Webinar Participation

As you enter, please review the Zoom controls below. Leave your audio and video off, unless in a breakout room or
prompted by a host. Feel free to use the Chat for questions or comments!

Use Reactions to raise your hand,
indicate agreement, etc.

Please leave your

audio muted and Click to open the Chat. This will
video off (both allow you to participate in a
indicated by a discussion with all attendees.
red slash)
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The Science Learning Research Group (SLRG) at the University of Maryland and Temple
University conducts classroom-based research in the learning and teaching of Earth and space
science.

» 30+ combined years educational research

» 20+ combined years university faculty

» 50+ combined years classroom teaching & PD

N geY, oV

Doug Lombardi Janelle Bailey Tim Klavon Archie Dobaria
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PhD Science Education

25+ years PD provider

NJESTA Board
Adjunct Prof - Rutgers,
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MEL 1 Project Team Member

34 years 9-12 Classroom

Science Standards Specialist, Great Minds
NESTA President (2012-2014)

Rider, AMNH

32 years K-12 Classroom

Currently University of North Georgia -
Asst. Professor of Science Education

2007 PAEMST Awardee

Past President GSTA

NSTA District Director

Author NSTA Press books: “Big Data, Small
Devices” and
“Staging Family
Science Nights”
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» Assistant Professor at West Chester
University, teaching Science Methods for
Educators, Introductory Geology

PhD in Earth Science Education

15 years high school science teacher in NJ
Former NJESTA President

Published in The Science Teacher, Science
Scope, The Earth Scientist, Science in
School
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Earth Science Teacher @ North Forsyth
High School

17 years middle & high school

Ed.S. Curriculum & Instruction
Facilitator for Ceismc Program @ Georgia
Tech




» TERC, Senior Researcher & Curriculum » Project Evaluator
Developer » Research Scientist, Planetary Science
» PhD Learning & Instructional Technology Institute
« 10+ years Middle & High School Classroom » PhD Science Education
» 30+ years PD provider o 20+ years PD provider

» Adjunct Prof - University of Arizona
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e 3-D Teaching and Learning

e Science and Engineering Practices
* Crosscutting Concepts

* Making Scientific Evaluations

* Next Steps
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Ready, Set,
SCIENCE!

A FRAMEWORK FOR
K-12 SCIENCE
EDUCATION

Conceptual Shifts NSES -> NGSS (3-D)
Research on teachmg and learning

« Separation of science process and
science content not effective

e Advances in cognitive science:
knowledge is constructed from
experience

e RESULT: Framework for K-12
Science Education

e Emphasizes “3-Dimensional
Learning”

Documents available at: https://www.nap.edu/



https://www.nap.edu/

“what know”
students
d o”

students
think”
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e Core content: What students learn

e Science & engineering practices:
How students engage in learning

e Cross-cutting concepts: Concepts
that link domains of science;
Conceptual tools that help students
organize learning




“what know”
students
d o”

students
think”
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What does 3-D Teaching and
Learning look like?

e Students DO
e Phenomena
e Solving prob

NG science
based

€MS

e Real-world applications
e Project based learning




e 3-D Teaching and Learning

* Science and Engineering Practices
* Crosscutting Concepts

* Making Scientific Evaluations

* Next Steps

CH=

o

PﬂﬂJ—C 13



Science and Engineering Practices

@m.ng Questions and Defining Problems

O —
and
Defining Problems

| can wonder about the world and write
it as a question

| can use math strategies to explain my
thinking.

Developing

and
Using Models

| can create ways to model real world
situations.

L ——

Constructing
Explanations and
Designing Solutions

| I8 R
| can come up with solutions and
explain why.

| can plan and carry out investigations.

Engaging in
Argument from Evidence

| can use proof to support my findings.

Science and Engineering Practices

Analyzing
and
Interpreting Data

means

Obtaining,
Evaluating, and
ing Infor i

| can collect, understand, and show my
information.




* Developing and Using Models

* Analyzing and Interpreting Data

e Constructing Explanations and Designing Solutions
* Engaging in Argument from Evidence

M=
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Focus: Developing and Using Models

e 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.




