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Draw a Scientist!









Ab

e File Clerks

* Planes, Trains, and
Automobile Drivers

* Retail
* McJobs
* All Types of Office Work




NAEP STUDY CONCERNS:

In summary, the major findings of this study are that:

e Instructional time for science in the elementary grades has
dropped to an average of 2.3 hours per week, the lowest level

since 1994;
e Aggregated national and state-level data indicate that less time
for science 1s correlated with lower scores, accounting for

approximately 12 points on the 4th grade NAEP Science Scale.

e States with higher average classroom time on science show a
pattern of higher NAEP Science scores; additionally, states with
higher average classroom time spent on hands-on science
activities have higher NAEP scores.



educator.




NEXT GENERATION

 SCIENCE



What's the
Difference?



K-12 Science should reflect the inferconnected
Nature of Science as it is practiced and experienced
in the real world.

The Next Generation Science Standards are student
performance expectations — NOT curriculum.

cience concepts in the NGSS build coherently WhGT iS NeW
And
Vhat is Different?

inding of




IN THE PAST....

Structure and Function
Interaction and Change
Scientific Inquiry
Engineering Design

3" Grade Matter and Energy Standard:

and
of states of matter.

Bloom's Taxonomy
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West Greene Elementary 2011

' Analyzing: Can the student distinguish between the dilferent
parts?
Appraise, Compare, Contrast, Criticize. Differentiate, Discriminate,
Disunguwish, Examine, Experiment, Question, ‘Test.




indards

Identify scientific and engineering pre
practices, and core disciplinary ideas that  stud
master

e Prepare students for

e Based on new understanding of students learn science that
prepares to succeed in rapidly and constantly changing world

e Provide a strong science education that equips students with the
ability to
----the skills needed to pursue opportunities within and
beyond STEM fields



NEXT GENERATION SCIENCE STANDARDS

Physical Science - Matter and Its
Interactions, Motion and Stability: Forces
and Interactions, Energy, and Waves and
their Application in Technologies for
Information Transfer.

Life Science — From Molecules to
Organisms: Structures and Processes,
Ecosystems: Interactions, Energy, and
Dynamics, Heredity: Inheritance and
Variation of Traits, Biological Evolution:
Unity and Diversity

Earth and Space Sciences — Earth’s Place
in the Universe, Earth’s Systems, Earth

and Human Activity
Engineering Design

Bloom's Taxonomy
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H“m
evaluate K BB S NP T T . 5 TiAh O

O ConaechIen mnong rhas
D e I i U LR

o 2" Grade Matter and Its Interactions

and an mvestigation to
and different kinds of materials by
their observable properties. [Clarification
Statement: Observations could include colg
texture, hardness, and flexibility. Pattern
could include the similar properties th
different materials share.]



West Greene Elementary 2011

' Analyzing: Can the student distinguish between the dilferent
parts?
Appraise, Compare, Contrast, Criticize. Differentiate, Discriminate,
Disunguwish, Examine, Experiment, Question, ‘Test.




Vhy NGSS Now?



https://youtu.be/W2yEWyvWznE
https://youtu.be/W2yEWyvWznE

Taking a closer look af the
standard document....




Standards and
Clarification

CCSS
connection
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+** Eight Practices » Seven Crosscutting Concepts
— Asking questions and defining o Patterns
problems o Cause and effect
— Developing and using models o Scale, proportion, and guantity
— Planning and carrying out o Systems and system models
S : o Energy and matter: Flows,
— Analyzing and interpreting data cycles, and conservation
— Using mathematics and o Structure and function

computational thinking

— Constructing Explanations and
Designing Solutions

o Stability and change

— Engaging in argument from * Four Disciplinary Core Ideas:
evidence v Life Science,

—~ Obtaining, evaluating, and v" Physical Science
communicating information ¥ Earth and Space Science

v Engineering



Practices

b ~.l'-, Crosscutting Cone
™ W disciplines together.

