Scaffolding scientific thinking to facilitate students’
knowledge construction about Earth and space science topics
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Scaffolding is a metaphor related to the idea that people
construct knowledge both cognitively & socially
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In education and educational research, scaffolding consists of instructional
materials and strategies that facilitate students’ knowledge construction



https://www.youtube.com/watch?v=EvCuX-oY4_c
https://www.youtube.com/watch?v=EvCuX-oY4_c

Students’ knowledge may be different than scientifically
accurate conceptions...

...and in some situations, prior knowledge may act as a
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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”

handbook

John Cook
Stephan Lewandowsky



https://skepticalscience.com/docs/Debunking_Handbook.pdf
https://skepticalscience.com/docs/Debunking_Handbook.pdf

Scientific literacy involves knowing both (1) what
scientists know & (2) how scientists know
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Ask Questions ARGUE Imagine
Observe CRITIQUE Reason
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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

cuneassvaianon - 90Me people believe that the greenhouse effect is
e e . SOMething dangerous created through human activity.”

carbon dioxide. methane, eroua UAIUT, AL LI IIAICU BATE. LG LG TAYG L1 Ll UL UIUAIGT 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

probably h31 € heard about the most because it accounts for more than 6J7
greenhouse effect. Most of the U5, carbon dioxide emissions result m fossil fuel combustion
used to generate electric power and exhaust from cars, tucks, es. and trains. We all know
the warnings about leaving a child or pet in a locked car with windows up on a sunny day. If
global warming is not mitigated, we run the risk of Earth’s #émperature rising to unsafe levels.

Refitation

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. Withou v occurring greenhouse gases like
water vapor., carbon dioxide. and methane. more of E ergy would radiate back into space
and Earth’s average temperature would be about -1°F, which 1= ut 60°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 your 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 inside the car, raising its temperature. This is 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 Lo m ba rdl et a I . (20 16b)




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 0.00 Total R2=.26,n =50

...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 § arrows.

: / i \
Key | 4 The evidence supports the model
’\/\f\/\/\/\z—} The evidence STRONGLY supports the model
9( P The evidence contradicts the model (shows its wrong)
m— ———————————— = The evidence has nothing to do with the moﬂ/

Evidence #1

Atmospheric greenhouse gas Evidence #3

Satellitej\are measuring more of
==t~ Earth’s enkrgy being absorbed by

Model A
Our c\rrent clima

increasihg amo
of gases\release
human aftivitie.

gases. Temperatures have also bgen
rising during these past 50 years

del B
Evidence #2 Our cuyrent climafe
Solar activity has decreased since changg is caused
1970. Lower activity means that Ea ) | increAsing 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)



My projects investigate students’ evaluations,
plausibility, & knowledge about Earth science topics

Schematic of the “MEL1”
research project (2013-2017)

Instructional Materials Year 1 & 2 Pilot Testing in
Design & Re-design Classroom Settings

Year 3 Quasi-Experimentsin
New Classroom Settings

Research question: How does instruction promoting evaluation result in plausibility
reappraisal and knowledge changes about Earth and space science topics?



This first project involved three school districts from
very different parts of the US

One in a large urban
district; low SES
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8 master teachers & hundreds of their secondary (grades 9-
12) Earth science students participated in this project
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Secondary students experienced instruction about four
topics during the course of a school year

Causes of current climate change
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In the project’s third year, we conducted a quasi-
experiment comparing three different tasks

Directions: Draw 2 arrows [ro

h evidence box. one (o each model. You will draw a total of 8 arrows.

Key:

cc supports the model
nce STRONGLY supports the model
e contradicts the model (shows its wrong)

nce has nothing to do with the model

Evidence #1
Fracking (luids and wastewater
in

cted into the ground change the
stress in Darth's crust

Fvidence #2
ears. the num

king sites was 11

times higher than the 30-year average.

4| moderate magnitude

Model A
I'he increase in
moderate m

Midwest used by
fracking for fossil
fuels.

Model B
The increase in

earthquakes in the

Midwest is caused by
normal teclonic plate
motion.

