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Instructional Shift: from LEARNING ABOUT to FIGURING OUT
Hi!
I’m Rebecca Garelli

ADE K-12 Science &
STEM Specialist

an observable event

that can be explained or explored usin
scientific practices,
ideas, and concepts

(the 3-dimensions) O & :, 2 (
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Phenomena-Based 3-Dimensional Instruction
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Invite Manage Participants Share Chat Record

(’:' Everyone ) LiveChat "f -
Type message here W Unmute

1. Please click on the chat box button (top) use the chat box for questions or
comments. All participants will be muted to avoid feedback during the

session.
2. Please use this drop-down box to select “everyone” so we can collaborate

during this session.




1. What is your current position or job title?

2. Have you had a chance to look at the new Arizona State Science Standards?

[ S e
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Goals:

® Gain a better understanding of the instructional shifts needed
for three-dimensional science instruction and how this relates to
the AzSS

® Explore how scientific phenomena can be used to drive
standards-based instruction

® Learn how to read the new AZ Science Standards and unearth
the 3-dimensions of learning within the standard
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Overview of Shifts

What would you see less of?

What would you see more of?

What are 3-5 items that resonate with you?

A New Vision for Science Education

Implications of the Vision of the Framework for K-12
Science Education and the Next Generation Science Standards

Rote memorization of facts and terminology

Learning of ideas disconnected from questions
about phenomena

Teachers providing information to the whole class

Teachers posing questions with only
one right answer

Students reading textbooks and answering
questions at the end of the chapter

Pre-planned outcome for “cookbook”
laboratories or hands-on activities

Worksheets

Oversimplification of activities for students who
are perceived to be less able to do science and
engineering

SCIENCE EDUCATION WILL INVOLVE LESS: |SCIENCE EDUCATION WILL INVOLVE MORE:

Facts and terminology learned as needed
while developing explanations and designing
solutions supported by evidence-based
arguments and reasoning.

Systems thinking and modeling to explain
phenomena and to give a context for the
ideas to be learned

Students conducting investigations, solving
problems, and engaging in discussions with
teachers’ guidance

Students discussing open-ended questions that
focus on the strength of the evidence used to
generate claims

Students reading multiple sources, including
science-related magazine and journal articles
and web-based resources; students developing
summaries of information.

Multiple investigations driven by students’
questions with a range of possible outcomes
that collectively lead to a deep understanding
of established core scientific ideas

Student writing of journals, reports, posters,
and media presentations that explain and argue

Provision of supports so that all students
can engage in sophisticated science and
engineering practices



Less of this..... More of this.....

In a science classroom you would see |eSS of.....
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-
Goals:

® Gain a better understanding of the instructional shifts needed
for three-dimensional science instruction and how this relates to
the AzSS

® Learn how to read the new AZ Science Standards and unearth
the 3-dimensions of learning within the standard

® Explore how scientific phenomena can be used to drive
standards-based instruction




NEW AZ Science Standards Comfort Level

LiveChat
=

1- What?! We have new
standards?!?

2- I've glanced at them....

3- In the process of transitioning...

4- I am fully implementing them!

]




Background Information

NGSS

A s\ Working with
A FRAMEWORK FOR  \\ i} Big Ideas
K-12 SCIENCE R |

N nitg /l ¥
ay
s, Crosscutting Concepts, and Core Ideas ' [ i \
i cou 4 N Pl o e
y 2 G  Coza M s
r— wing, Pasrs
’2 .‘: \
-
€ N
!

AzSS

“Framework-Based” State, not an NGSS state




What Is 3- Dimensional Science Instruction?

A Bt eans ke K-12 Ssiance Cdaaton: Prackrs, Creasaesng Gasoepes, and Core ke

2

2

Dimension 1
SCIENTIFIC AND ENGINEERING PRA

to cultivate students scientfic habits of mind, develop the

cagage = scientific inquiry, aad teach them how to reason
contet [1, 2] There has always been a tensiom, bowever, betw:
that should be placed oa devedopemg knowledze of the content (
the emphasis placed on scientific practioes. A narsow focss oa (
the smfortunate comsequesce of leaving students with satve con
nature of scestific inquiry [3] and the impeession that sclence ©
of solated facts [4).

