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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
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Students may find that scientific explanations (hypotheses
and theories) about a phenomenon to be implausible...

...and competing, non-scientific
explanations to be plausible

MIND THE "PLAUSIBILITY GAP”

What are some Earth and space phenomena where the scientific
explanation may seem implausible to students?
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..by (1) promoting
students’ evaluations

about the connections
between evidence and

alternative explanations

about a phenomenon
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Directions: Draw 2 arrows from cach evi

draw a total of 8 arrows,

The evidence supports the model
The evidence STRONGLY supports the model

The evidence contradicts the model (shows its wrong)
ceee The evidence has nothing to do with the mode

Evidence #1
Atmospheric greenhouse gas
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,

Evidence #3

Evidence #2
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.

Evidence #4

crgfases and decreases in global
peratures closely matched
reases and decreases in solar
activity before the industrial
revolution.




...and (2) explicitly appraising & re-appraising the plausibility of both alternative
explanations

Model A: Climate change is caused by humans who are releasing gases into the atmesphere.
A person who supports this model makes the following argument:

A few gases in Earth's atmosphere prevent some of Earth’s energy from escaping out into spoce.
Human activities are increasing the amownt of these gases in the atmosphere. Therefore, kummars
are causing climate change.

Model B: Climate change is caused by increasing amounts of energy released from the San.
A person who supports this model makes the following argument:

The Sun is the main source of emergy for planet Earth. Scientists have shown that for thousands of

years Earth's average femperature increases when the Sun releases more energy. Therefore, the
Sum 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, and you do not have 1o be committed to that decision.
Clnlnbeplaullbihyolud model. [Make two circles, one for each model.)

L Evidence # ~m|m|m1hu~nh'{fiﬂo‘d_&_m

E‘\ “O‘l."l 1 = s o Py on O " A "’,“ X (({,/’ ‘_l ‘j\
aost » nYVoue oty od fof v (001 S STront J, FF ore s
e L IT \S el o et SUI reet € ’ - ' <100 a4 o0 © /

) * 4 '

L_tm-wo‘L'-* Supperts | supports | comtradicts | has sothing te do with Model

EviOCINCe 4 corrradvCt Medel (R e Coust MVCY O ays thay human
€S vt 1@ 5 : ved rereoses of areetl ¢ 005TS , W
" Al Q el oy From+ro 90

) ) (e
ll‘“'_;“ml*‘@lh*bb-nwiw

Evndence T roodnd ots C R Sy X E

N as e D O “""-’““S' "lﬂl\\}" e ot S 4‘

4 : Aw e~ " - m
\\r.r_‘_?./ \ ‘r e ' S peen cauSed by NAEOSTH
oW O T OF FriErgy Yo




78 The MEL activities result in ~1 letter grade increase in knowledge
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But, some bad news...students did not reflect scientific
thinking outside the context of the MEL activities
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Enter the idea of “conceptual agency,” where students
construct and evaluate their own MEL diagram

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

Asterhan, 2016)
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To build a MEL, pick four
of these nine lines of

evidence
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models

Modd A

) Eanh’s freshwaser is abundant and
MEL, pick two | will remam so even in the face of
of these three

global clinwte change.

Medel B

Earth has a shortage of freshwater

that can be met by engineenng

Medel C

Eanth bas a shortage of freshwater,
which will worses as cur world's
population imncreases.
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The material in this Webinar is based upon work supported by the NSF under Grant No. DRL-
1316057 and Grant No. DRL-1721041. Any opinions, findings, conclusions, or recommendations
expressed are those of the authors and do not necessarily reflect the NSF's views.