Evidence #3
Canvection of hot but solid and
ductile rocks in the upper mantle
s stresses in Earth’s crust.
resses cause Harth’s crust
1o fracture.

Evidenee #4
Many carthquakes are currently
aceurring in regions surrounding
fracki

The Model-Evidence Link (MEL) diagram,
4 lines of evidence, 2 alternatives

Evidence #1
Fracking fluids and wastewater
injected into the ground change the
stress in Earth’s crust.

Model
The increase in

Evidence #3
Convection of hot but solid and
ductile rocks in the upper mantle
A creales stresses in Earth’s crust.
These stresses cause Earth’s crust
to fracture.

If you worked with other students, their name(s):

Key:

S = The evidence supports the model
SS = The evidence STRONGLY supports the model
C = The evidence contradicts the model (shows its wrong)

N = The evidence has nothing to do with the model

Directions: Use the following codes to indicate how well each evidence supports each model.
You should put a code into each blank table cell.

Model A
The increase in moderate
magnitude earthquakes in
the Midwest is caused by
fracking for fossil fuels.

Model B
The increase in moderate
magnitude earthquakes in
the Midwest is caused by
normal tectonic plate
motion.

Evidence #1

Fracking fluids and wastewater injected
into the ground change the stress in
Earth’s crust.

C

N

Evidence #2

During recent years, the number of
earthquakes near fracking sites was 11
times higher than the 30-year average.

o

N

Evidence #3

Convection of hot but solid and ductile
rocks in the upper mantle creates
stresses in Earth’s crust. These stresses
cause Earth’s crust to fracture.

N/

& .

Evidence #4

Many earthquakes are currently
occurring in regions surrounding
fracking sites.

~
&

moderate magnitude
earthquakes in the

Midwest is caused
by fracking for

fossil fuels.

The Model-Evidence Link Table (MET),
4 lines of evidence, 2 alternatives

Evidence #2
During recent years, the number of o
carthquakes near fracking sites was 11 /
times higher than the 30-year average.

Evidence #4

"I Many earthquakes are currently
oceurring in regions surrounding
fracking sites.

The Mono-MEL diagram, 4 lines of
evidence, only 1 alternative



All students completed a written explanation task after
completing their diagram or table

Provide a reason for three of the arrows you have drawn. Write your reasons for the three most interesting or important arrows,
A, Write the number of the evidence you are writing about.
B. Circle the appropriale 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 # '1 str{mgly %uppnrts | h:up[mrts [ contrndlch | has nothing to du with Mudel ;'h becausg: s & mreenhoos

l_uyﬂwr 1L Savs ot pumon GCT el re S€




Qualitative analyses revealed 4 levels of students
evaluations reflected in the explanation task

Category Description Score

Erroneous Explanation contains an incorrect model-to-evidence link and/or is mostly
Evaluation inconsistent with scientific understanding.

Explanation is correct, but the evidence-to-model link weight states that the
evidence has nothing to do with the model. Explanation does not clearly 2
distinguish between lines of evidence and explanatory models.

Descriptive
Evaluation

Explanation is correct, with an evidence-to-model link weight of strongly
Relational supports, supports, or contradicts as appropriate. Explanation distinguishes

. . : . 3
Evaluation between lines of evidence and explanatory models, but does so in a merely
associative or correlation manner based on text similarity.
Explanation is correct, with an evidence-to-model link weight of strongly
supports, supports, or contradicts as appropriate. The explanation reflects
Critical deeper cognitive processing that elaborates on an evaluation of evidence 4

Evaluation and model. Explanation distinguishes between lines of evidence and
explanatory models, allows for more sophisticated connections, and
concurrently examines alternative models.

Lombardi et al. (2016b,2017)



Students rate the plausibility of two alternative
explanatory models that explain a phenomena

Case 1: Probabilistic
Reasoning

Case 2: Plausibilistic
Reasoning (common)

Case 3: Plausibilistic
Reasoning (uncommon)

Circle the plausibility of each model. [Make two circles. One for each model.]

Model A
Model B

Greatly
implausible
(or even
impossible)

1
1

Highly

Plausible
2 3 4 5 6 1 9 10
2 @ 4 5 6 7 8 9 10

Circle the plausibility

Model A
Model B

Greatly
implausible
(or even
impossible)

1
1

of each model. [Make two circles. One for each model.]

