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Due to complexity, abstractness, or controversy,
teaching about some topics can be a challenge

Fracking
Hydraulic Fracturing

Teaching the science alone isn’t enough.... We have to aim for scientific
literacy



Scientific literacy = knowing both: (1) what scientists

know & (2) how scientists know

THE REAL WORLD

Ask Questions
Observe
Experiment
Measure

v

COLLECT DATA
TEST SOLUTIONS

Investigating

ARGUE
CRITIQUE
ANALYZE

Evaluating

THEORIES
AND MODELS

Imagine
Reason
Calculate
Predict

v

FORMULATE HYPOTHESES
PROPOSE SOLUTIONS

Developing Explanations
and Solutions

Evaluation as argument, critique, and analysis is central to scientific thinking
and knowledge construction (NRC, 2012)




The activities we’ll talk about today connect to
NGSS/3D learning’s SEPs and CCCs

25 T Science & Engineering Practices:
PRACIICES Engaging in Argument from Evidence
*Constructing Explanations from Evidence
Developing & Using Models

ancOMENT fRoM  Crosscutting Concepts:

FYEDENEE Cause & Effect
*Systems & System Models
‘Energy & Matter
\aries by scaffold

CAUSE & EFFECT



You may already be familiar with the Claim-
Evidence-Reasoning (CER) approach

*Claims: A proposed answer
to a question

' Evidence Evidence e *Evidence: The information
used in an argument to
support the claim

Reasoning *Reasoning: Justification that
links the claim and
evidence.

Scientists construct MODELS to explain evidence



Evidence is the foundation for both claims
and models

CLAIMS MODELS
*An answer to a question *An explanation of a
phenomenon

*An assertion based on results
of an investigation *A hypothesis that leads to

e . new questions
*Requires justification to d

support the claim *Predicts or describes how and
why a phenomenon occurs



Models alone are not sufficient to support
scientific thinking

Models must be coordinated
with lines of evidence to help
build an argument about a
particular phenomenon and its
systematic relationships. (NRC,
2012)

How are scientific models evaluated?



Scientific Evaluations and Judgments
about Knowledge

Scientists make judgments about
both evidence and explanations
about phenomena
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For example, scientists judge the
credibility and reliability of evidence

Scientists also evaluate the
plausibility of explanations in light of
other alternatives
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Knowing how it could change the lives of canines everywhere,
the dog scientists struggled diligently to understand the
Doorknob Principle.



Our plausibility judgments are
tentative and changeable

Shifts in plausibility judgments toward the scientific can help us learn
more deeply

—y

A novel explanation

Source
validity pre-
processing

(i.e., based on
perceptions of
source and
individual’s
heuristics &
biases)

Model of Plausibility Judgments in Conceptual Change
(PJCC; Lombardi, Nussbaum, & Sinatra, 2016)

S—

s

/

Plausibility
judgment

high/explicit
®

Degree of
evaluation

3
\

[ J
. low/implicit |

Plausibility
Reappraisal
Feedback Loop

If yes

<

e

Reappraisal
Prompt?
(e.g., exposure to
new information)

If no

If plausibility of novel >
plausibility of background
= strong potential for
conceptual change

If plausibility of novel =
plausibility of background
= weak potential for
conceptual change

If plausibility of novel <
plausibility of background
= no potential for
conceptual change




Plausibility and Falsifiability

Falsifiability makes explanations scientific,
that is, scientific explanations must be open
be able to be proven wrong (i.e., false).

--Karl Popper

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)



Name Teacher Period Date

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 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

‘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
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

When instructed, flip over to Page 2

Introducing Students to Plausibility

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:
. Support an idea
Strongly support an idea
. Contradict (oppose) an idea
. Have nothing to do with the idea

bW

‘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

The Plausibility Ranking Task

Plausibility Ranking Task (PRT; 2017-10-11) Page 1 of2

Plausibility Ranking Task (PRT; 2017-10-11) Page 2 of 2



The Model-Evidence Link Diagram

Classroom

instructional
scaffolds can

help make
students’

evaluations

explicit,

thoughtful, &

scientific
Chinn &
colleagues

(2012, 2014)

]

Directions: Draw 2 arrows from each evidence box, one to each model. You will draw a total of 8 arrows.

