Cultivating climate change literacy through
scaffolded critiqgue and evaluation
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Students’ knowledge may be different than scientifically
accurate conceptions...
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...and in some situations, prior knowledge may act as a
barrier to learning
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Main effect: £(1,80) = 16, p<.01, n2 =.17; interaction: £(1,80) = 3.2, p=.08; Lombardi & Sinatra (2012)



However, the “Information Deficit” model of
misunderstanding is essentially incorrect

“Educators need to understand how people process information, how they modify
their existing knowledge and how worldviews affect their ability to think rationally”
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https://skepticalscience.com/docs/Debunking_Handbook.pdf

Scientific literacy involves knowing both (1) what
scientists know & (2) how scientists know

THE REALWORLD | | THEoRIEs
| \ / |
Ask Questions ARGUE Imagine
Observe CRITIQUE Reason
Experiment ANALYZE Calculate
Measure / \ Predict
COLLECT DATA FORMULATE HYPOTHESES
TEST SOLUTIONS PROPOSE SOLUTIONS
Developing Explanations
Investigating Evaluating and Solutions

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



Relatedly, students may find scientific explanations to
be implausible

MIND THE “PLAUSIBILITY GAP~

Epistemic judgments (e.g., plausibility) are often formed through automatic
cognitive evaluations with little purposeful thinking (Lombardi et al., 2016a)



Plausibility is specifically an epistemic judgment
associated with explanations

ONE MORE THEQRY

Other types of epistemic judgments are associated with evidence (e.g.,
credibility, trustworthiness, and reliability; Lombardi et al., 2016a)



Plausibility is a tentative epistemic judgment, and with
reappraisal, may facilitate change
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Model of plausibility judgments in conceptual change (PJCC; Lombardi et al., 2016a)



Refutation texts are experimental tools to investigate
cognitive co-activation of prior and scientific knowledge

cmeaszvarvanon x - 90MeE people believe that the greenhouse effect is
e e, SOMeEthing dangerous created through human activity.”

carbon djoxjde= methane, nitroLs UALUC, ARl LEMPLIEITU ZabTh. LT LG TaT 111 el UOLE LI AIWT 111
the atmosphere comes mainly from burning fossil fuels (coal. oil, and natural gas) and by

deforestation (the clearing of forests which naturally absorb carbon dioxide). Methane is given
off when coal and oil is produced and transported, by raising livestock and other agricultura
practices, and through the decay of organic waste in landfills. Nitrous oxide is emitted ingerthe

through industrial processes and are contributing to the enhanced greenhouse
of these gases contribute to the enhanced greenhouse effect. carbon dioxide

m fossil fuel combustion

greenhouse effect. Most of the U.S. carbon dioxide emissions result
i es, and trains. We all know

used to generate electric power and exhaust from cars, tucks,
the warnings about leaving a child or pet in a locked car with

Many people have heard of the “gree se effect”. but not everyone knows what the
“greenhouse effect”™ is exactly. Some people believe that the greenhouse effect is something
dangerous created through human activity. You may have thought this too. Howewver, it 15
incorrect to think that the earth’s greenhouse effect is something dangerous caused by humans.
The earth’s greenhouse effect is actally a 1 occurrence that helps raise our planet’s
average temperature. making it habitable. Withow v occurring greenhouse gases like
water vapor, carbon dioxide. and methane. more of E nergy would radiate back into space
and Earth’s average temperature would be about -1°F, which 15 ut §0°F colder than it is
today. Life on Earth would be much different without a greenhouse € t. In fact, life might not
exist on Earth at all without the greenhouse effect.

“However, it is incorrect to think that the earth’s greenhouse effect is something
dangerous caused by humans. The earth’s greenhouse effect is actually...”

oceans. An analogy may help illustrate this process.

Imagine vour car parked out in the sun with the windows slightly open. The temperature
inside your car feels warmer than the outside temperature. The reason for this difference in
temperature is that the sun’s light energy enters through the car windows and is transferred to the
seats, dashboard. carpeting, and floor mats. These objects re-radiate some of this energy in a
form of invisible light, called infrared. Windows are opaque to and block this infrared light,
causing the energy to be trapped inside the car. Some of the blocked energy is transferred to the

air mside the car, raising its temperature. This 1s an example of a greenhouse effect. Similarly, .
Earth is covered by a blanket of gases, which, like the windows on the car, allow light energy |.O m ba rdl et a I . (2016b)




Student who were more evaluative and reappraised
plausibility shifted toward more scientific knowledge...