* Analyzing and Interpreting Data
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« Consider limitations of data analysis when analyzing and interpreting
data
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 Compare and contrast various types of datasets to examine consistency
of measurements and observations

[The Yoretown Landfill
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Team Site A Site B Site C Site D
1 2.4 23 2.5 2.7
2 2.3 2.2 2.3 3.0
3 2.6 1.8 2.7 2.8
4 2.5 1.9 2.5 34l
5 2.2 2.3 2.1 3.3
6 2.7 2 2.4 2.8
Avg 2.6 2.1 2.4 2.9
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Sources and Sinks in PgC/yr, actual and projected

35
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25

PgClyr

Sources.

1960

2000

Year

2040

2080

Sources
Sinks

Ocean Uptake Land Uptake

Controls

| Reset | | Run Projection

Temperature units:  (3) °F () °C

Help | | EdGeM

Developed at the University of Wisconsin-Madison. For more info, visit:  carboncycle.aos.wisc.edu

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

Atmospheric C02, actual and projected
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© 2009-2011: Galen McKinley and Tommy Jasmin




e Constructing Explanations and Designing Solutions
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e Construct and revise an explanation based on valid and reliable
evidence obtained from a variety of sources 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

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 280
Age of Oceanic Lithosphere [m.y.]
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e 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

Sources and Sinks in PgC/yr, actual and projected Atmospheric C02, actual and projected
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* Engaging in Argument from Evidence
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« Compare and evaluate competing arguments in light of currently
accepted explanations, new evidence, limitations, constraints, and
ethical issues
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« Evaluate the claims, evidence, and/or reasoning behind currently
accepted explanations to determine the merits of arguments

Climate change & loss
of food supply or
meteor impact?
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* Developing and Using Models

* Analyzing and Interpreting Data

e Constructing Explanations and Designing Solutions
* Engaging in Argument from Evidence
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In your Breakout Room, discuss the following:

* In what ways are you already integrating the science and
engineering practice (SEP) into your classroom?
 What are the most challenging aspects of integrating this SEP?

(10 min - introduce yourselves (name, HS/MS, location) & select a
person to report out!)

**Please remember which Breakout Room number your are in so you
can join that room again** S RGom2E)
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e 3-D Teaching and Learning

e Science and Engineering Practices
* Crosscutting Concepts

* Making Scientific Evaluations

* Next Steps

CH=

o

PﬂﬂJ—C 13



Crosscutting Concepts Supported by MELs

. Patterns
. Cause & Effect
Scale Proportion & Quantity

Systems & System Models
Energy & Matter
. Structure & Function

NOOUOUIRNWN -

Stability & Change

CYMI=L
®=2



Cause and Effect
* Stability and Change Cl\e%igé\_ltlb

(S\gnal words- because, so, since, as a
result, if..then, therefore, due To)
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Average Global Temperature (C)
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Number of Pirates (Approximate)

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

Criteria for causality:

* Cause precedes effect

e Cause & effect are empirically correlated

* Correlation is legitimate

* Cause and effect have a plausible interaction



Cause and effect relationships explain and
predict behaviors in complex natural and
designed systems.

* Phenomena may have more than one cause

* Some cause and effect relationships can
only be described using probability

* Changes in systems may have various
causes that may not have equal effects




e Cause and Effect
 Stability and Change

@‘L'HE —
M=t

PrROJ=CT

@



Changes in one part of a system can
cause large changes in another part

* Systems in dynamic equilibrium
are stable

 Stability can be disturbed by
sudden events or gradual
changes

* Some changes are irreversible




The Cycle of Water Vapor
A look at how water vapor acts as a greenhouse gas

Higher water-vapor concentrations
. trap more heat

More ev. tion
leads to more water vapor

Higher temperatures increase evaporation

)
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Changes over time occur at
different scales

* Negative feedback can stabilize a
system - inputs and outputs are
in opposite directions

» Positive feedback can destabilize
a system - inputs and outputs are
in same direction




In your Breakout Room, discuss the following:

Unlike the DCls and SEPs, the Crosscutting Concepts are often implied
in the standards.

* How do you decide WHICH CCCs apply in your instruction?
* How do you address it/them in your lesson with intention?