‘I'its chapter stresses the mmpotance of developing students
how science and engneestng achieve their ends while also steeng
ptency with related peactices. As previowsly noted, we use the to
trstead of a term such as “skills,” to stress that crgaging = soes.
rogutres coordsmation bath of ksowladpe and skl stmukascosst

In the chaptess thee major soctions, we fust articulate wis
science nd eagincering practices & smportast for K-12 students
practices should reflect those of profesdonal socatees and engm
describe m detail efght practices we comsider esseattal for learmes
enpineesing i prades K-12 (e Box 3-1). Fmally, we condude th
in these practices supports 2 better understanding of how scientil
produced and bow engmeering obstioes are devdoped. Such i
help students become meose critical consumers of socstific infoen

me its mception, cae of the principal goaks of sciemce edy

Tigh © Mamaw! Acwdarr of Scances. A rghis reserverd

Dimension 2
CROSSCUTTING CONCEPTS

Sovne covpuartens themae prrisade s, mathematys, and trckmobgy avd sppar o
and cver g, soberier moe are hvokimyg of am amcaent cushstion, the huvmem Body. o
s, They e i it rawscend discipdonsry (omstanies and prosw frufu i exg
matic, i theary, i chuerstion, and in desgn

— Armerscam Assocasven for the Adomcemment of Scwmc

this chaptes, we describe concepts that beidge disciplinary bosndaric
Iuwmmy value throughout much of scesce and engisecrng, Thise
ting comopts were selectid for thetr value across the sciences and = o

i Thes conceptts help provide students with an oegantzationl (ramew
comnocting ksowledge from the vanous disciphses into a oberent and s
cally hased view of the world.

Akthough 1, Comonpes are famdy w0
ence amd engineering, students have often been expected 10 buikd such kn
without any exphot indrectional support. Hesoe the purpose of highligh
as Damession 2 of the framewaork & 1o ehevae their role in the devedopy
standands, curnosks, intraction, and ssessments. These concepts shoukd
common and famdiar touchgones acrens Uhe drasplines amd grade levels.
teference o the concepts, as well 3 their emergence in multiple disciphe:
texty, Gan help studenns develop a cumulatrve, cobesert, and wable under
of science and engineering.

Although we do ot specily grade band endpotnts for the crosscu
comcepts, we do kry ost 2 bypothetical progresion foe eaxch. Like all lean

crTiTight © Mt Arwdare s of Sebences. A rghes reserved

ASrwveans ek
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2 Sdwnce Coeaton: Pracsces, Croasaeing Ossoepes, and Gore ke

Practices

Dimension 3
DISCIPLINARY CORE IDEAS—EARTH AND
SPACE SCIENCES

ate on Earth and

h and space sciences (ESS) investigate processes that

E 50 address its place in the solar system and the galaxy. Thus ESS involve phe-
nomena that range in scale from the unimaginably large to the invisibly small.
Earth and space sciences have much in common with the other branches
of science, but they also include a unique set of scientific pursuits. Inquiries
into the physical sciences (e.g., forces, energy, gravity, magnetism) were pursued
nd
behavior of Earth, the sun, and the moon; physics and chemistry later developed

as separate disciplines. The life sciences likewise are partially rooted in carth

in part as a means of understanding the size, age, structure, composition.

science, as Earth remains the only example of a biologically active planet, and
the fossils found in the geological record of rocks are of interest to both life sci
entists and earth scientists. As a result, the majority of research in ESS is inter
disciplinary in nature and falls under the categories of astrophysics, geophysics,

geochemistry, and geobiology. However, the underlying traditional discipline of

wvolving the identification, analysis, ping of rocks, remains a

e of ESS.

geoloy

cornersts

Earth consists of a st of systems—atmosphere, hydrospherc, geosphere,

and biosphere—that arc i

ately interconnected. These systems have differing

sources of energy, and matter cycles within and among them in multiple ways

and on various time scales. Small changes in one part of one system can have

lar have no

and sudden conscquences in parts of other systems, or they
effect at all. Understanding the different processes that cause Earth to change

over time (in a sense, how it “works”) therefore requires knowledge of the

Copyright National Academy of Sciences. All rights reserved.
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What is 3-Dimensional Science Instruction?