Key: | e

The evidence supports the model
The evidence STRONGLY supports the model
The evidence contradicts the model (shows its wrong)

The evidence has nothing to do with the nl()_d_el/

— ]

Evidence #1
Atmospheric greenhouse gas
concentrations have been rising fof the
past 50 years. Human activities have
led to greater releases of greenhpuse
gases. Temperatures have also peen
rising during these past 50 yeafs.

Evidence #2
Solar activity has decreased sin
1970. Lower activity means that §arth
has received less of the Sun’s ene
But, Earth’s temperature has
continued to rise.

Model A
current climate

activities.

Evidence #3
Satellites Yre measuring more of

~ Earth’s eneYgy being absorbed by
greenhouse

SES.

Viodel B
Our cfirrent climats

change is caused b

incgfasing amounts
of £nergy released

Zom the Sun.

Evjdence #4
Increases angl decreases in global
closely matched
increases gnd decreases in solar

Example of student completed Model-Evidence Link (MEL) diagram

Scientific evaluations may also promote students’ reappraisal of their initial
plausibility judgments & knowledge reconstruction (Lombardi et al., 2016a)




The first four MELs we developed cover the areas of
geology, hydrology, climate, and astronomy

Causes of current climate change

Temperature vs. Solar Irradiance
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Ecliptic: the plane on which most
planets orbit around the Sun
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Hydraulic fracturing & earthquakes
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Value of wetlands



MEL Step 1: Model Plausibility Ratings

Plausibility of Models Explaining Climate Change

Name: Date: Teacher: Period:

Please work on this individually.

Read the following information carefully.

o
W h e n te a c h I n g t h e Humans create models to help explain things.
(]
Below { dels. The, ide diff xplanations for why global havi
MEL, introduce the e e
Model A: Climate change is caused by humans who are releasing gases into the atmosphere.
explanatory models

A person who supports this model makes the following argument:

a n d h ave st u d e nts rate A few gases in Earth’s atmosphere prevent some of Earth’s energy from escaping out into space.
Human activities are increasing the amount of these gases in the atmosphere. Therefore, humans
Ld o o
model plausibility

are causing climate change.

Model B: Climate change is caused by increasing amounts of energy released from the Sun.
A person who supports this model makes the following argument:
The Sun is the main source of energy for planet Earth. Scientists have shown that for thousands of

years Earth’s average temperature increases when the Sun releases more energy. Therefore, the
Sun is causing climate change.

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.
Circle the plausibility of each model. [Make two circles, one for each model.]
Greatly
implausible
(or even Highly
impossible) plaustble
Model A 1 2 3 - 5 6 7 8 9 10
Model B 1 2 3 - 5 6 7 8 9 10




MEL Step 2: Examining the Evidence

Complete the MEL diagram using
the evidence texts as a resource

Name: Date: Teacher: Period:

If you worked with other their

Directions: Draw 2 arrows from each evidence box, one to each model. You will draw a total of 8 arrows.

Key:

The evidence supports the model

>
>
W The evidence STRONGLY supports the model

X » The evidence contradicts the model (shows its wrong)
—————————————————————————— » The evidence has nothing to do with the model
Evidence #1 Evid .
Atmospheric greenhouse gas x e e
P = & Model A Satellites are measuring more of

concentrations have been rising for the
past 50 years. Human activities have
led to greater releases of greenhouse
gases. Temperatures have also been
rising during these past 50 years.

Our current climate

change is caused by
increasing amounts

of gases released by
human activities.

Earth’s energy being absorbed by
greenhouse gases.

Model B
Evidence #2 Our current climate Evidence #4

Solar activity has decreased since change is caused by Increases and decreases in global

1970. Lower activity means that Earth increasing amounts temperatures closely matched

has received less of the Sun’s energy. of energy released increases and decreases in solar

But, Earth’s temperature has activity before the industrial

from the Sun.
continued to rise. N~—— revolution

‘Evidence #1: Atmospheric greeahouse gas concentrations have been rising for the past S0
vears. Human activities have led to greater releases of greenhouse gases. Temperatures

have also been rising during these past 50 years.

[ r——

Figume | Carbon dowsde levels i the stmorphere. Crede Wrce S
The symbol for 0. These levels have 1).COrmthe

atmosphere absorbs infrared energy emitted by Earth People call CO2 a greenbonse gas because

it keeps some of Earth's energy from escaping to space.