THE THREE DIMENSIONS OF
SCIENCE LEARNING




Vertical Alignment

e Appendix E — Disciplinary Core Ideas Progressions

e Appendix F — Science and Engineering Practices Prog

v/

e Appendix G — Crosscutting Concepts Progressions

Criterion 3 & 4: COHERENCE
Learning experiences form a
coherent learning progression in
which each K-5 student builds

competencies in the performance
expectations through actively

engaging in science and engineering
practices and applying crosscutting
concepts to continually build on and
revise their knowledge and skills in
disciplinary core ideas.




SCIENCE

STANDARDS

G Physical Science Progression
—— INCREASING SOPHISTICATION OF STUDENT THINKING ———— R

The sub-atomic structural model and
interactions between electric charges at the

Matter exists as different
PS1.A substances that have
Structure of observable different
matter properties. Different

(includes PS1.C | properties are suited to variety of observable properties can diversity of materials, states of matter, periodic table reflect patterns of outer

Nuclear different purposes. Lo i : phase changes, and conservation of
P $65) Objects can be built be used to identify particular ciatter electrons. A stable molecule has less
S materials. energy than the same set of atoms

from smaller parts. separated; one must provide at least this
energy to take the molecule apart.

/,

atomic scale can be used to explain the
structure and interactions of matter,
including chemical reactions and nuclear
processes. Repeating patterns of the

Because matter exists as particles
that are too small to see, matter is
always conserved even if it seems to
disappear. Measurements of a

The fact that matter is composed of
atoms and molecules can be used to
explain the properties of substances,

Disciplinary Core Idea Progression



Grades 6-8

Grades 9-12

Modeling in K—2 builds on prior

cxpericnces and progresses o

include using and devcloping

modcls (i.c., diagram, drawing.

physical replica. diorama.,

dramatization, or storyboard) that

recprescnt concrete events or

design solutions.

= Dhisunguish between a modcel
and the actuzal object, process,
and/or cvents the model
represents.

= Comparc modcels to idenniy
common features and
differences.

= Develop and/or usc a modcl to
represcnt amounts.
rclationships, relative scales
(bigger. smaller), and/or
pattemns in the natural and
designed world(s).

= Develop a simple modcel based
on cvidencce to represcont a

proposcd object or tool.

Modecling in 3—5 builds on K—2

expencnces and Progressces to

buillding and revasing simpic

modcels and using modcels to

represent events and design

solutions.

= Identify Imitations of modcls.

= Collaboratively develop and/or
revisce 2 modcel based on
cvidence that shows the
rcelationships among varnables
for frequent and regular
occurring cvents.

= Develop a modcel using an
analogy, example, or abstract
representation 1o describe a
scicntific principlce or design
solution.

= Deovelop and/or use modcels to
descrnibe andrsor predict
phecnomena.

= Devclop a diagram or simplc
physical prototype to convey a
proposcd objoct, tool, aor
Proccss.

= [U'se a modcl to test cause and
cifcect relationships or
intcractions concerning the
functioning of a natural or
designed system.

Modeling in 6—8 builds on X—5

cxpcricnces and progresscs to

developing, using, and revising

modcls to describe. test, and predict

more abstract phenomena and design

sSVystems.

= Ewaluatc limitations of a model for
a proposcd object or tool.

= Deveclop or modify a model—
based on evidence — to match what
happens if a variable or componcnt
of a system is changedd.

= Usc and’or develop 2 modcel of
simple systems wath uncentain and
Iess prodictable factors.

= Devclop andfor revisce a modcel to
show the relationships among
varniables, including those that arc
not obscrvablc but predict
obscrvable phocnomcona.

= Develop and/or usc a modcel to
predict and/or describe
phcecnomena.

= Dewvclop a model to describe
unobscrvable mechanisms.

= Devcelop and/or usc a modcl to
gencerate data 1o test ideas about
phcecnomena in natural or designed
systems, mncluding those
represcnting inputs and outputs,
and thosc at unobscervable scales.