A FRAMEWORK FOR

K-12 SCIENCE
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What Is 3-Dimensional Science Instruction?

NGSS: A Vision for K-12
Science Education

Lesson Objective: Learn about the three dimensions of the
Next Generation Science Standards

All Grades / Science / 3 Dimensions

How do the Arizona Science Standards represent a shift in science
education?




AzSS Snapshot: What You Should See Students “Doing,” “Thinking,” “Knowing,” and “Using” in Science

A Framework/Big Ideas for K-12 Science Instruction’s 3-Dimensions and AzSS Using Science

Dimension 1: The Science and Engineering Practices
Asking questions and defining pr s (p.54)*
Developing and using mode 4
Planning and carrying out investig s (p. 59)*
Analyzing and interpreting data (p B
Using mathematics and computat thinking (p. 64)*
Constructing explanations and dev.,...\g solutions (p.67)*
Engaging in argument from evidence (p.71)*

Obtaining, evaluating, and communicating information

Dimension 3: The Core Ideas of Knowing $

Dimension 2: The Crosscutting Concepts

1. Patterns (p. 85)*

2. Cause and effect (p. 87)*

3. Scale, proportion, and quantity /

4. Systems and system model- 15
5. Energy and matter (p. 9/

6. Structure and function (p.9e6)~

7. Stability and change (p. 98)*

ence and The Core Ideas of Using Science

he Core Ideas of Knowing Science
P: Physical Science (p. 105)*

Th P1: All matter in the Universe is made of very small particles. (p. 20)**
e CO re P2: Objects can affect other objects at a distance. (p. 21)**
- d f P3: Changing the movement of an object requires a net force to be ac il
it. (p. 22)**
I eas o P4: The total amount of energy in a closed system is always the same but can
Kn owi n g be transferred from one energy store to another during an event. (p. 23)**
. E: Earth and Space Science (p. 171)*
sc I e n ce E1: The composition of the Earth and its atmosphere and the natural =~

human processes occurring within them shape the Earth's surface an
climate. (p. 24)**

E2: The Earth and our solar system are a very small part of one of many
galaxies within the Universe. (p. 25)*

(Cls)

KNOW

L: Life Science (p. 142)*

L1: Organisms are organized on a cellular basis and have a finite life span.
(p- 26)™

L2: Organisms require a supply of energy and materials for which they often
depend on, or compete with, other organisms. (p. 27)**

L3: Genetic information is passed down from one generation of organisms to
another. (p. 28)**

L4: The unity and diversity of organisms, living and extinct, is the result of

e Core Ideas of Using Science

U1: Scientists explai.~ bhenomena "ssing evidence obtained fro
observations and or scientmc investigations. Evidence may lead
' to developing models and or theories to make sense of
phenomena. As new evidence is discovered, models and
- theories can be revised. (p. 30 & 31)**
' U2: The knowledge produced by science is used n engineering

and technologies to solve problems and/or create p.~>ducts /~.
32)*

L.

U3: Applications o" science often have ethical, social, economic
and/or political imr lications. (p. 23)**

*A Framework for K-12 Science Education

**Working with Big Ideas of Science Education

Updated: 3/4/20

CCCs

Arizona
Science
Standards
unique
Using
Science
(Cls)



The Coding — How To Read It And How It’s Useful

arth and Space Standards

“Observe, record, and ask questions about temperature, precipitation, and other
weather data to identify patterns or changes in local weather.

Earth and Space Standards

Observe, describe, and predict how wind and water change the shape of the land
resulting in a variety of landforms.

Grade 2 Standard
number 4

2.E1U1.4

Standard
addresses core
ideas E1 and U1

2.E1U1.4. Observe, describe, and
predict how wind and water
change the shape of the land
resulting in a variety of
landforms.




Putting it Together — 3 Dimensions

Phenomena

——]

e

Physical Science 4*" Grade 4.P

@r‘,

Develop and use a model to demonstrate howa

system transfers energy from one object to anther

even when the objects are not touching.

\

P4:The total amount of

.
( Coreldea: \

energy in a closed system
is alwaysthe same but can

be transferredfrom one

energy store to another
duringanevent.