Figare 2 CO,reesond by buman sctrrtes Cred Wrght Semeres
Figure 2 show: of COby the sivit foels,
inchuding coal, gasoline, natural gas, and wood. Burning fossil faels releases CO into the

atmosphere

Evidence 82: Solar activity has decreased since 1970, Lower activity means that Earth has
received less of the Sun’s energy. But, Earth's temperature has continued to rise.

Temperature vs. Solar Irradiance
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Students would work in groups and come to
consensus about the arrows drawn

Evidence 23: Satellces are measuring more of Earth's energy belng absorbed by

greenhoute gater
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secorded fess infrared eergy leaving Earth's stmosphere

Evidence #4: Increases and decreases in global temperatures closely matched increases and

decreaes in solar activity before the industrial revolution.
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on evidence collected from tree rings. Some of the tree rings are from trees that are till iving

Some of the trees rings are from ancient trees that have died




MEL Step 3: Explanation Task

1. Please work on this part individually after you complete your diagram. Now that you have completed the diagram, reconsider the
plausibility of Models A and B. Circle the plausibility of each model. [Make two circles, one for each model.]

Greatly implausible Highly

(or cven impossiblc) plausible
Model A 1 2 3 4 5 6 7 8 9 10
Model B ] 2 3 4 5 6 8 9 10

What were your previous rankings? Model A: Model B:
2. Did the plausibility of Model A and/or Model B change after you completed the diagram?/ Yes or No [Circle One]

3. Which arrows changed your plausibility judgments about the models? If your plausibility judgment did not change, which arrows
supported your original plausibility judgments? Use the following steps to provide two explanations for why your plausibility
judgments did or did not change.

1) Write the number of the evidence you are writing about. [Note: it is okay to include more than one evidence. |
2) Circle the appropriate word (strongly supports | supports | contradicts | has nothing to do with)

3) Write which model you are writing about. [Note: it is okay to include both models. ]

4) Then write your reason

Evidence # strongly supports | supports | contradicts | has nothing to do with Model _ /" because:

ps
4t I ]

4. In your final ranking, did you rank either Model as “1™ or “10?” Yes or'No ) [Circle One] Why? Why not?

| £ 1
)

Complete a written explanation task after completing
the diagram and then re-rate plausibility of the models



Quasi-experimental results revealed that the pcMEL leads
to plausibility shifts and increased knowledge
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F(2,61) =5.67, p= .006, medium effect Wilks’ A = .893, F(2,61) = 3.67, p= .03,
size(n?=.157) medium effect size (n?=.107)

Lombardi, Bailey, Bickel, & Burrell (2018)



Our research shows that students make scientific
evaluations and learn about these topics more deeply
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But we are unsatisfied, because some students are not transferring their
evaluative thinking outside of the classroom context

WILEN INK@EARTHLINK NET



Introducing the build-a-MEL (baMEL)

MEL: Two baMEL: Three
models, four models, eight
lines of lines of

evidence, pre- evidence,
constructed students build

Students who exercise conceptual agency are authors of their own
contributions, accountable to the classroom learning community, and have the
authority to think about and solve problems (Nussbaum & Asterhan, 2016)



The sequence of baMEL activities takes about twice as
ong as the pre-constructed MEL (90-120 minutes)

1. Present 3
competing models
& rate their
plausibility

2. Read & discuss
the 8 evidence
texts & build the
MEL

Evidence #1
Land use changes have generated large
pressures on fresh water resources. These

~hannas ara affastinn hath nmtar analite and

Evidence #2
The worlds population is increasing. This
stresses the supply of freshwater.

Evidence #3
Groundwater provides freshwater to many
people around the world. In many places,
neanle are nsine oronndwater faster than it is

Evidence #4
‘Water reclamation and desalination costs are
expensive. These costs vary depending on
location

Evidence #5
Advances in engineering have led to better
access to quality drinking water. At the same

A rantiter A 1:6n e

Evidence #6
Glaciers are a source of freshwater in many
parts of the world. Glacial ice mass is

Aarrancing warldwida

Evidence #7
Microclimates are climates of very small
areas that usually differ from the

Evidence #

Evidence #

N

Model

Model

Model A
Earth’s freshwater is abundant and
will remain so even in the face of
global climate change.