Modceling in 9—12 bailds on X—8
cxpericnces and progresses to using.,
synthesizing, and developing maodels
to predict and show relatonships
among variables between sysicms
and their components in the natural
and designed worlds.
= Ewaluate mcrits and limitations of
two diffecrent modcels of the samce
proposced tool, process,
mechanism or systcem in order to
sclect or revisce a modcel that best
fits the cvidence or design critenia.
= Dcsign atest of a maoxdcl to
ascertain its reliability.
= Dwevelop, revisc, andfor usc a
mwodel based om evidence to
illustrate and’/or predict the
rcelattonships between systems or
between componcnts of a systcm.
= Devclop and/or use multiple types
of modcls to provide mechanistic
accounts and/or predict
phecnomena, and move flexibly
between modcel types based on
merits and Iimitations.
= Develop a complex model thai
allows for manipulation and
testing of a proposcd process or
systoem.
= Devycelop and/or use a model
(including mathcmatical and
computational)} to gcncerate data to
support explanations. predict
phenomena, analyze systems,
and’/or solve problcms.

Science and Engineering Practices Progressio

Developing and Using Models




Progression Across the Grades Performance Expectation from the NGSS

I'n grades K-2, students observe objects may break into
smaller pieces, be put together into larger pieces. or change
shapes.

I grades 3-5, students learn matter is made of particles and
cenergy can be transferred in various ways and between
objects. Students observe the conservation of matter by
tracking matter flows and cycles before and after processes
and recognizing the total weight of substances does not
change.

I grades 6-8, students learn matter is conserved because
atoms are conserved in physical and chemical processes.
They also learm 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 ficlds.
thermal energy, energy of motion). The transfer of energy
can be tracked as cnergy flows through a designed or natural
system.

I grades 9-12, students learn that the total amount of energy
and matter in closed systems is conserved. They can
describe changes of energy and matter in a system in terms
of energy and matter flows into, out of, and within that
system. They also learn that energy cannot be created or
destroyed. It only moves between one place and another
place, between objects andfor 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.

Energy and Matter

Crosscutfing Concepts Progressions

2-PS1-3. Make observations to construct an
evidence-based account of how an object made of a
small set of picces can be disassembled and made
into a new object.

S5-1.Si-1. Support an argument that plants get the
materials they need for growth chiefly from air and
water.

MS-ESS2-4. Develop a model to describe the
cycling of water through Earth’s systems driven by
energy from the sun and the force of gravity.

HS-PS1-8. Develop models to illustrate the changes
in the composition of the nucleus of the atom and
the energy released during the processes of fission,
fusion. and radioactive decay.




What did your science classroom look like?



NGSS CALLS FOR CHANGE
in CLASSROOMS...

* Hands-on collaborative integrated environment rooted
in inquiry and discovery /

» Student-centered learning that enables students to thj
on their own, problem solve, communicate, and
collaborate

* Learn important scientific concepts



FIVE INNOV

e Three Dimensional Learning

e All three dimensions build coherent learning

progressions
e Students engage with phenomena and design solutions /

e Engineering and the Nature of Science 1s o

d.d-;\
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integrated into science =g

e Science 1s connected to math and literacy




Do We Implement the NGSS?




“For the first challenge, faking a standard from the NGSS was more
complicated than thinking of a lesson that aligned with a standard because
the standard included several performance expectations that formed the

is for assessments, curriculum, and instruction. The task was not as

g a lesson for each performance expectation. | had to
ating the standards info classroom
1N a single lesson or hands-on

TRANSLATING the

8. Instructional sequence consistently provides
multiple opportunities and adeguate time for student
learning.

Next Generation Science Standards: Appendix A ond }wa LASSROOM
Appendix E INSTRUCTION

~ R()D(éé‘k W. BYBEE

ACTA



CHOOSING A RESOURCE THAT PROVIDES

MULTIPLE OPPORTUNITIES OF SUPPORT

> B] Define matter.