J

X

f Science )

44
Crosscutting

=

Q "\'_})

Doing

Engineering Concept:
Practice:
Energy & matter
Developingand Systems and
Using Models system models W
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N
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Goals:

® Gain a better understanding of the instructional shifts needed
for three-dimensional science instruction and how this relates to
the AzSS

® Learn how to read the new AZ Science Standards and unearth
the 3-dimensions of learning within the standard

® Explore how scientific phenomena can be used to drive
standards-based instruction




LiveChat

What are some possible

things we could try and

figure out or explore in
this picture? I

I List as many as you can. I

h—————

Phenomena = effect

Science seeks to
explain the cause of
the phenomena.




St

A FRAMEWOR FO
K-12 SCIENCE
EDUCATION

rosscvcang Concepas, and Core Meas

Arizona Science Standards
2018

Arizona Department of Education
High Academic Standards for Students

The word PHENOMENA
(or phenomenon)
appears 114 times in the

Framework

The word PHENOMENA
(or phenomenon)

appears 97 times in our
NEW AzSS

T




Phenomenon & Sense-Making

What exactly is a

phenomenon? Good Phenomena:
v/ Spark curiosity and wonder |E_—G_G———————
v/ Address the standards(s)
An observable event that can be v/ Can be investigated
explained or explored using v: Grent ahaysphenomend!

scientific practices, ideas, and
concepts (the three dimensions).

Helps students with
sense-making in science




PRIOR THINKING ABOUT PHENOMENA THINKING ABOUT PHENOMENA THROUGH THE AzSS
u u If it's something fun, flashy, or Authentic engagement does not have to be fun or flashy; instead,
I S I n involves hands-on activities, it must | engagement is determined more by how the students generate compelling

be engaging. lines of inquiry that create real opportunities for learning.

Anything students are interested in | Students need to be able to engage deeply with the material in order to
would make a good “engaging generate an explanation of the phenomenon using target DCls, CCCs, and
phenomenon” SEPs.

N ) . ) Phenomena (e.g., a sunburn, vision loss) are specific examples of something
L]veChat Exp-larTatlons (eg., electro:nagnetlc in the world that is happening—an event or a specific example of a general
radiation can damage cells”) are process. Phenomena are NOT the explanations or scientific terminology
examples of phenomena behind what is happening. They are what can be experienced or documented.

) Phenomena are just for the initial Phenomena can drive the lesson}learning, and reflection/monitoring
1 . Read hook throughout. Using phenomena in these ways leads to deeper learning.
2 . S h are one Of the Teaching science ideas in general (e.g., teaching about the process of

. Phenomena are good to bring in photosynthesis) may work for some students, but often leads to
fOI IOW' ng . after students develop the science decontextualized knowledge that students are unable to apply when
i relevant. Anchoring the development of general science ideas in
- A_ha! Moment ideas so they can apply what they : nt.# :
learned investigations of phenomena helps students build more usable and
- Qu ote generative knowledge.
. Phenomena are observable occurrences. Students need to use the
= Co nnection J Engaging phenomena need to be occurrence to help generate the science questions or design problems that
— questions drive learning.

|Engagement is a crucial access and equity issue_[students who do not have
access to the material in a way that makes sense and is relevant to them are
disadvantaged. Selecting phenomena that students find interesting,
relevant, and consequential helps support their engagement. A good
phenomenon builds on everyday or family experiences: who students are,
what they do, where they came from.

Student engagement is a nice
optional feature of instruction, but
is not required




Introducing a Phenomenon

1. Find a short video or piece
of data to present or lead a
demonstration / exploration
with students.

2. Show the video / present the
data/ explore the objector ___

process, and get their ideas
about questions they have ,\A_,\_AA_/\_A/\_,\_A/\_/\_A/\

about the phenomenon. ———

\AAAAALL




Let’s Try it Out!

1) Watch the video clip. E

2) Think about what science content the
students need to know to explain this

video.
|LiveChat

————————— Plus HS+C.P1U1.3

Analyze and interpret data to develop and support an
explanation for the relationships between kinetic
molecular theory and gas laws.

| 3) Share your thoughts in I
the chat box. ]




Let’s Try it Out!
1) Watch the video clip.

B>

2) What do you notice?

What do you wongery  EE

THINK: What are some related things we know lLiveCh SF

about or have experienced, that could help us
understand what’s going on here?

