned up to that point.
It is systematic in that a number of characteristic steps must be undertaken. One step is identifying the
problem and defining specifications and constraints. Another step is generating ideas for how to solve the
problem; engineers often use research and group sessions (e.g., “brainstorming”) to come up with a range of
solutions and design alternatives for further development. Yet another step is the testing of potential
solutions through the building and testing of physical or mathematical models and prototypes, all of which
provide valuable data that cannot be obtained in any other way. With data in hand, the engineer can analyze
how well the various solutions meet the given specifications and constraints and then evaluate what is needed
to mmprove the leading design or devise a better one.

In contrast, scientific studies may or may not be driven by any immediate practical application. On one
hand, certain kinds of scientific research, such as that which led to Pasteur’s fundamental contributions to
the germ theory of disease, were undertaken for practical purposes and resulted in important new
technologies, including vaccination for anthrax and rabies and the pasteurization of milk to prevent
spoilage. On the other hand, many scientific studies, such as the search for the planets orbiting distant stars
are driven by curiosity and under- taken with the aim of answering a question about the world or
understanding an observed pattern. For science, developing such an explanation constitutes success in and
of itself, regardless of whether it has an immediate practical application; the goal of science is to develop a
set of coherent and mutually consistent theoretical descriptions of the world that can provide explanations
over a wide range of phenomena, For engineering, however, success is measured by the extent to which a
human need or want has been addressed.

£

Students’ opportunities to immerse
themselves in these practices and to explore why they are central to science and engineering are
critical to appreciating the skill of the expert and the nature of his or her enterprise.
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Both scientists and engineers engage in argumentation, but they do so with different goals. In
engineering, the goal of argumentation is to evaluate prospective designs and then produce the most effective
design for meeting the specifications and constraints. This optimization process typically involves trade-offs
between competing goals, with the consequence that there is never just one “comect” solution to a design
challenge. Instead, there are a number of possible solutions, and choosing among them inevitably involves
personal as well as technical and cost considerations. Moreover, the continual arrival of new technologies
enables new solutions.

In contrast, theories in science must meet a very different set of criteria, such as parsimony (a
preference for simpler solutions) and explanatory coherence (essentially how well any new theory provides
explanations of phenomena that fit with observations and allow predictions or inferences about the past to
be made). Moreover, the aim of science is to find a single coherentand comprehensive theory for a range of
related phenomena. Multiple competing explanations are regarded as unsatisfactory and, if possible, the
contradictions they contain must be resolved through more data, which enable either the selection of the best
available explanation or the development of a new and more comprehensive theory for the phenomena in
question.

Although we do not expect K-12 students to be able to develop new scientific theories, we do expect
that they can develop theory-based models and argue using them, in conjunction with evidence from
observations, to develop explanations. Indeed, developing evidence-based models, arguments, and
explanations is key to both developing and demonstrating understanding of an accepted scientific
viewpoint.

| A focus on practices (in the plural) avoids the mistaken impression

that there is one distinctive approach common to all science—a single
“scientific method.”
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Assessable

Component

Foundation Boxes

Connection Boxes

How to Read An asterisk indicates an

Arkansas K-12 Science Standards engineering connection

Topic to a practice or

disciplinary core idea.

GRADE TWO

' X

ne if plants need sunlight and water to grow. [Assessme

Performance variable at a time.]

Expectations tion of an animal in dispersing seeds or pollinating plan
(PEs) ompare the diversity of life in different habitats. [Clarific

J) things in a variety of habitats.] [Assessment

include specific animal and plant names in specific habitats.]

L Discipiinary Coreideas || Crosscutting Concepts

LS2.A: Interdependent Relationships in Cause and Effect
Ecosystems * Events have causes that
Plants depend on water and light to grow. generate observable
(2-LS2-1) pattems. (2-LS2-1)
Plants depend on animals for pollination or to | Structure and Function
move their seeds around. (2-LS2-2) * The shape and stability of
.D: Biodiversity and Humans structures of natural and
* There are many different kinds of IMng designed objects are
d object things in any area, and thi it ir function(s).
places on land and in wa
ETS1.B: Developing P

Planning and carrying out investigations to = Designs can be conveyed thrgligh sketches,

Designates which

physical replica, dic PE uses this
practice

answer questions or test solutions to drawings, or physical model
problems in K-2 builds on prior experiences representations are useful igf communicating
and progresses to simple investigations, ideas for a problem’s solutjns to other g
based on fair tests, which provide data to people. (2-L52-2) Designates which
mgmhmwm solutions. PE incorporates
o conduct an investigation this crosscutting

collaboratively to produce data to serve concept (CC)

as the basis for evidence to answer a Desi t hich

question. (2-0.52-1) esignates whic
* Make observations (firsthand or from PE incorporates

media) to collect data that can be used to this disciplinary

make comparisons. (2-L.84-1) core idea (DCI)