(10 min - Return to your previous Breakout Room & select a person to

report out!) [ Room2 W Room3 |
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e 3-D Teaching and Learning

e Science and Engineering Practices
* Crosscutting Concepts

e Making Scientific Evaluations

* Next Steps
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THE REAL WORLD

Ask Questions
Observe
Experiment
Measure

v

THEORIES
AND MODELS

CRITIQUE
ANALYZE

COLLECT DATA
TEST SOLUTIONS

Imagine
Reason
Calculate

Predict

v

Investigating

FORMULATE HYPOTHESES

PROPOSE SOLUTIONS

Evaluating

Developing Explanations

and Solutions

—_—
4
PrROJ=CT

The three “spheres” of activity for scientists (NRC, 2012, p. 45)




ONE MORE THEORY

Simultaneously evaluating how well scientific evidence supports competing
claims and rendering a plausibility judgment on each claim

)
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Plausibility is a tentative judgment about
explanations in light of various alternatives and as
such, is quite useful for science learning

M=L
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A novel explanation

Source Validity
Pre-processing

( )

1. Corroborative
& coherent
alignment

2. Information
complexity

3. Perceived
conjecture

4. Source
credibility
perceptions

5. Heuristic rules

Plausibility

Judgment
ﬂgh/explicit

®
Degree of

evaluation,
depending on:

\

1.Epistemic
dispositions
& motives

2. Motivation

3.Topic
emotions

& biases

Lombardi et al. (201

o
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> (e.g.,

«—
Plausibility
Reappraisal
Feedback
Loop

Reappraisal

Prompt?

exposure to

new

If no

l

6trong potential for
conceptual change

1. If plausibility of novel
explanation > plausibility
of background
...and...

2. If other factors (e.g.,
commitment, personal
relevance) do not
override plausibility

ﬁVeak potential for
conceptual change

1. If plausibility of novel
explanation = plausibility
of background

...OF...

2. If other factors (e.g.,
commitment, personal
relevance) do override
plausibility

~N

No potential for conceptual
change if plausibility of novel
explanation < plausibility of

background
_/




How do scientists change their plausibility judgments?

Plausibility is a judgment we make about the potential truthfulness of one model compared to
another. The judgment may be tentative (not certain). You do not have to be committed to that

decision.
Scientists may change their plausibility judgments about scientific ideas.

They do this by looking at the connections between evi

B W Prior to this webinar we asked you to take a

3. Contradict (oppose) an idea
4. Have nothing to do with the idea Su rveyo eoe

important). Use each number only once.

‘Which type of evidence do you think is most important to a scientist’s plausibility
judgment? Use numbers 1 to 4 to rank each evidence. (1 = most important and 4 = least

Type of evidence

Your ranking

Evidence supports the idea

Evidence strongly supports the idea

Evidence contradicts (opposes) the idea

Evidence has nothing to do with the idea

‘When instructed, flip over to Page 2




+ Evidence
supports
the idea

+ Evidence
strongly
supports
the idea

+ Evidence
contradicts
(opposes)
the idea

v Evidence
has
nothing to
do with the
idea
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22.58%
7

45.16%
4

12.90%
4

19.35%
6

32.26%
10

25.81%
8

38.71%
12

3.23%

32.26%
10

12.90%
4

38.71%
12

16.13%
5

12.20%
4

16.13%
5

9.68%

61.29%
12

TOTAL

31

31

31

31

SCORE >

2.65

3.00

2.55

1.81

Here are the results of the survey as of today
at 6:00 pm....



The only consistent characteristic across disciplines is that
scientific explanations are open to revision in light of new
evidence (NGSS, 2013, Vol 2, p. 96)

=\ Falsifiability makes explanations scientific, that is,

| scientific explanations must be open be able to be proven
wrong (i.e., false)

--Karl Popper

Falsifiability for a theory is great, but a theory
can still be respectable...as long as it is
verifiable

--Brian Green




Now that you’ve heard a bit more about
plausibility and falsifiability, let’s re-rank
the four types of evidence.

Go to

https://www.surveymonkey.com/r/MEL 2021 PT2

Carefully read the following paragraph.

Scientific ideas must be falsifiable. In other words, scientific ideas can never be proven. But,
ideas can be disproven by opposing evidence. When this happens, scientists must revise the idea
or come up with another explanation. Falsifiability is a very important principle when evaluating
scientific knowledge.