Pick two of the three models

lence #

Model B
N / Earth’s freshwater challenges will

be solved by engineering

( \ solutions.

areas Scientists are devalanine hich-

Evidence #8
In the contiguous US, average temperatures
and precipitation have increased since 1901
From 2000-2015, the US was abnormally dry
with some parts of the country in moderate to
severe drought

3. Complete the explanation task

Enm—

Pick four of the eight lines of evidence

Evidence #
— Model C
‘* Earth has a shortage of freshwater,
which will worsen as our world’s
population increases.
Nume: Date: Teacher: Period:

Please work on thi: part individually after you complete your diagram. Now that you have completed the diagram, reconsider the plausibility of
Models A, B, and C

Circle the plausibility of each model. [Make three circles, one for each model]

plausile
Model A 1 2 3 4 5 6 7 8 9 10
Model B 1 2 3 4 6 7 ] 9 10
Model € 1 2 3 4 6 7 8 9 10

Did the plausibility of Model 4, Model B, and/or Model C change after you completed the diagram? Yes or No [Circle One]

[Note: you may have to look at your previous ratings if you do not remember what they were. Ask your teacher for assistance]

judgment did not change, which arrows supported
v why your plausibility judgment: did or did not

Wit the number of the evidence you are writing sbout. [Note: it is okay to inchude more than one evidence]
ipport: | contradict: | ha nothing to do with).

Write which model you are writing zbout. [Note: it is okay to include more than one model].

A
B.  Circle the appropriate word (strongly support:
¢ .
D.  Then wnite your reason.

1. Evidence #___strongly supports | support: | contradicts | has nothing to do with Model ____ because:

2.Evidence #___ strongly supports | support: | contradicts | has nothing to do with Model ___ because:




Similar to the pre-constructed MELs, the baMELs cover
the areas of geology, hydrology, climate, & astronomy

Extreme weather & climate change
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Fossil evidence of the
Triassic land reptile
Lystrosaurus

Fossils of the fern
Glossopteris, found in
all of the southern
continents. show that

Fossil remains of
Cynognathus, a
Triassic land reptile

Fossil remains of the
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Fossils & Earth’s past surface

Origin of the universe



Learn more about the MEL/baMEL and how to use them
in open-access issues of The Earth Scientist

NATIONAL
EARTH SCIENCE IATIONAI
EARTH SCIENCE

THE EARTH SCIENTIST .°#. THE EARTH SCIENTIST .. /7.

Volume XXXVI « Issue 3 » Fall 2020 $10.00*

D‘d The Earth Scientist is a peer-reviewed publication for Earth and environmental
science teachers, and these issues are freely available for download
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https://sites.temple.edu/slrg/files/2018/09/tes_summer_2016.v3.pdf

Please visit the MEL project website for free access
to all our instructional materials and resources

Your Account

COM=L The Model-Evidence Link
Qg rre/=cT Diagrams Project

Model-Evidence Link Diagrams Project

e Model-Evidence Link Diagrams Project

Link Diagrams
Project

i The purpose of our project is to promote students' scientific thinking when confronted with controversial and/or

out

complex Earth and space science topics. We do this by using an instructional scaffold called the model-evidence link (MEL)
diagram. We are currently adapting 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.

Teaching
Resources

Professional
Development

> v



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

First test of the virtual
Fracking MEL in
classrooms happened
this week!

Watch our website for
future releases

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 evidence and the idea.
Evidence may 1) SUPPORT an idea, 2) STRONGLY support an idea, 3)
CONTRADICT (oppose) an idea, or 4) Have NOTHING TO DO with the idea.

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

Evidence
supports the idea O O O O

Evidence

strongly O O O O

supports the idea

Evidence

contradicts

(oppose) the O O O O
idea

Evidence has

nothing to do O O O O

with the idea



Professional Development Opportunity!

Earth and Forsyth County, GA
Environmental e June 7-9, 2021
Science I::ducators Duke Farms, Hillsborough, NJ
Institute:
Connecting Models  * July/August, TBA
and Evidence Stipend - S750

Applications available in early 2021



Questions & Comments?

Thanks so much for attending!  Janelle Bailey

Please visit us at

« janelle.bailey@temple.edu
https://serc.carleton.edu/mel/

Doug Lombardi
« lombardl@umd.edu
Tim Klavon

@M_:L . tim.klavon@temple.edu
)~y
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https://serc.carleton.edu/mel/