(elicit initial ideas & connect to prior experiences)
I I I I I I I I I I I I q

I 3) Share one “I notice” observation in the chat box. |
S S S —




Covovabiva/A-Lic~ ALasgtionNs

Question starters to consider:

As Noun/pronoun
* How — Mechanism by which phenomenon

u occurs, What is the mechanism, the way of
doing something, or way phenomenon occurs L >
H . Why — Causes of phenomenon, reason for, ®
what causes the phenomenon
* What — Identity, specify, nature of _
* That — This happens, exists, is, a fact, point @

out, used to indicate




If we were to continue this activity..

Students might... And then...

Combine their ideas with other
members of their group to make a
Group or Consensus Model

Draw an initial model of what
they think is happening (individually)

' Individual Brainstorm - g’y & T
r, What was happening inside the tanke; e ,v ' Group Poster
outside the tanker that made it crush’ 0 ', * With your group share your ideas

» WHY did the tanker crush? ‘ , { . gbou how/why the tanker imploded.
3 ~ e * Come up with a group model of what
« HOW did the tanker crush ; happened to thegtank%r.
' » Make sure to include drawings of the
molecules to show what was

“. - I‘
If it helps, think about “before’ and “aft ] ha&pening inside or outside of the
H : ; tanker.
and draw a diagram = _ ‘ R

o Recorder 1 Draws pichre of tarmer and Foups Kdeas about why Ifs mplodng

o Pecorder 2~ Uses worts 10 explain roups ideas
*  Reporter - Reports (roup's ideas 1o Cass

C_ il
Source: https://ambitiousscienceteaching.org/video-series/



https://ambitiousscienceteaching.org/video-series/

If we were to continue this activiprmre s ea———"
— Possible Future
Investigations

Students might...

Ask any remaining questions and put in “I

e e mw

Ideas to Research:

Choose top 2 questions and write on post-its

Build a public record ofuestions using a Driving
Question Board (DQB)

smDecide collectively on a first investigation to conduct




Debriefing the Launch

The launch presents the phenomena, setting up the expectation that
they will observe some things that need investigating.

The launch involves asking questions, and therefore puts students
in the driver’s seat for a series of lessons.

The launch engages learners’ prior knowledge and related
experiences as resources for understanding.

The launch requires them to prioritize when to take up what
questions, providing a possible learning pathway for them to pursue.

:_ How is it different from what typically happens in science classrooms in :

, your grade band? How is it different from how you learned? K




A Sequence to Promote Sense Making

fPhenomena\

4 Question )

f Science &\
Engineering
Practices

f New Ideas\

figure out

Cls CCCs

questions




Guidance for Selecting Phenomena

Good Candidate

v’ Identify phenomena students could | |

encounter in the real-world (classroom, - Phenomena: I
lab, outdoors, home). ' v Sparks curiosity and I

v Having data, or support information,isa | wonder- doesn’t have to -
I

| not a requirement ]
plus, but q I be “wow!,” but more

v i i 1 . .
All three- dimensions should be necessary : likely is a “huh?” |
to explain the phenomena

i |
v Phenomena can be, but do not have to be, ' exPene.nce ) |
phenomenal. . v Can be investigated |

| v’ Address the standard(s) |




Do not select a phenomenon if it:

@ Is peripheral to the subject content of the curriculum

@ Does not surprise or generates little curiosity and the
teacher has to do all the work

@ Involves science concepts that are too difficult for students
to grasp

@ Is too complex for the students to solve, leading them to
simply think of it as ‘magic’
veeo
e

How Using Mysteries Supports Science Learning— TEMI — Sept 2015


http://teachingmysteries.eu/wp-content/themes/temi/pdf/Temi_teaching_guidebook.pdf

Designing Phenomena-Based Instruction

AZ Science Standard » 4.P40U1. U1: Phenomena/Sense-making

Develop and use a modellto demonstrate how ajsystem

Core Ideas of Knowing & Using -

2

What phenomenon can be explained

using the core ideas?

Phenomenon

4

How will students interact

with the phenomenon?