Description: Lesson 1 - Properties of Matter - Engage
Lesson 1 - Properties of Matter - Explore
Lesson 1 - Properties of Matter - Explain

SEP 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.

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

SEP 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.

XCC Simple tests can be designed to gather evidence to support or refute student ideas about causes.
XCC Patterns in the natural and human designed world can be observed.

Connections to Engineering, Technology, and Application of Science Every human-made product is
designed by applying some knowledge of the natural world and is built using materials derived from the
natural world.




> [H  pescribe properties of a solid and a liquid.

Description: Lesson 1 - Properties of Matter - Explore
Lesson 1 - Properties of Matter - Explain

Lesson 1 - Properties of Matter - Elaborate

Lesson 1 - Properties of Matter - Evaluate

Lesson 2 - Properties of Matter - Engage
Lesson 2 - Properties of Matter - Explore
Lesson 2 - Properties of Matter - Explain
Lesson 2 - Properties of Matter - Elaborate
Lesson 2 - Properties of Matter - Evaluate

Lesson 3 - Properties of Matter - Engage
Lesson 3 - Properties of Matter - Explore
Lesson 3 - Properties of Matter - Explain

SEP 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.

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

SEP Analyzing data in K—2 builds on prior experiences and progresses 10 collecting, recording, and sharing
observations. Analyze data from tests of an object or tool to determine if it works as intended.

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

XCC Patterns in the natural and human designed world can be observed.

Connections to Engineering, Technology, and Application of Science Every human-made product is
designed by applying some knowledge of the natura! world and is built using materials derived from the
natural world,




Literacy-Based Programs Traditional Science
Old Copyrights



3. COHERENCE %



Let’s dive a little deeper!



A term we have not explored...

d. In each K-5 grade level, in student and educator
materizls, when used as designed the three-

dimensions work together to support students to

Eve ry | e S S O n S h O u | d h G Ve : :r;a:; ;el:'s“e:f phenomena and/or to design solutions

integrating the Three Dimensions in the Fromework

e Science offen begins when someone makes [giss s ns s
an observation about a situation or an i
occurrence.

1A, B, 1C, 11
e Spark your students’ curiosity about the

4. Materials are directly connected to the

WO r | d O ro u n d 'l' h e m ! appropriate grade-level performance expectations to
develop and use specific engineering practices,
disciplinary core ideas, and crosscutting concepts
that are integrated to develop and support students’

o Keep sfudents “figuring out” rather than  EESEEEEEEerrrres

to problems.

“learning about”.




Changing Forces
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http://www.ngssphenomena.com/%23/changing-forces/
http://www.ngssphenomena.com/%23/changing-forces/

SE LESSON PLANS

e ngage

e Xxplore

e xplain (vocabulary instruction happens here)
e laborate

e valuate

Not necessarily linear, sometimes you have to move students back
to explore for additional understanding.

Criterion 2: RIGOR

Materials support and guide in-depth
instruction in the three intertwined
NGSS dimensions®, support the
integration of conceptual understanding
linked to explanations and empirical
investigations that aliow students to
evaluate knowledge claims and develop
procedural skills while engaging in
authentic and content-appropriate
scientific inguiry and engineering design
learning experiences, and provide
opportunities for students to engage in
practice, discourse, and reflection in
multiple interconnected and social
contexts.

Criterion 5, 8 & 9: COHERENCE
Instructional sequence provides
multiple approaches to achieve
proficiency of the performance
expectations and a logical
progression of diverse instructional
strategies for student learning.

5, 9B


https://www.youtube.com/watch?v=G4J4Am8vLrY
https://www.youtube.com/watch?v=G4J4Am8vLrY

The teacher or a curriculum task accesses the learners’ prior knowledge and
helps them become engaged in a new concept through the use of short activities
that promote curiosity and elicit prior knowledge. The activity should make
connections between past and present leaming experiences, expose prior
conceptions, and organize students’ thinking toward the learning outcomes of
current activities.