Connections to Nature of Science
- Connections to the
“ -

m"“‘“’" Knowledge is Based Nature of Science

« Scientists look for patterns and order
when making observations about the
world. (2-LS4-1
onnec s [0 olher s In second grade: NI/A

i & Tevels. R |

LS4-1); 3.L.84.D (2-LS4-1); 5.L81.C (2-LS2-1); SLSZA(Z LSZ- ;

[“Common Core Slale Slandards Conneclions.

ELA/Literacy - :

W.2.7 Participate in shared research and writing projects (e.g., read a number of b
record science observations). (2-LS2-1, 2-LS4-1)

d _ks on a single topic to produce a report;

DCI codes from

W.2.8 Recall information from experiences or gather information from provided sou A Framework for . S2-1,
2-1.54-1)

SL.2.5 Create audio recordings of stories or poems; add drawings or other visual dif K-72 Science experiences
when appropriate to clarify ideas, thoughts, and feelings. (2-LS2-2) Education in

Mathematics - boldface type.

MP.2 Reason abstractly and quantitatively. (2-LS2-1, 2-LS4-1)

MP.4 Model with mathematics. (2-LS2-1, 2-L82-2, 2-L54-1)

MP.5 Use appropriate tools strategically. (2-L52-1)

2.MD.D.10 Draw a picture graph and a bar graph (with single-unit scale) to represent a data set with up to four categories. Solve

simple put-together, take-apart, and compare problems. (2-LS2-2, 2-LS4-1)




GRADE FIVE

Structure and Properties of Matter

Students who demonstrate understanding can:

5-PS1-1 Develop a model to describe that matter is made of particles too small to be seen. [Clarification Statement:
Examples of evidence supporting a model could include adding air to expand a basketball, compressing air in a
syringe, dissolving sugar in water, and evaporating salt water.] [Assessment Boundary: Assessment does not
include the atomic-scale mechanism of evaporation and condensation or defining the unseen particles.]

5-PS1-2  Measure and graph quantities to provide evidence that regardless of the type of change that occurs when
heating, cooling, or mixing substances, the total weight of matter is conserved. [AR Clarification Statement:
Examples could include chemical reactions that form new substances or physical changes including phase
changes, dissolving, and mixing.] [AR Assessment Boundary: Assessment does not include distinguishing mass
from weight or reactions that involve gases.]

5-P§1-3  Make observations and measurements to identify materials based on their properties. [Clarification
Statement: Examples of materials to be identified could include baking soda and other powders, metals, minerals,
and liquids. Examples of properties could include color, hardness, reflectivity, electrical conductivity, thermal
conductivity, response to magnetic forces, and solubility; density is not intended as an identifiable property.]
[Assessment Boundary: Assessment does not include density or distinguishing mass from weight.]

5-PS1-4  Conduct an investigation to determine whether the mixing of two or more substances results in new
substances. [AR Clarification Statement: Examples of qualitative evidence could include temperature change,
color change, odor change, and the formation of a gas to determine if a new substance has formed.]

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

Developing and Using Models
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.

« Develop a model to describe
phenomena. (5-PS1-1)

Planning and Carrying Out
Investigations

Planning and carrying out
investigations to answer guestions 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.

» Conduct an investigation
collaboratively to produce data fo
serve as the basis for evidence,
using fair tests in which variables
are controlled and the number of
trials considered. (5-PS1-4)

- Make observations and
measurements to produce data to
serve as the basis for evidence for
an explanation of a phenomenon.
(5-PS1-3)

G et iscipling re ldes

= Matter of any type can be subdivided into
particles that are too small to see, but even
then the matter still exists and can be
detected by other means. A model showing
that gases are made from matter particles
that are too small to see and are moving
freely around in space can explain many
observations, including the inflation and
shape of a balloon and the effects of air on
larger particles or objects. (5-PS1-1)

= The amount (weight) of matter is conserved
when it changes form, even in transitions in
which it seems to vanish. (5-PS1-2)

- Measurements of a variety of properties can
be used to identify materials. (Boundary: At
this grade level, mass and weight are not
distinguished, and no attempt is made to
define the unseen particles or explain the
atomic-scale mechanism of evaporation and
condensation.) (5-PS1-3)