Science & Engineering Practice Energy and Matter

What “lens” will students use Systems & System Models

to think about the phenomenon? Crosscutting Concepts:

. Patterns, Cause and Effect, Scale, Proportion and Quantity; Systems and System
Crosscutting Concept » | Models; Energy and Matter; Structure and Function; Stability and Change+




Designing Phenomena-Based Instruction

AZ Science Standard

Core Ideas of Knowing & Using -

2

What phenomenon can be explained

using the core ideas?

Phenomenon

4

How will students interact

with the phenomenon?

Science & Engineering Practice

4

What “lens” will students use

to think about the phenomenon?

Crosscutting Concept

Construct an argument from evidence!that organisms
are interdependent.

Systems & System Models Structure & Function

P

Crosscutting Concepts:

Patterns, Cause and Effect, Scale, Proportion and Quantity; Systems and
System Models; Energy and Matter; Structure and Function; Stability and
Changes




#Going3Dw/GRC- Lessons that Use Phenomena

Teaching Science is Phenomenal

Using Ph I:‘rzga,ge in Three-Diy ional Science
Performances Conststent with heNRCl-'m ework and NGSS

Recommend reading this book-
accompanies the website!

Organizing Student Science Performan: ces Using

Link to #Going3Dw/GRC Website R s

Brett D. Moulding & Rodger W. Bybee



https://sites.google.com/3d-grcscience.org/going3d/home

-
Phenomena Resources

1 Phenomena for NGSS
https://www.ngssphenomena.com/

_IProject Phenomena
https://sites.google.com/site/sciencephenomena/
_IThe Wonder of Science
https://thewonderofscience.com/phenomenal

_IProject SING Phenomena
http://questlc.org/phenomena/#phenomena



https://www.ngssphenomena.com/
https://sites.google.com/site/sciencephenomena/
https://thewonderofscience.com/phenomenal
http://questlc.org/phenomena/

Almost done!

Two Emails

1. From EMS with a survey-
MUST be filled out to
receive PD Clock hours

2. From ME®© with
resources and this
presentation & upcoming
PD opportunities

Title

Crosscutting Concepts: 1 of the 3 Dimensions of the AZ Science

Standards

STEM Series: Meet Computer Science Standards with Code.org

Science & Engineering Practices: 1 of the 3 Dimensions of the AZ

Science Standards

5-E Instructional Model & Science Notebooks

#SciencingAndEngineering with @ TheSTEMAZingPro and

@RobotGeneral5- Session 2

STEM Series: Meet Computer Science Standards with Code.org

Phenomena-Based 3-D Instruction

#SciencingAndEngineering with @ TheSTEMAZingPro and

@RobotGeneral5- Session 3

#SciencingAndEngineering with @ TheSTEMAZingPro and

@RobotGeneral5- Session 4

#SciencingAndEngineering with @ TheSTEMAZingPro and

_@RobotGenerz;lS- Session 5- Earlx Childhood

Date

6/4/2020

6/4/2020

6/5/2020

6/9/2020
6/10/2020

6/11/2020

6/16/2020
7/1/2020

7/22/2020

8/12/2020

Time

9:00am — 10:00am

4:00pm — 5:00pm

9:00am — 10:00am

4:00pm — 5:00pm
4:00pm — 5:00pm

4:00pm — 5:00pm

4:00pm — 5:00pm
4:00pm — 5:00pm

4:00pm — 5:00pm

4:00pm — 5:00pm

Cost

FREE

FREE

FREE

FREE
FREE

FREE

FREE
FREE

FREE

FREE

Type
w



https://ems.azed.gov/home/calendar%3Fsd=7604
https://ems.azed.gov/home/calendar%3Fsd=7601
https://ems.azed.gov/home/calendar%3Fsd=7606
https://ems.azed.gov/home/calendar%3Fsd=7544
https://ems.azed.gov/home/calendar%3Fsd=7611
https://ems.azed.gov/home/calendar%3Fsd=7602
https://ems.azed.gov/home/calendar%3Fsd=7545
https://ems.azed.gov/home/calendar%3Fsd=7612
https://ems.azed.gov/home/calendar%3Fsd=7613
https://ems.azed.gov/home/calendar%3Fsd=7614

Any gquestions?

Please contact: Rebecca Garelli

Rebecca.Garelli@azed.gov



http://azed.gov