As a reminder. scientists may change their plausibility judgments about scientific ideas and they
do this by looking at the connections between evidence and the idea. Evidence may:

1. Support an idea

2. Strongly support an idea

3. Contradict (oppose) an idea

4. Have nothing to do with the idea

‘With falsifiability in mind, re-rank each evidence from 1 to 4. (1 = most important and 4 =
least important). Use each number only once.

Type of evidence Your ranking

Evidence supports the idea

Evidence strongly supports the idea

Evidence contradicts (opposes) the idea

Evidence has nothing to do with the idea



https://www.surveymonkey.com/r/MEL_2021_PT2

\ ongly Supports SR: 64
Contradictory evidence promotes shifts in plausibility judgments about
explanations, demonstrates the process of scientific evaluation, & deepens
students’ knowledge

‘L'H_

Has Nothing to Do With SR: 48

o0 Do With FR: 18
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Evidence
supports
the idea

Evidence
strongly
supports
the idea

Evidence
contradicts
(opposes)
the idea

Evidence
has
nothing to
do with the
idea

12.90%
4

38.71%
12

32.26%
10

16.13%
5

25.81%
8

29.03%
9

4516%
1

0.00%
0

58.06%
18

19.35%
6

16.13%
5

6.45%
2

3.23%

12.90%
4

6.45%
2

77.42%
24

TOTAL

31

31

31

31

SCORE

248

2.94

3.03

1.55
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Instructional scaffolds can facilitate students’ evaluations
to be more explicit and scientific

Directions: Deaw 2 arrows from cach a total of § arvowsy,
"y o > The svidence supports the model s
~ N\ N\ The evidence STRONGLY supports the model
X > The evidence contradicts the model (shows its wroag)
\-Q ----------------- 1 2 lkwwhoﬂllubdowhwmi/
e pE——_
Model A
Evideoce #1 Wetlads .
: provide Evidence #3
Wetlands a rode in the global £
cycles i e oprelsg gt e pa o = s costriouss 7 povont
Wethands change these nutricots into cvic el - oo g
different forms accewary W continue p sustain the "abural sources.
their global cycles. sphere,
!
Evidence #2 W Model B Evidence M4
Flooding is 2 matural occurrence in ‘:’"‘ Magy wetlands are located in
low-lying oreas and wetlends are | [+ == -~ - . lm“-llv'm rapffly developing arcas of the
places where floodwaters can collect. z “ﬂ":m' ‘:. Wl .
fit.




e 3-D Teaching and Learning

e Science and Engineering Practices
* Crosscutting Concepts

* Making Scientific Evaluations

* Next Steps
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P rOj eCt We bS |te . https://serc.carleton.edu/mel/index.html

M=t The Model-Evidence Link
O~ Diagrams Project

Model-Evidence Link Diagrams Project

Model-Evidence Link Diagrams Project
Diagrams Project

About The purpose of our project is to promote students' scientific thinking when confronted with controversial and/or complex Earth and
Teaching Resources space science topics. We do this by using an instructional scaffold called the model-evidence link (MEL) diagram. We are currently adapting
Professional Development this scaffold to enable students to build their own MEL diagram, which we call the build-a-MEL (baMEL). Topics for MEL and baMEL activities

include: climate change, earthquakes and fracking, wetlands use, formation of the moon, extreme weather, fossils and Earth's past,
freshwater availability, and origins of the universe.

<—— current level

For centuries, atmospheric carbon dioxide had never been above this line



https://serc.carleton.edu/mel/index.html

Please fill out a Webinar Evaluation Survey at:

https://www.surveymonkey.com/r/MEL 2021 Pre

or linked to from this page:

https://serc.carleton.edu/mel/prof dev/preinstitute webinar.html

Please fill out this survey by Wednesday May 26, 9 pm EDT
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https://www.surveymonkey.com/r/MEL_2021_Pre
https://serc.carleton.edu/mel/prof_dev/preinstitute_webinar.html

For general questions, use the Chat Box to ask them.

For specific questions, email us at MEL2institutes@gmail.com

Thank you - “See” you at the workshop!
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A TEMPLE UNIVERSITY of
SCIENCE LEARNING RS AT NOK]'H GEORGIA‘

RESEARCH GROUP

The material in this Webinar is based upon work supported by the NSF under Grant
Nos. 1721041 and 2027376. Any opinions, findings, conclusions, or recommendations
expressed are those of the authors and do not necessarily reflect the NSF’s views.