PS1.B: Chemical Reactions

= When two or more different substances are
mixed, a new substance with different
properties may be formed. (5-PS1-4)

- No matter what reaction or change in
properties occurs, the total weight of the
substances does not change. (Boundary:
Mass and weight are not distinguished at
this grade level.) (5-PS1-2)

PS1.A: Structure and Properties of Matter

= Cause and effect relationships
are routinely identified, tested,
and used to explain change.
(5-PS1-4)
Scale, Proportion, and Quantity
= Natural objects exist from the
very small to the immensely
large. (5-PS1-1)
= Standard units are used to
measure and describe physical
quantities such as weight, time,
temperature, and volume.
(5-PS1-2, 5-PS1-3)

Connections to Nature of
Science

Scientific Knowledge Assumes
an Order and Consistency in
Natural Systems
» Science assumes consistent
patterns in natural systems.
(5-PS1-2)

Grade 5: Structure and Properties of Matter
Arkansas K-12 Science Standards
Arkansas Department of Education

2015




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

= Measure and graph quantities such

as weight to address scientific and
engineering questions and
problems. (5-PS51-2)

Connections to other DCls in fifth grade: N/A

Connections to other DCls across grade levels: 2.PS1.A (5-PS1-1, 5-PS1-2, 5-PS1-3); 2.PS1.B (5-PS1-2, 5-PS1-4);
7.PS1.A (5-PS1-1, 5-PS1-2, 5-PS1-3, 5-PS1-4); 7.PS1.B (5-PS1-2, 5-PS1-4)

Common Core State Standards Connections:
ELA/Literacy —

RL5.7 Draw on information from multiple print or digital sources, demonstrating the ability to locate an answer to a question
quickly or to solve a problem efficiently. (5-PS1-1)

W.5.7 Conduct short research projects that use several sources to build knowledge through investigation of different
aspects of a topic. (5-PS1-2, 5-PS1-3, 5-PS1-4)

W.5.8 Recall relevant information from experiences or gather relevant information from print and digital sources; summarize
or paraphrase information in notes and finished work, and provide a list of sources. (5-PS1-2, 5-PS1-3, 5-PS1-4)

W.5.9 Draw evidence from literary or informational texts to support analysis, reflection, and research.
(5-PS1-2, 5-PS1-3, 5-PS1-4)

Mathematics —

MP.2 Reason abstractly and quantitatively. (5-PS1-1, 5-PS1-2, 5-PS1-3)

WP.4 Model with mathematics. (5-PS1-1, 5-PS1-2, 5-PS1-3)

MP.5 Use appropriate tools strategically. (5-PS1-2, 5-PS1-3)

5.NBT.A.1 Explain patterns in the number of zeros of the product when multiplying a number by powers of 10, and explain

patterns in the placement of the decimal point when a decimal is multiplied or divided by a power of 10. Use whole-
number exponents to denote powers of 10. (5-PS1-1)

5.NF.B.7 Apply and extend previous understandings of division to divide unit fractions by whole numbers and whole numbers
by unit fractions. (5-PS1-1)

5.MD.A.1 Convert among different-sized standard measurement units within a given measurement system (e.g., convert 5 cm
to 0.05 m), and use these conversions in solving multi-step, real-world problems. (5-PS1-2)

5.MD.C.3 Recognize volume as an attribute of solid figures and understand concepts of volume measurement. (5-PS1-1)

5.MD.C.4 Measure volumes by counting unit cubes, using cubic cm., cubic in., cubic ft., and improvised units. (5-PS1-1)
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Transitioning to Implementation

After exploring the New Arkansas Science Standards or NGSS at the grade level you currently
teachers, choose one Performance Expectation (or a group of related PEs) that overlaps with
what you teach currently and that you plan to explicitly incorporate in to your curriculum. Answer the
following questions in writing related to the standards you have chosen.

Part A: Shifting Lessons and Units
1. Write out the PE/standard you choose (don't just write the code for the standard)

2. ldentify the portions of the PE you choose below using the foundation box.

Disciplinary Core
ldea

Science and
Engineering Practice
(BEP)

Crosscutting Concept
(CCC)

3. What will you need to do differently with this content in order successfully incorporate SEP and
CCC?

4. What other SEPs and CCCs would be a good fit for this content?

Part B: Adding to all Curriculum

5. Look at the progressions for the SEP and the CCC you identified as a part of the PE in the table
above. Describe specific examples of how you can incorporate the same practice and crosscutting
concept into your curriculum throughout the year with other content.

SEP

CCC