Highly
Plausible
2 3 4 5 6 7 9 10
2 3 4 @ 7 8 9 10

Circle the plausibility

Model A
Model B

Greatly
implausible
(or even
impossible)

1
1

of each model. [Make two circles. One for each model.]

Highly
Plausible

| 5 6 7 8 9 10
4 5 6 7 8 9 10

|G I S ]




Short knowledge surveys probe students’ understanding

for each topic

scientists agree with these statements.

Below are statements about climate change. Rate the degree to which you think that climate

Neither
S’Frnnglj.r Disagree agree Agree Strongly
disagree nor agree
disagree
1. The Sun is the main source of energy A B s D F
for Earth’s climate.
2. We cannot know about ancient climate A B s D E
change.
3. Burning of fossil fuels produces A B C D E
greenhouse gases.
4. Greenhouse gases absorb some of the A B C D E
energy emitted by Earth’s surface.
5. Earth’s climate 1s currently changing. A B C D E

Although short, we have calibrated these with longer forms and

classroom testing reveals instrument validity for research purposes




Participants scores showed meaningful plausibility shifts
and knowledge increases toward the scientific...

...but only when students simultaneously evaluated lines of evidence and two
alternative explanations (Lombardi et al., 2018a)
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Wilks’ A = .843, F(2,61) =5.67, p=.006, Wilks’ A = .893, F(2,61) =3.67, p=.03,

medium effect size (n? =.157) medium effect size (n? = .107)



Deeper evaluations facilitated participants’ plausibility
reappraisals and greater knowledge

Plausibility
Pre

B=.45p<.01

B=.21,p=.03

__PZ.tH PV 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)



These results are aligned with and complementary to

several empirical studies and recent theory...
...(e.g., Lombardi et al., 2013; Lombardi et al., 2016a,b,c; Lombardi et al., 2018b)
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But we are unsatisfied, because unpublished results suggest that students are
not transferring their evaluative thinking outside of the classroom context
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Our current project examines scaffolds that increase

students’ “conceptual agency” (Pickering, 1995)

Evidence #2
The world's population is incr
stresses the supply of

Freshwater Build-a-MEL

Evidence 56

Directions: Write the number of each evidence you are nung and for each model you have selected in the boxes below. Then draw 2 amows

from each evidence box, one to each model You will draw a total of 8 amows.
Key:

> The evid

~ TN The evidence STRONGLY supports the model

v) >

ence supports the model

The evidence contradicts the model (thows its wr

R The evidence has nothing to do with the

P
//' T
Fﬁ«f” Evidence

:T::”//

To builda MEL, pick four
of these nine lines of

: Model A
Tobuilda Earth’s freshwater 1s abundant and

MEL, p ick two | will remain so even in the face of
o of these three global climate change.

models

Madel B
Earth has a shortage of freshwater
that can be met by engineenng
solutions.

Moadel C
Earth has a shortage of freshwater,
which wall worsen as our world's
population increases.

evidence

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)



Initial pilot testing reveals that the baMEL may increase
evaluations above the pre-constructed MEL

Plausibility
Scientific
Pre

Plausibility
Scientific
Post

Plausibility
Alternative
Post

Plausibility
Alternative
Pre

GoF = .434 (large explanatory power), ARS = .248



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

...and development of scientific thinking practices are essential for all so
that we can equitably address current and future global challenges




An open-access issue in The Earth Scientist facilitates
access to our project’s instructional materials

THE EARTH SCIENTIST . °

Volume )OOEEI- is_sue 2e Summer 2016_ _ _ $10.00%

=2 T

This issue has five articles (one dlscussmg our f|rst four pre- constructed MELs
and one providing assessment guidance for teachers)

- S W : :
Many of the project team (master teachers, undergraduate RAs, graduate RAs,
and faculty researchers) authored these articles
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https://sites.temple.edu/slrg/files/2018/09/tes_summer_2016.v3.pdf
https://sites.temple.edu/slrg/files/2018/09/tes_summer_2016.v3.pdf
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