Exploration experiences provide students with a common base of activities
within which current concepts (i.¢., misconceptions), processes, and skills are
identified and conceptual change is facilitated. Learners may complete lab
activities that help them use prior knowledge to generate new ideas, explore
questions and possibilities, and design and conduct a preliminary investigation.
The explanation phase focuses students’ attention on a particular aspect of their
engagement and exploration experiences and provides opportunitics to
demonstrate their conceptual understanding, process skills, or behaviors. This
phase also provides opportunities for teachers to directly introduce a concept,
process, or skill. Learners explain their understanding of the concept. An
explanation from the teacher or the curriculum may guide them toward a deeper
understanding, which is a critical part of this phase.

Teachers challenge and extend students’ conceptual understanding and skills.
Through new experiences, the students develop deeper and broader
understanding, more information, and adequate skills. Students apply their
understanding of the concept by conducting additional activities.

The evaluation phase encourages students to assess their understanding and
abilities and provides opportunities for teachers to evaluate student progress
toward achieving the educational objectives.




ALL SE LESSON INCLUDE:

e Three-Dimensional Learning embedded within lessons

e ELL Support

e Differentiation for Struggling Learners

e Connection to English Language Arts and Math

Criterion 3 & 10: Coherence
Materials support and guide in-
depth instruction in the three
intertwined NGSS dimensions, with
clear connections to the Common

Core State Standards {CCSS) in
Mathematics and English Language
Arts & Literacy and the Oregon
English Language Proficiency
Standards.

9a. Materials use diverse instructional strategies that
provide clear purposes for learning experiences (e.g.,
elicit preconceptions, teach new knowledge, build

skills and abilities, and connects to prior knowledge).

Next Generation Science Stondards: Appendix A and
Appendix D (pp.10-17}




e NATURE OF SC

ions of the natural world, and
modating human

e SCIENCE TECHNOLOGY, SOCIETY AND THE ENVIRONMENT —
APPENDIX J

Criterion 6 & 7: COHERENCE
The interdependence and the
influence of science, engineering

and technology on society and the
natural world along with the
understanding of the nature of
science are interconnected to the
content being addressed.



Pre-Assessment
Formative Assessments
Rubrics

Performance Assessments

Assessment Opfions

Observable features of the student performanoe by the end of the grade:

Students identify and describe the phenomenon under investigation, which includes the following
idea: different kinds of matter have different properties, and sometimes the same kind of matter has
different prope g

Students identify and descnbe the purpose of the investigation, which includes answering a
question about the phenomenon under investigation by describing and classifying different kinds of
materials by their observable prope

Students collaboratively develop an investigation plan and describe the evidence that will be
collected, including the properties of matter (e.g., color, texture, hardness, flexibility, whether is it a
solid or a liquid) of the materials that would allow for classification, and the temperature at which
those properties are observed.
i.  The observations of the materials provide evidence about the properties of different kinds of
materials.
ii. — Observable patterns in the properties of materials provide evidence to classify the different
kinds of matenals.
In the collaboratrvely developed investigation plan, students include:
Whrch materials will be described and classified (e.g., different kinds of metals, rocks, wood,

Whnch matenals will be observed at different temperatures, and how those temperatures will

be determined (e.g., using ice to cool and a lamp to warm) and measured (e.g., qualitatively

Sfudents individually describe how the properues of materials, and the method for classlfyrng them,
are relevant to answering the question.

Accordfng to the developed investigation plan, students collaboratively collect and record data on
perties of the materials.




Helps stud
imagine themselves

and aspire to be 1n
STEM careers!




Balance of Digital and Non-Digital Resources



eReflection, Take Aways, & Questions

Shelley Nordquist

shelleynordquist@gmail.com
816-390-2374