Post Reading Knowledge Post Reading Knowledge
Refutation Text 0.01 Expository Text Group

0.12 0.05

0.19

Evaluation™* Evaluation
Plausibility** Plausibility**
Prior Knowledge* Prior Knowledge**
Unexplained 0.36 Unexplained
0.74
0.48
Total R2=.51, n =45 000 Total R2=.26, n =50

Lombardi et al. (2016b)

...but only after reading a refutation text...and refutation texts are difficult to
design and use effectively in authentic classroom instruction



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.

—_—

H — 2 T —
Key — The evidence supports the model
W\/\/\f\w—} The evidence STRONGLY supports the model
¥ P The evidence contradicts the model (shows its wrong)
\w ————————————— o> The evidence has nothing to do with the model
/

Evidence #1
Atmospheric greenhouse gas
concentrations have been rising forfthe
past 50 years. Human activities hafre
led to greater releases of greenhojise
gases. Temperatures have also bgen
rising during these past 50 years

|

Evidence #3
Satellite\are measuring more of
=== Earth’s engrgy being absorbed by

Evidence #2 Our cuyfrent climdte
Solar activity has decreased since changg is caused
1970. Lower activity means that Ea sy .| increflsing amounts
has received less of the Sun’s energy.\ | of ghergy released
But, Earth’s temperature has #Om the Sun.

continued to rise.

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 climate change MEL resulted in shifts in middle
school students’ plausibility and increased knowledge
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Lombardi et al. (2013)



We expanded and replicated this study with secondary
students who experienced four different MELs

Causes of current climate change
Temperature vs. Solar Irradiance
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This project involved three school districts from very
different parts of the US

8 master teachers & hundreds of their secondary (grades 9-
12) Earth science students participated in this project
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Year 2 pilot study results revealed plausibility shifts for
some topics (e.g., climate change), but not for others

Plausibility

M =2.01%

SD=2.94
M=0.41 I
sD=291 I

pre post

Climate Change

M=2.86 M = 2.58
SD=2.96 [ SD=3.65
[ M=1.29 DN
M [ SD=3.54 P
SD=3.51 [ I [ ] ] [ ]
M = -1.65 w { {
SD =3.09 T [ T
i} B -
pre post pre post pre post
Fracking Wetlands Moon

SW1 mSW2 mMAl1l = MA2

F(12,546) = 12.1, p <.001, n 2 = .099
Lombardi et al. (2018)



However, all topics showed increases in knowledge
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Lombardi et al. (2018)



In Year 3, we conducted a quasi-experiment comparing
three different tasks

T
Directions: Draw 2 arrows [from i evidence box. one to each model. You will draw a total of 8 arrows. i
2 If you worked with other students, their name(s):
Key: > "The svidence supports the model
The ¢vidence STRONGLY supports the model Directions: Use the following codes to indicate how well each evidence supports each model.
b B The evidence contradicts the model (shows fts wrong) You should put a code into each blank table cell.
- ence has nothing to do with the model
Key: 2
S = The evidence supports the model
e Model A Evidence 43 SS = The evidence STRONGLY supports the model
e The jnorease in Convection of hot but solid and . . :
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The Mono-MEL diagram, 4 lines of
evidence, only 1 alternative



In this scaffold, students complete a written explanation
task after drawing their diagram

Provide a reason for three of the arrows you have drawn. Write your reasons for the three most inferesting or important arrows.
A, Write the number of the evidence you are writing about.
B. Circle the appropriate word (strongly supports | supports | contradicts | has nothing to do with).
C.  Write which model vou are writing about.
D. Then write your reason.

1. Evidence # 7] stmngly supports | uuppurts | contradicts | has nothing to do with Model _/ _ because: L el e 0SA
Evidenct 4 5ows thok puonon GCTwihies howe o 9 gyecde ooy OF il e
3 W g . " 5 3 1 Lty F grds .14-‘ gt e = %

m‘ts ntr:@ | has lmtilmg Lo dﬂ ml,h "\'Imlel E because:

} Ef X




Deeper evaluations facilitated participants’ plausibility
reappraisals and greater knowledge

B=.21,p=.03

_____ A4, p=.10 Knowledge
Post

Knowledge
Pre

GoF =.437 (large explanatory power); APC = .265, p< .001; ARS =.330, p<.001;
AVIF = 1.12; AFVIF = 1.46; and NLBCDR = 1.0; Lombardi et al. (2018a)



Researchers & instructors need to help students scientifically
evaluate & reappraise their epistemic judgments...

...and such scientific thinking practices are essential for development by
all so that we can productively address both mitigation & adaption

We must teach K-16 students to source, analyze, critique & judge the plausibility
of both scientific & lay explanations (e.g., from online sources) for evaluating the
truthfulness of solutions to equitably address human-induced climate change
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